Jia Zhou - Gavriel Salvendy (Eds.)

- Human Aspects of IT
5 for the Aged Population
LEJ Design for Aging

Second International Conference, ITAP 2016
Held as Part of HCI International 2016
Toronto, ON, Canada, July 17-22, 2016, Proceedings, Part |

IPart |

a

HCI| 20816

INTERNATIONAL

@ Springer




Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, Lancaster, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Friedemann Mattern

ETH Zurich, Ziirich, Switzerland
John C. Mitchell

Stanford University, Stanford, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

TU Dortmund University, Dortmund, Germany
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Gerhard Weikum

Max Planck Institute for Informatics, Saarbriicken, Germany

9754



More information about this series at http://www.springer.com/series/7409


http://www.springer.com/series/7409

Jia Zhou - Gavriel Salvendy (Eds.)

Human Aspects of IT
for the Aged Population

Design for Aging

Second International Conference, ITAP 2016
Held as Part of HCI International 2016
Toronto, ON, Canada, July 17-22, 2016
Proceedings, Part |

@ Springer



Editors

Jia Zhou Gavriel Salvendy
Chongqing University Purdue University
Chongging West Lafayette, IN
China USA

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Computer Science

ISBN 978-3-319-39942-3 ISBN 978-3-319-39943-0  (eBook)

DOI 10.1007/978-3-319-39943-0

Library of Congress Control Number: 2016940107
LNCS Sublibrary: SL3 — Information Systems and Applications, incl. Internet/Web, and HCI

© Springer International Publishing Switzerland 2016

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, express or implied, with respect to the material contained herein or for any errors or
omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



Foreword

The 18th International Conference on Human-Computer Interaction, HCI International
2016, was held in Toronto, Canada, during July 17-22, 2016. The event incorporated
the 15 conferences/thematic areas listed on the following page.

A total of 4,354 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 74 countries submitted contributions, and 1,287 papers and
186 posters have been included in the proceedings. These papers address the latest
research and development efforts and highlight the human aspects of the design and use
of computing systems. The papers thoroughly cover the entire field of human-computer
interaction, addressing major advances in knowledge and effective use of computers in
a variety of application areas. The volumes constituting the full 27-volume set of the
conference proceedings are listed on pages IX and X.

I would like to thank the program board chairs and the members of the program
boards of all thematic areas and affiliated conferences for their contribution to the
highest scientific quality and the overall success of the HCI International 2016
conference.

This conference would not have been possible without the continuous and unwa-
vering support and advice of the founder, Conference General Chair Emeritus and
Conference Scientific Advisor Prof. Gavriel Salvendy. For his outstanding efforts,
I would like to express my appreciation to the communications chair and editor of HCI
International News, Dr. Abbas Moallem.

April 2016 Constantine Stephanidis
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HCI International 2017

The 19th International Conference on Human-Computer Interaction, HCI International
2017, will be held jointly with the affiliated conferences in Vancouver, Canada, at the
Vancouver Convention Centre, July 9-14, 2017. It will cover a broad spectrum
of themes related to human-computer interaction, including theoretical issues, methods,
tools, processes, and case studies in HCI design, as well as novel interaction
techniques, interfaces, and applications. The proceedings will be published by
Springer. More information will be available on the conference website: http://2017.
hci.international/.

General Chair

Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece

E-mail: general_chair@hcii2017.org

http://2017.hci.international/

[m] 4 [=]
[=]FE


http://2017.hci.international/
http://2017.hci.international/

Contents — Part 1

Designing for and with the Elderly

Technologically Mature but with Limited Capabilities . . .. ... ..........

Yvonne Eriksson

Designing Poker Time: Older People as Fixpartners in a Co-design Process . . .

Linna Hu and Hua Dong

A Preliminary Exploration of Technology Necessities Among Elderly

Living Alone . . . ...

Lin-Ya Huang and Chang-Franw Lee

Understanding the Critical Needs of Older People: An Aging Perspective . . .

Ying Jiang, Timothy Joseph Jachna, and Hua Dong

Designing Tablet Computers for the Elderly A User-Centered Design

Approach. . .. ..

Nicole Jochems

Lowering the Threshold: Reconnecting Elderly Users with Assistive

Technology Through Tangible Interfaces . . ... ... ... ... ... ... .....

Suhas Govind Joshi and Heidi Brdthen

Development of the Accessibility Evaluation Platform Beyond

Digital Divide. . . . .. ...

Junji Ohyama

Scaffolding Digital Game Design Activities Grouping Older Adults,

Younger Adults and Teens. . . .. ... ...

Margarida Romero and Hubert Ouellet

RERC TechSAge: Making a Difference to the Lives of Older Adults

with Disability Through Design and Technology. .. ..................

Jon A. Sanford and Elena T. Gonzalez

To Meet the Needs of Aging Users and the Prerequisites of Innovators

in the Design Process: Lessons Learned from Three Pilot Projects. . . . ... ..

Marie Sjolinder, Isabella Scandurra, Anneli Avatare Néu,
and Ella Kolkowska

HCI Challenges for Consumer-Based Aging in Place Technologies . . . ... ..

Marjorie Skubic, Anup Mishra, Bradford Harris, Carmen Abbott,
Andrew Craver, Katy Musterman, and Marilyn Rantz

13

23

32

42

52

64

74

82

92


http://dx.doi.org/10.1007/978-3-319-39943-0_1
http://dx.doi.org/10.1007/978-3-319-39943-0_2
http://dx.doi.org/10.1007/978-3-319-39943-0_3
http://dx.doi.org/10.1007/978-3-319-39943-0_3
http://dx.doi.org/10.1007/978-3-319-39943-0_4
http://dx.doi.org/10.1007/978-3-319-39943-0_5
http://dx.doi.org/10.1007/978-3-319-39943-0_5
http://dx.doi.org/10.1007/978-3-319-39943-0_6
http://dx.doi.org/10.1007/978-3-319-39943-0_6
http://dx.doi.org/10.1007/978-3-319-39943-0_7
http://dx.doi.org/10.1007/978-3-319-39943-0_7
http://dx.doi.org/10.1007/978-3-319-39943-0_8
http://dx.doi.org/10.1007/978-3-319-39943-0_8
http://dx.doi.org/10.1007/978-3-319-39943-0_9
http://dx.doi.org/10.1007/978-3-319-39943-0_9
http://dx.doi.org/10.1007/978-3-319-39943-0_10
http://dx.doi.org/10.1007/978-3-319-39943-0_10
http://dx.doi.org/10.1007/978-3-319-39943-0_11

X1V Contents — Part 1

Towards Characteristics of Accessibility and Usability Issues for Older
People - A Brazilian Case Study. ... ........ ... ... ... ... ... ....
Sandra Souza Rodrigues, Renata Pontin de Mattos Fortes,
and André Pimenta Freire

Board Games and Regulars’ Tables — Extending User Centred Design

in the Mobia Project . . . .. ... .. .. L
Johannes Troger, Jan Alexandersson, Jochen Britz, Maurice Rekrut,
Daniel Bieber, and Kathleen Schwarz

User Involvement in Design: The Four Models. . . ...................
Bin Zhang and Hua Dong

Technology Use and Acceptance by Older Users

Risk and Benefit Perceptions: Resistance, Adoption and Uses of ICT
Among the Italian Elderly . .. ... ... ... ... .. . .. . . . ...
Simone Carlo and Matteo Vergani

A Tale of Two Divides: Technology Experiences Among Racially

and Socioeconomically Diverse Older Adults . . . .......... ... ... ....
Shelia R. Cotten, Jessica Francis, Travis Kadylak, R.V. Rikard,
Tim Huang, Christopher Ball, and Julia DeCook

The Role of Technology in Supporting Family Caregivers . ... ..........
Sara J. Czaja, Dolores Perdomo, and Chin Chin Lee

Acceptance of Cloud-Based Healthcare Services by Elderly
Taiwanese People . . . .. ...
Wen-Tsung Ku and Pi-Jung Hsieh

Over 60 and ICT: Exploring Factors that Affect Older Adults’ ICTs Usage. . .
Qi Ma, Alan Hoi Shou Chan, Pei-Lee Teh, and Shun-Nam Poon

The Role of Technology Self-efficiency on Technology Product
Acceptance and Usage: A Study on Chinese Older People . . . ... ........
Jing Pan, Hua Dong, and Weining Ning

The Transformation of Reading Among the Ageing Population
in the Digital Age. ... ... ... ..
Dobrinka Peicheva and Lilia Raycheva

Changing Patterns of ICT Use in Finland — The Senior Citizens’
Perspective. . . ..o e
Pekka Rdéisdinen and llkka Koiranen

Elders’ Perceptions on the Role of ICTs on Their Lives. . ... ...........
Charo Sadaba


http://dx.doi.org/10.1007/978-3-319-39943-0_12
http://dx.doi.org/10.1007/978-3-319-39943-0_12
http://dx.doi.org/10.1007/978-3-319-39943-0_13
http://dx.doi.org/10.1007/978-3-319-39943-0_13
http://dx.doi.org/10.1007/978-3-319-39943-0_14
http://dx.doi.org/10.1007/978-3-319-39943-0_15
http://dx.doi.org/10.1007/978-3-319-39943-0_15
http://dx.doi.org/10.1007/978-3-319-39943-0_16
http://dx.doi.org/10.1007/978-3-319-39943-0_16
http://dx.doi.org/10.1007/978-3-319-39943-0_17
http://dx.doi.org/10.1007/978-3-319-39943-0_18
http://dx.doi.org/10.1007/978-3-319-39943-0_18
http://dx.doi.org/10.1007/978-3-319-39943-0_19
http://dx.doi.org/10.1007/978-3-319-39943-0_20
http://dx.doi.org/10.1007/978-3-319-39943-0_20
http://dx.doi.org/10.1007/978-3-319-39943-0_21
http://dx.doi.org/10.1007/978-3-319-39943-0_21
http://dx.doi.org/10.1007/978-3-319-39943-0_22
http://dx.doi.org/10.1007/978-3-319-39943-0_22
http://dx.doi.org/10.1007/978-3-319-39943-0_23

Contents — Part 1

A Usability Research for Developing and Deploying Chronic Pain Relief

Treatment Applications for Older Adults . .. ......... ... ... ... .....

Wang-Chin Tsai, Chia-Ling Chang, and Cheng-Min Tsai

Understanding Age-Related Differences in Privacy-Safety Decisions:

Acceptance of Crime Surveillance Technologies in Urban Environments . . . .

Julia van Heek, Katrin Arning, and Martina Ziefle

Intentions to Use Smart Textiles in AAL Home Environments: Comparing

Younger and Older Adults . . . ... .. .. .

Martina Ziefle, Philipp Brauner, and Julia van Heek

Psychological and Cognitive Aspects of Interaction and Aging

Interactive, Multi-device Visualization Supported by a Multimodal

Interaction Framework: Proof of Concept. . ... ....... ... ... ... .....

Nuno Almeida, Samuel Silva, Beatriz Sousa Santos,
and Antonio Teixeira

The Gamification of Cognitive Training: Older Adults’ Perceptions of and

Attitudes Toward Digital Game-Based Interventions . . ................

Walter R. Boot, Dustin Souders, Neil Charness, Kenneth Blocker,
Nelson Roque, and Thomas Vitale

Age-Differentiated Analysis of the Hand Proximity Effect by Means

of Eye-Tracking . . . .. ... ... .

Christina Brohl, Sabine Theis, Matthias Wille, Peter Rasche,
Alexander Mertens, and Christopher M. Schlick

Combinations of Modalities for the Words Learning Memory Test

Implemented on Tablets for Seniors . ........... ... ... ... ... .....

Erika Hernandez-Rubio, Amilcar Meneses-Viveros,
Erick Mancera-Serralde, and Javier Flores-Ortiz

Exploring the Antecedents of Technostress and Compulsive Mobile

Application Usage: Personality Perspectives . . ... ...................

Kuo-Lun Hsiao, Chun-Hsiung Lee, Hsiu-Sen Chiang, and Ju-Yun Wang

Impact of Website Complexity and Task Complexity on Older Adult’s

Cognitive Workload on Mobile Devices. . .. .......................

Jincheng Huang and Jia Zhou

Experiencing Computer Anxiety Later in Life: The Role

of Stereotype Threat . . ... ... ... .. .

Loredana Ivan and loana Schiau

Control with Hand Gestures by Older Users: A Review. . ... ........ ...

Sheau-Farn Max Liang and Yun-Ju Becker Lee

XV

253


http://dx.doi.org/10.1007/978-3-319-39943-0_24
http://dx.doi.org/10.1007/978-3-319-39943-0_24
http://dx.doi.org/10.1007/978-3-319-39943-0_25
http://dx.doi.org/10.1007/978-3-319-39943-0_25
http://dx.doi.org/10.1007/978-3-319-39943-0_26
http://dx.doi.org/10.1007/978-3-319-39943-0_26
http://dx.doi.org/10.1007/978-3-319-39943-0_27
http://dx.doi.org/10.1007/978-3-319-39943-0_27
http://dx.doi.org/10.1007/978-3-319-39943-0_28
http://dx.doi.org/10.1007/978-3-319-39943-0_28
http://dx.doi.org/10.1007/978-3-319-39943-0_29
http://dx.doi.org/10.1007/978-3-319-39943-0_29
http://dx.doi.org/10.1007/978-3-319-39943-0_30
http://dx.doi.org/10.1007/978-3-319-39943-0_30
http://dx.doi.org/10.1007/978-3-319-39943-0_31
http://dx.doi.org/10.1007/978-3-319-39943-0_31
http://dx.doi.org/10.1007/978-3-319-39943-0_32
http://dx.doi.org/10.1007/978-3-319-39943-0_32
http://dx.doi.org/10.1007/978-3-319-39943-0_33
http://dx.doi.org/10.1007/978-3-319-39943-0_33
http://dx.doi.org/10.1007/978-3-319-39943-0_34

XVI Contents — Part 1

A Preliminary Study on How the Icon Composition and Background
of Graphical Icons Affect Users’ Preference Levels. ... ...............
Hsuan Lin, Yu-Chen Hsieh, and Wei Lin

Tests of Cognitive Training as Archetypes in Elderly People: Identifying
Design Categories for Cognitive and Communicative Interaction. . ... .....
Claudia Isabel Rojas R. and Juan Alberto Castillo M.

Eye Movements on Assessing Perceptual Image Quality ... ............
Cheng-Min Tsai, Shing-Sheng Guan, and Wang-Chin Tsai

A Study of Human Behavior and Mental Workload Based on Neural
Network. . . .o
Lan Xiao, Jing Qiu, and Jun Lu

Mobile and Wearable Technologies for the Elderly

Designing a Smart Watch Interface for a Notification and Communication
System for Nursing Homes . . ......... ... .. .. .. ... . .. .. .. .....
Haneen Ali and Huiyang Li

Tactile Interaction for Novice User: Uncolocated Gestures . . . . ..........
Denis Chéne, Vincent Pillot, and Marc-Eric Bobillier Chaumon

Lynne Coventry and Pam Briggs

The Effect of Screen Size of Mobile Devices on Reading Efficiency. ... ...
Yu-Chen Hsieh, Chien-Ting Kuo, and Hsuan Lin

Design of Smart Watch for Old People Based on the Benchmark
of Consumers’ Kansei Intention . . ......... ... ... ... ... .......
He Huang, Yixiang Wu, Jianxin Cheng, and Minggang Yang

A Study of the Factors Affecting the Usability of Smart Phone Screen
Protectors for the Elderly . . . . ... ... ... .. . ..
Shuo-Fang Liu, Ching-Fen Chang, Ming-Hong Wang, and Hsin-Hsi Lai

Effect of Icon Amount and Visual Density on Usability of Smartwatches. . . .
Fan Mo, Shuping Yi, and Jia Zhou

Generational Comparison of Simultaneous Internet Activities Using
Smartphones and Computers. . . . . ... ..t
Andrea Rosales and Mireia Ferndndez-Ardeévol


http://dx.doi.org/10.1007/978-3-319-39943-0_35
http://dx.doi.org/10.1007/978-3-319-39943-0_35
http://dx.doi.org/10.1007/978-3-319-39943-0_36
http://dx.doi.org/10.1007/978-3-319-39943-0_36
http://dx.doi.org/10.1007/978-3-319-39943-0_37
http://dx.doi.org/10.1007/978-3-319-39943-0_38
http://dx.doi.org/10.1007/978-3-319-39943-0_38
http://dx.doi.org/10.1007/978-3-319-39943-0_39
http://dx.doi.org/10.1007/978-3-319-39943-0_39
http://dx.doi.org/10.1007/978-3-319-39943-0_40
http://dx.doi.org/10.1007/978-3-319-39943-0_41
http://dx.doi.org/10.1007/978-3-319-39943-0_42
http://dx.doi.org/10.1007/978-3-319-39943-0_43
http://dx.doi.org/10.1007/978-3-319-39943-0_43
http://dx.doi.org/10.1007/978-3-319-39943-0_44
http://dx.doi.org/10.1007/978-3-319-39943-0_44
http://dx.doi.org/10.1007/978-3-319-39943-0_45
http://dx.doi.org/10.1007/978-3-319-39943-0_46
http://dx.doi.org/10.1007/978-3-319-39943-0_46

Contents — Part 1 XVII

Using the Smartphone to Support Successful Aging: Technology

Acceptance with Selective Optimization and Compensation

Among Older Adults. . .. ... .. ... .. .. 490
Yao Sun, Margaret L. McLaughlin, and Michael J. Cody

Author Index . . . ... ... . . ... . . e 501


http://dx.doi.org/10.1007/978-3-319-39943-0_47
http://dx.doi.org/10.1007/978-3-319-39943-0_47
http://dx.doi.org/10.1007/978-3-319-39943-0_47

Contents — Part 11

Smart and Assistive Environments

Design Research on Self-service Medical Apparatus and Instruments
Aiming at Elderly Users. . . .. ... .. .. .
Jieqiong Huang

Gamification and Information Fusion for Rehabilitation:

An Ambient Assisted Living Case Study . . .. ......... ... ... ... ....
Javier Jiménez Alemdn, Nayat Sanchez-Pi, Luis Marti,
José Manuel Molina, and Ana Cristina Bicharra Garcia

Dynamic Characteristics of the Transformation of Interpersonal Distance
N COOPETation . . . . ..ottt e e
Yosuke Kinoe and Nami Mizuno

Analysis of Elderly Users’ Preferences and Expectations on Service

Robot’s Personality, Appearance and Interaction. . . ..................
Styliani Kleanthous, Christophoros Christophorou, Christiana Tsiourti,
Carina Dantas, Rachelle Wintjens, George Samaras,
and Eleni Christodoulou

Socio-Technical Challenges in Implementation of Monitoring Technologies
inElderly Care. ... ... ... . .. .
Ella Kolkowska, Anneli Avatare Nou, Marie Sjolinder,
and Isabella Scandurra

Developing BIM-Enabled Facility Management Information System
in Interior Design . . . ... ...
Ju-Hung Lan

A Study on Re-usage of Historical Building - from the Aspect of Room
Acoustic for Live House . . . ... .. .. .. .
Wei Lin, Hsuan Lin, Kung-Huang Huang, and Tin-Hang Lin

Identification of an Individual’s Frustration in the Work Environment
Through a Multi-sensor Computer Mouse . .. ......................
David Portugal, Marios Belk, Jodo Quintas, Eleni Christodoulou,
and George Samaras

Multi-sensory Cyber-Physical Therapy System for Elderly Monitoring. . . . . .
Md. Abdur Rahman


http://dx.doi.org/10.1007/978-3-319-39949-2_1
http://dx.doi.org/10.1007/978-3-319-39949-2_1
http://dx.doi.org/10.1007/978-3-319-39949-2_2
http://dx.doi.org/10.1007/978-3-319-39949-2_2
http://dx.doi.org/10.1007/978-3-319-39949-2_3
http://dx.doi.org/10.1007/978-3-319-39949-2_3
http://dx.doi.org/10.1007/978-3-319-39949-2_4
http://dx.doi.org/10.1007/978-3-319-39949-2_4
http://dx.doi.org/10.1007/978-3-319-39949-2_5
http://dx.doi.org/10.1007/978-3-319-39949-2_5
http://dx.doi.org/10.1007/978-3-319-39949-2_6
http://dx.doi.org/10.1007/978-3-319-39949-2_6
http://dx.doi.org/10.1007/978-3-319-39949-2_7
http://dx.doi.org/10.1007/978-3-319-39949-2_7
http://dx.doi.org/10.1007/978-3-319-39949-2_8
http://dx.doi.org/10.1007/978-3-319-39949-2_8
http://dx.doi.org/10.1007/978-3-319-39949-2_9

XX Contents — Part 11

A Virtual Testbed for Studying Trust in Ambient Intelligence Environments. .. 101
Azin Semsar, Morteza Malek Makan, Ali Asghar Nazari Shirehjini,
and Zahra Malek Mohammadi

Smart Living for Elderly: Design and Human-Computer Interaction

Considerations . . ......... ... 112
Ranjana Sharma, Fiona Fui-Hoon Nah, Kavya Sharma,
Teja Satya Sai Santosh Katta, Natalie Pang, and Alvin Yong

Usability Assessment of a Virtual Fitness Platform on Smart TV for Elderly
Health Promotion . . ........ ... . ... . . . ... 123
Chao-Hua Wang

Introduction of Telecare Mediated Home Care Services Pushes Forward
a Re-Delegation of the Cooperative Care Work. . . . ........ ... ... .... 133
Anita Woll

Interaction Design of Products for the Elderly in Smart Home Under the
Mode of Medical Care and Pension. . . .. ......... ... ... ... ....... 145
Minggang Yang, He Huang, Haozhou Yuan, and Qichao Sun

Aging and Social Media

Ageism and IT: Social Representations, Exclusion and Citizenship in the
Digital Age . ... ... 159
Ines Amaral and Fernanda Daniel

Elder Adults Utilizing Social Networking Sites on Mobile Platforms. . ... .. 167
Jessica Arfaa and Yuangiong (Kathy) Wang

The Elderly, IT and the Public Discourse. Representations of Exclusion
and Inclusion . . . ... ... 176
Piermarco Aroldi and Fausto Colombo

Elderly and IT: Brand Discoursesonthe Go . ...................... 186
Karine Berthelot-Guiet

Using Information and Communication Technologies to Promote Healthy
Aging in Costa Rica: Challenges and Opportunities. . . ... ............. 194
Maria Dolores Castro Rojas, Ann Bygholm, and Tia G.B. Hansen

The Mediations of the Identity of Seniors on IT. The Case of Grand
Parenthood. . . . . ... .. 207
Elodie Llobet-Vachias and Yves Jeanneret

Senior Citizens, Digital Information Seeking and Use of Social Media
for Healthy Lifestyle . . . . ... ... . . 217
Agiista Palsdottir


http://dx.doi.org/10.1007/978-3-319-39949-2_10
http://dx.doi.org/10.1007/978-3-319-39949-2_11
http://dx.doi.org/10.1007/978-3-319-39949-2_11
http://dx.doi.org/10.1007/978-3-319-39949-2_12
http://dx.doi.org/10.1007/978-3-319-39949-2_12
http://dx.doi.org/10.1007/978-3-319-39949-2_13
http://dx.doi.org/10.1007/978-3-319-39949-2_13
http://dx.doi.org/10.1007/978-3-319-39949-2_14
http://dx.doi.org/10.1007/978-3-319-39949-2_14
http://dx.doi.org/10.1007/978-3-319-39949-2_15
http://dx.doi.org/10.1007/978-3-319-39949-2_15
http://dx.doi.org/10.1007/978-3-319-39949-2_16
http://dx.doi.org/10.1007/978-3-319-39949-2_17
http://dx.doi.org/10.1007/978-3-319-39949-2_17
http://dx.doi.org/10.1007/978-3-319-39949-2_18
http://dx.doi.org/10.1007/978-3-319-39949-2_19
http://dx.doi.org/10.1007/978-3-319-39949-2_19
http://dx.doi.org/10.1007/978-3-319-39949-2_20
http://dx.doi.org/10.1007/978-3-319-39949-2_20
http://dx.doi.org/10.1007/978-3-319-39949-2_21
http://dx.doi.org/10.1007/978-3-319-39949-2_21

Contents — Part II XXI

Concepts, Terms, and Mental Models: Everyday Challenges to Older Adult
Social Media Adoption . ... ..... ... ... ... 227
Kelly Quinn, Renae Smith-Ray, and Kristin Boulter

Older People’s Use and Learning of New Media: A Case Study on Remote
Rural Villages in Finnish Lapland. . . . ... .. ... ... ... ... ... ..... 239
Pdivi Rasi and Arja Kilpeldinen

Improving User Experience and Engagement for Older Adults:

ACase Study . . . .ot 248
Krysta Hedia Salera, Pejman Salehi, Neel Desai, Lia E. Tsotsos,
and Kathryn Warren-Norton

Understanding Mobile SNS Usage for Aging People in China:
A Perspective from Motivations, Trust and Attitude ... ............... 256
Zhongping Zeng, Liu Liu, Ye Han, and Zhaoyin Liu

Aging, Learning, Training and Games

Operational Assistance for Elderly People Using a Rhythm System. . ... ... 269
Hiroko Akatsu and Akinori Komatsubara

You Can(’t) Teach an Old Dog New Tricks: Analyzing the Learnability
of Manufacturing Software Systems in Older Users. . .. ............... 277
Katrin Arning, Simon Himmel, and Martina Ziefle

Designing a Web-Based Application to Train Aging Adults to Successfully
Use Technologies Important to Independent Living. . . ................ 289
Ronald W. Berkowsky, Sara J. Czaja, and Philip D. Harvey

Exploring the Relationship Between Computer Proficiency and Computer

Use Over Time in the PRISM Trial. . . .. ........ ... ... ... ... ..... 300
Walter R. Boot, Joseph Sharit, Sara J. Czaja, Neil Charness,
and Wendy A. Rogers

Exploring the Next Generation of Older Gamers: Middle-Aged Gamers. . . . . 308
Julie A. Brown

Mobile Learning Concepts for Older Adults: Results of a Pilot Study
with Tablet Computers in France and Germany. . ... ... .............. 319
Eline Leen-Thomele, Sonia Hetzner, and Paul Held

Eugene Loos and Annemiek Zonneveld

Teaching Older Adults with Multiple Chronic Conditions to Use a Tablet
and Patient Application for Health Management . . . ... ............... 342
Rony Oosterom-Calo and Benjamin Lopez


http://dx.doi.org/10.1007/978-3-319-39949-2_22
http://dx.doi.org/10.1007/978-3-319-39949-2_22
http://dx.doi.org/10.1007/978-3-319-39949-2_23
http://dx.doi.org/10.1007/978-3-319-39949-2_23
http://dx.doi.org/10.1007/978-3-319-39949-2_24
http://dx.doi.org/10.1007/978-3-319-39949-2_24
http://dx.doi.org/10.1007/978-3-319-39949-2_25
http://dx.doi.org/10.1007/978-3-319-39949-2_25
http://dx.doi.org/10.1007/978-3-319-39949-2_26
http://dx.doi.org/10.1007/978-3-319-39949-2_27
http://dx.doi.org/10.1007/978-3-319-39949-2_27
http://dx.doi.org/10.1007/978-3-319-39949-2_28
http://dx.doi.org/10.1007/978-3-319-39949-2_28
http://dx.doi.org/10.1007/978-3-319-39949-2_29
http://dx.doi.org/10.1007/978-3-319-39949-2_29
http://dx.doi.org/10.1007/978-3-319-39949-2_30
http://dx.doi.org/10.1007/978-3-319-39949-2_31
http://dx.doi.org/10.1007/978-3-319-39949-2_31
http://dx.doi.org/10.1007/978-3-319-39949-2_32
http://dx.doi.org/10.1007/978-3-319-39949-2_33
http://dx.doi.org/10.1007/978-3-319-39949-2_33

XXII Contents — Part II

Family Matters: The Role of Intergenerational Gameplay
in Successful Aging. . . ... .. ...
Sanela Osmanovic and Loretta Pecchioni

Coping with Ageing Issues: Adoption and Appropriation of Technology
by Older Adults in Singapore. . .. ... .t
Natalie Pang, Xue Zhang, Pei Wen Law, and Schubert Foo

Aging, Mobility and Driving

Immersive Virtual Reality Simulation as a Tool for Aging and Driving
Research . ... ... ..
Christopher R. Bennett, Richard R. Corey, Uro Giudice,
and Nicholas A. Giudice

Ensuring the Safety and Accessibility of Transportation for an Aging
Population . . . .. ...
Walter R. Boot, Kimberly Barajas, Ainsley Mitchum, Cary Stothart,
and Neil Charness

Rethinking Public Transport Services for the Elderly Through a
Transgenerational Design Approach. . ... ........ ... ... ... ... ....
Roberta Grimaldi, Antonio Opromolla, Giovanni Andrea Parente,
Eliseo Sciarretta, and Valentina Volpi

Transportation Accessibility Assessment of Critical Emergency Facilities:
Aging Population-Focused Case Studies in Florida . ... ...............
Ayberk Kocatepe, Eren Erman Ozguven, Hidayet Ozel, Mark W. Horner,

and Ren Moses

The Flashing Right Turn Signal with Pedestrian Indication: A Human
Factors Study to Assess Driver Comprehension. . . .. .................
Nelson A. Roque, Walter R. Boot, Neil Charness, Kimberly Barajas,
Jared Dirghalli, and Ainsley Mitchum

Challenges of Older Drivers’ Adoption of Advanced Driver Assistance
Systems and Autonomous Vehicles. . .. ......... ... ... .. ... .. ..
Dustin Souders and Neil Charness

Age Effects on Inattentional Blindness: Implications for Driving. . .. ... ...
Cary Stothart, Walter Boot, Daniel Simons, Neil Charness,
and Timothy Wright

Author Index . ... .... .. ... . .. . . . e


http://dx.doi.org/10.1007/978-3-319-39949-2_34
http://dx.doi.org/10.1007/978-3-319-39949-2_34
http://dx.doi.org/10.1007/978-3-319-39949-2_35
http://dx.doi.org/10.1007/978-3-319-39949-2_35
http://dx.doi.org/10.1007/978-3-319-39949-2_36
http://dx.doi.org/10.1007/978-3-319-39949-2_36
http://dx.doi.org/10.1007/978-3-319-39949-2_37
http://dx.doi.org/10.1007/978-3-319-39949-2_37
http://dx.doi.org/10.1007/978-3-319-39949-2_38
http://dx.doi.org/10.1007/978-3-319-39949-2_38
http://dx.doi.org/10.1007/978-3-319-39949-2_39
http://dx.doi.org/10.1007/978-3-319-39949-2_39
http://dx.doi.org/10.1007/978-3-319-39949-2_40
http://dx.doi.org/10.1007/978-3-319-39949-2_40
http://dx.doi.org/10.1007/978-3-319-39949-2_41
http://dx.doi.org/10.1007/978-3-319-39949-2_41
http://dx.doi.org/10.1007/978-3-319-39949-2_42

Designing for and with the Elderly



Technologically Mature
but with Limited Capabilities

Yvonne Eriksson®™?
Information Design, Milardalen University, Vésteras, Sweden
yvonne. eriksson@mdh. se

Abstract. A growing population of elderly people with an extensive knowl-
edge of ICT is to be expected — a generation that has several decades of daily
experience from using computers, cell phones and other devices at work situ-
ations and in their spare time. Today the discussion of elderly people and
technology is dominated by the perception that the elderly are comparatively
inexperienced with regard to digital technology. The challenge for the future is,
however, to overcome the gradual loss of the senses with the help of technical
devices that fulfill the needs of older technologically mature users.

Keywords: Users - Categorization - Design thinking - Phenomenology

1 Introduction

Interaction Design, Ergonomic Design and Information Design are only a few exam-
ples of fields that claim they use a human-centered perspective in order to take the
users’ needs into consideration while designing e.g. interfaces, work spaces or infor-
mation that support people’s ability to access information, and to support communi-
cation between artifacts and individuals. Even though the human-centered perspective
is crucial for these areas and for putting the user in focus, it is necessary to problematize
the concept of user. The ISO standards for users (ISO 134 07) and usability (ISO
9241-11) reflect the complexity when it comes to human-centered design and
user-centered design in relation to usability [1]. In order to avoid a too limited per-
spective on users and situations, it is necessary to take both cognitive and sociocultural
aspects into consideration.

The lack of a definition of user has been discussed by some scholars [2], but there is
no discussion regarding the categorizations of users in terms of factors such as age, sex,
and ethnicity. While conducting research where users are involved in different ways,
one has to start by identifying the context and the situation before identifying the user.
Sometimes the group of users is more limited than it appears at first glance. Websites
showing train timetable will be visited by very few categories of users if only the
situations are taken into consideration: people that travel often and want to make sure
that the timetable has remained the same, the ones traveling only now and then, and the
very infrequent travellers. What they all have in common, no matter their age, sex,
ethnicity or disability, is their wish to find out when the train is leaving. This trivial
example will work as an introduction to a discussion about the problem of categorizing
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users without adopting a holistic perspective. In some cases it is obvious who the users
are, especially if the research is done in collaboration with an organization, but still the
users’ needs have to be identified.

Even though the concept of user is not defined, user- and human-centered per-
spectives claim that they focus on users’ needs [3, 4]. Since a definition of user and a
deeper analysis of user is missing in most cases, there is a tendency to group people
into several categories such as sex, age, sexuality, ethnicity or with regard to disabil-
ities. Users are often chosen ad hoc and rarely problematized in relation to categories
such as those just mentioned [3, 4]. These categories make sense for some situations
but not for most. When taking a theoretical and interdisciplinary perspective on human-
and user-centered design, it is easy to find the pitfalls, especially if this is combined
with design thinking where the purpose is to create new value, with no prior
assumption as to what and how an artifact should be created [5]. This requires a focus
on a specific situation or system rather than fixed categories of users.

From a theoretical perspective, this paper will discuss the problem of categorizing
users in general and in relation to age and ICT. Age is a very vague category and based
on the mapping of both visible characteristics and behavior. Age means ageing, but
how this is experienced is individual and could be explained from a phenomenological
perspective [6]. By bringing up some aspects of how the understanding of gender, age,
sexuality, and ethnicity or disabilities have an impact not only on how we perceive a
group but also the self image, this paper will problematize how well-intention can
contribute to stigmatization of groups.

2 Categorization and Mapping

Getting older is not only to reach a new age; it is connected to the experience of the
environment and of limitations of various kinds. How such limitations will affect
people is dependent on individual bodily changes, which have an emotional impact on
individuals since they will affect daily life, but also behavior. The changes take dif-
ferent forms and do not necessarily involve intellectual capacity, but also aspects such
as hearing, eyesight and fine motor skills. It is a continuous oscillation between the
experience of bodily limitations and environmental expectations. It also includes
self-reflection [7] and the ability to live up to the environment’s expectations. When
defining a group and then involving them in the design process or in a testing situation,
they will know that they belong among the intended users of the product or service.
The people that are addressed will either do their best to fulfill the environment’s
expectations based on the category they are selected for, or try to perform as well as
possible, or disqualify the product or service. It could also be a combination of these
behaviors, but the classification based on age, sex or ethnicity will have an impact on
their self-reception as well as the designers’ or researchers’ understanding of the
individuals in the categorized group. While selecting criteria for users, one relates to a
historical tradition of grouping and categorization.

Mapping and categorizing is a way to understand the environment, in a systematic
way that facilities learning about different phenomena and identifying criteria for
research. There has been an interest in the meaning of the concept of mapping and its
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impact on our way of thinking and how it influences understanding and behavior. Denis
Cosgrove wrote: To map is in one way or another to take the measure of a world, and
more than merely take it to figure the measure so taken in such a way that it may be
communicated between people, places or time. The measure of mapping is not
restricted to the mathematical; it may equally be spiritual, political or moral. By the
same token, the mapping’s record is not confined to archival; it includes the remem-
bered, the imagined, the contemplated [8]. By systematic categorization of users (e.g.
within ICT, Ergonomics, Information Design) into predefined categories that rest on
stereotypic preconceptions, the user that designers or design researchers are looking for
could easily be missed or left out.

Mapping and categorization have been a powerful and influential tool for the
organization of knowledge, thinking, planning and conducting research. To understand
the impact of categorization one has to adopt a historical perspective. In the 17th
century, while the need to understand the environment grew, and science with it,
categorization and mapping became tools to organize and define important historical
phenomena as well as species and objects vital for S&T. This took place in universities
and in cabinets for collections (Peter the Great’s cabinet in St Petersburg is one
example) and the very first science museums. According to the French philosopher
Michel Foucault, categorization was a way to control the field of knowledge and by
extension science and thinking [9]. In order to map and categorize living species and
objects, the single parts or artifacts needed to be defined beforehand. The species or
parts that did not fulfill the criteria were either left out or given a description that fit a
specific criterion [9] On the basis of description, depiction and placing in a specific
category the species or object would then be perceived as belonging to that category
[9]. The artifacts/species that did not fit into a specific category tended to become
‘non-existing’ and were forgotten [10]. This is very typical when it comes to historical
events or objects, especially when it comes to artifacts created by groups with less
influence in society, like women and people from non-western countries [10]. Leaving
out artifacts made by groups with less status in society is a kind of stigmatization. By
keeping this in memory one can ask what happens when we define users in terms of age
and assign certain qualities to an age group. From history we can learn about the risks
of using definitions of users that are too strict and stereotypical. While loosening the
categories the mapping system will become more complex and several mappings of
groups and phenomena are required.

3 Defining Users

When a designer or a design researcher defines an intended user for his or her product
they need to narrow down the group of users, e.g. to one defined in terms of sex or
special needs caused by disabilities. The needs or requirements for the defined group
could be found in previous research made in other areas such as cognitive psychology
or behavior psychology where average living conditions and needs are defined. It
should be kept in mind, however, that the intentions with this kind of research are
different from those in design situation. Since the description of different groups
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is widely flowering, even the groups themselves adapt the understanding of their needs
or limitations. It is a part of the internalization of external expectations.

Pre-understanding and assumptions about people affect not only how we under-
stand other groups but also how we understand ourselves. Claims such as “young
people do not read manuals but look for instructions on YouTube” imply that the
elderly do it differently. This in turn raises questions about the definition of “young
people” and until what age someone is young and when one becomes elderly. These are
concepts that are used with a considerable confidence but based on old definitions. In
some contexts, e.g. advertising, life will start after retirement, or at least retirees are
assumed to be active consumer of travels, exclusive dinners etc., but when it comes to
ICT the same age group is often defined as an immature user of such technology.

If you can’t make it, fake it. The saying is about more than pretending that you are
better than you are; it also says something about how we create our identity. To create
an identity takes time; it is something one grows into, step by step, but it also changes
over time. Every age, profession, civil status, living area etc. affects an individual’s
identity. This could be explained by the fact that we interact with our environment and
the tools that surround us; everything we do is cognitively situated. But it takes time:
we do not adopt to an identity by going from one age to another, or by moving or
changing job; the new role has to be internalized in the interaction between the indi-
vidual and the environment, but also with the expectations that come from a specific
age, position or social status — expectations that are often based on fixed categories and
specifications. To internalize an age in the sense that one gets a deeper understanding of
other needs than earlier in life takes time. It is not for sure that one recognizes a hearing
problem or even bad eyesight, for example, until it causes other problems.

3.1 Categorization and Expected Behavior

Categorization is not exclusively related to static characteristics such as, appearance but
also very much to behavior and expected behavior. Grouping people in terms of age,
sex or ethnicity often implies that a specific behavior is expected. When an individual
accepts to be involved in a design process or testing situation, they also agree to the
classification and will often act as a representative for the group. This can be expressed
in different ways, e.g. this is not something I care for but I am sure that others in my
age/situation etc. do. This could also be explained by that they are taking a role as.
When Goffman brought up the idea about the performative self, he was focusing on
people’s need to perform well and to play a role to impress or please people they meet
[11] doing so he brought the meaning of roles in daily life, and this includes a testing
situation or when individuals take part in a design process. In many situations people
protect themselves against failure by telling from the very beginning that they are not
interested or capable. The excuses they give are often based on preconceptions
regarding aspects such as age or sex. Since different categories are associated with
specific behavior, such excuses are accepted and will not affect the
interpretation/understanding of the concrete individual. This also entails the opposite:
if, for example, a young person tells that (s)he is not familiar with ICT, this will not be
accepted as a natural statement.
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3.2 Individuals vs. Groups

The relationships between a group of users and individuals are complex. Interestingly,
in discussions of groups of users, it is often brought up that every single individual has
different needs, yet at the same time users are categorized in groups. In that context it is
often pointed out that a person may have a disability but is not disabled because cause
of that. Such a statement is often regarded as politically correct, but not necessarily
taken seriously. In research with a focus on human interaction or human- or
user-centered design, it is important to take such a statement seriously, however.
Otherwise there is a risk of users being regarded as the other, to use a term from gender
and post-colonial studies [10] i.e. someone with supposedly fixed characteristics that
will be looked at from an outside position. Instead, it is necessary to find new ways to
define users and to group people in other ways than earlier. Consider sex and gender,
where sex is biological while gender is a social construction based on expectations of
specific behavior in relation to biological sex (though later research indicates that it is
problematic even to define sex on biological grounds) [12]. If the elderly could be
defined as more experienced in a specific area, we will have groups of users with
different ages but more or less the same user history, and other criteria will become
more crucial, such as what talent is needed for a specific activity. The user group will in
such cases be more heterogeneous in terms of, for example, biological age, gender,
ethnicity and disabilities. The focus will be on how to facilitate for the users and make
an interface for ICT, an artifact or a service useable.

4 Phenomenology and Situated Experience

From a phenomenological perspective, we perceive and orient ourselves in the envi-
ronment by using our body; in that sense the condition of the body affects how we
understand the environment [6]. That means that getting older also changes the way
that we experience life in terms of what we perceive and how we interact with the
environment. What we perceive and how depends on an interaction between physio-
logical conditions, previous knowledge, culture and context. This will have conse-
quences for users’ involvement, if tests and studies are carried out in a lab. By bringing
users out of their natural contexts, they will experience a given design or product in a
different way [14].

The difference between a test situation and a daily context/situation will have
impact on the users’ experiences of a product. The relation between test or design
situations and a future implementation will have an effect on e.g. digital factory layout
and planning (on going project). The experience of the environment is a bodily one. By
combining a phenomenological perspective with working memory, episodic memory
and semantic memory, it is obvious that a person that has long experience of something
is also more mature in many respects. We learn to see and interpret visuals, but the
adequate interpretation of visual representations of milieus requires experience. To be a
skilled computer game player does not automatically create visual interpretation skills
outside of the game. It is something that one learns over time. A mature user of ICT or
one familiar with a specific kind of visuals could feel uncomfortable in new contexts,
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which could negatively affect the desire or ability to change behavior. Since all memory
is not stored intellectually but in the body, it is sometimes hard to change a physical
behavior [13].

Experience from real environments and work situations is required, as it visual
literacy, i.e. the ability to relate a visual representation/presentation to a planned reality.
Sizes, relations, level of noise or lightning are often hard to transpose from the screen
into reality with the help of the imagination. The theory of situated cognition maintains
that human thoughts and actions are adapted to the environment. It is situated because
what people perceive and how they perform is affected by the context and the situation
[14]. That is to be taken into consideration when using age as a category in connection
with ICT usage: there are those who lack experience and those who don’t.

4.1 Ageing

If ageing is regarded as a phenomenological process, it is something that individuals
grow into. Emotionally, most people do not feel that they become older, but at the same
time they experience changes such as physical limitations and altered appearance. The
change in appearance is not something that individuals recognize daily while looking in
the mirror; what most people see when they meet their face in the mirror is the mental
image of themselves. Often they recognize ageing only when looking at pictures of
themselves that provide them with an external perspective. That means that the
self-image does not always agree with how the environment perceives an individual,
and there can also be a mismatch between self-expectations and expectations from the
environment.

Ageing is a slow process for most people. Single individuals do not necessarily
realize that they have bad eyesight or limited hearing. What they experience is
annoyance when using ICT, for example. The interface is badly designed and the sound
is not clear enough. That leads to frustration in many cases and less interest in using
different devices, but also in watching television or listening to the radio. What we are
dealing with here is challenges with regard to loss in sensorial capabilities.

The share of the population that is over 65 years old increases in Western countries.
This is caused by the baby boom after the Second World War and because of an
improved standard of living: people live longer and have an active life after retirement.
The average education level of the generation born during the 1940s is high, and they
also belong to the first generation that was introduced to and used computers. They
have experience from the first Internet connections made by phone, and later from
broadband and now Wi-Fi. Upon turning 65, they suddenly belong to a group that is
looked upon as digitally immature. They had previously also been introduced to
television and have experience of many generations of telephones from rotary phones
to smartphones, so the number of technical innovations they have been through during
their lifetime is considerable. How come, then, that they are regarded as digitally
immature after turning 65? Note that the opposite also applies, i.e. the expectation that
all young people are technically mature since they are assumed to play computer
games.
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It has recently been stated that the elderly are typically defined as those 65 years old
or older and that they are the fasted growing segment of the population [15]. Their
share is expected to increase over the next 25 years: in the USA alone they will increase
by 80 % [15]. If this trend continues, a digitally mature population over 65 years is to
be expected, including people that have used digital devices of different kinds since
they were children. In addition, we will probably have growing numbers of elderly
people that are still active and even work full time. Therefore, the challenge for the
future is not to develop devices for technologically immature elderly ICT users but for
mature ones.

5 Intended Users and Actual Users

How can we know that the intended users will be the actual users? Is it because they
believe so themselves? Or do the users live up to the designer’s expectation of the
users’ needs for the redesign of a product or a new one? Research indicates that people
are not aware of why they make decisions and especially not when they are put into
situations where they are asked to make choices [16]. In design situations where users
are involved either as part of a reference group or in the design process, they are often
told why they are chosen. The challenge is to identify the actual needs and the usability
of a product or service. Since most people are aware of conventional expectations of
specific groups they will probably live up to the expectation by giving voice to the
group and putting their own experience aside.

As early as 1985, Harker and Eason [17] brought up the problem with user
involvement when it comes to identifying their needs. They identified three areas,
which are critical:

e The extent of task uncertainty or task entropy, enabling an assessment of variability
in the task on different occasions. This variability may be due to stimulation con-
ditions, goals, users’ discretion or task environment.

e The openness of the task, which, apart from other considerations, will mean that the
as can continue to provide opportunities for the task performer to learn no matter
how skilled he may become.

e Task discretion as reflection by the level and extent of choice available to the
performer of the task.

They found that a much broader view of user requirements must be taken if usable
and acceptable systems are to result [17]. ISO 13407 was established in 1999 and
provides guidance for human-centered design processes for interactive systems [1]. It
describes use abilities at the level of principles rather than in detail, as compared to the
literature on methodology [1]. The relationship between human-centered and user-
centered design and usability is complex. In addition, usability is also connected to
motivations among users; this is often crucial when introducing new devices or systems
for people that are satisfied with a current product or system. This is often mixed up
with the ability to learn and use new devices or systems. The standard definition of
usability is effectiveness, efficiency and satisfaction, aspects that have to be evaluated
in the situation where the system is used. Effectiveness is considered the accuracy and
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completeness with which users achieve specified goals, while efficiency can be defined
as the resources expended in relation to the accuracy and completeness with which
users achieve goals. Satisfaction, finally, is understood to be freedom from discomfort
and a positive attitude to using the product [1]. Also important are the context and the
situation of use; this is often defined as the characteristics of the user in relation to the
organizational and physical environment [1]. Following the analysis of ISO 13407 and
ISO 9241-11 by Jokela et al. [1] which problematize the vague definition of user,
usability and human-centered and user-centered design, it becomes obvious that age is
a non-accurate way to characterize users, but also that a holistic perspective is missing.

5.1 Design Thinking and User Involvement

Design thinking strives for a holistic perspective. It is an iterative process making use
of prototyping and mock-ups. It includes the user in the process, and sometimes the
users themselves can come up with design suggestions, where the designer’s role will
be to fulfill the users’ ideas. What is crucial for design thinking is the desired value. It
could be inclusive accessible ICT. What does inclusive mean? It means that everyone
can use software or devices or have access to a webpage since the interface is possible
to navigate independent of sight problems, dyslexia or motoric limitations, for example.

The first step using a design thinking perspective is to define the problem. This
could also be described as framing, which is considered unique for design theory.
There exist two ways of defining a frame in a design context: as a product of mental
knowledge and meaning structures or as a product of social symbolic structures [5].
Why are people not satisfied with a product or situation? What is the problem? It is not
always what one thinks. Do the pay channels have a complicated interface or is it the
remote control that has too small buttons and unreadable text on the buttons that make
the pay channels inaccessible for people of advanced age? The next step is to identify
many options or ideas for how to solve the problem, while a third step includes refining
the solutions or ideas. It is a cycle that involves the ideation and refinement of solu-
tions, which adds to the problem content, and refining or re-framing the understanding
of the problem. The last part is to execute the best solution for the problem [5, 18]. This
is an iterative process and requires openness from the very beginning while formulating
the problem. If one gets stuck in categorizations, e.g. if a user group is defined in terms
of age, it is easy to explain the problem from the perspective that they are digitally
immature and therefore have problems with accessing the pay channels; yet it could
easily be the design of the remote control that causes the problem.

6 Conclusions

With good intentions, human-centered design and user-centered design focus on dif-
ferent groups of users, often with the idea to include and involve larger groups of
people as users of ICT. The result is less successful since categorizations build on
stereotypic ideas about what could be expected from people of different age or with
some kind of disability. By focusing on the situation instead of the context the user
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situation will be narrowed down and using a design thinking perspective will provide a
more holistic perspective where the problem is the first to the first thing to be identified,
as well as the desired value, rather than trying to solve what is expected to be the
problem. When developing digital devices and creating interfaces with a focus on
elderly people, it is necessary to take a holistic perspective and realize that the chal-
lenge for the future is to over bridge the lost of senses capacity and the need of
technical devices that full fill the needs among older technical mature users.

By bringing together different perspectives on users and users’ expected needs in
relation to the categorization and mapping of different target groups, this paper has
brought up a range of problems that need to be taken into consideration. Human- and
user-centered design need to broaden their concepts and involve a design thinking
perspective that involves framing of the problem: a holistic perspective that combines
the cognitive and perceptual aspects involved in the interpretation and use of artifacts
or systems with phenomenological and socio-cultural perspectives. By adopting a
holistic perspective and problematizing defined categories we avoid ending up in
stigmatizing groups by describing them with characteristics built on presumptions. In
addition, we will have groups of users that can contribute to an inclusive ICT design
that will be accessible for elderly people with great knowledge in the area as well as
immature ICT users of young age. To avoid falling into a stereotypic classification it is
necessary to define a products or service use, but also what is required of users to use a
product or service, but especially in what situations. By focusing on situations where
e.g. an ICT platform is expected to be used, it is possible to redefine the intended user.
The group of users may not be age homogenous it could be the level of technology
maturity that is needed for the situation. While the circumstances for the use in the
specific situation requires keyboard with large keys, large screen and text to speech to
fulfill the needs for an elderly person. This will not bother a young person with no
perception limitations but will help elderly people who are technology experienced
with some supporting needs.
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Abstract. An effective way to involve older people in design is to include them
as equally important partners in co-design practices. This paper illustrates how
students applied design knowledge and interaction skills to collaborate with older
people to fix their real life problem. It was found that many older people have
specific needs of communication, which depend heavily on their lifestyle and
preferences. The design solution tackled the entertainment and communication
issues for an old couple, through creating a better experience of their everyday
poker time. Older people played an active role in the project and contributed
positively to the final solution. It concludes that working with older people as
design partners could lead to better products that are more appropriate for them.

Keywords: Older people - Co-design - Fixpert

1 Introduction

An effective way to involve older people in design is to include them as equally important
partners in the co-design process (Newell et al. 2007). ‘Fixperts’ projects adopt such a
practice. ‘Fixperts’ (www.fixperts.org) is a social project and an open knowledge-
sharing platform, which promotes creative and social values through design. Designers
and users work together to identify a problem, explore possible solutions and finally
make prototypes, thus solving a practical everyday problem by the use of imagination
and design skills. In the postgraduate course ‘User Research and Design Innovation’ at
Tongji University, the Fixperts format were adopted as the assignment. 21 master
students were divided into 10 groups of 2 or 3 students as Fixperts. Each group needed
to find a person aged over 60 to be the design partner (the Fix partner) who would actively
engage in the whole project process. Upon completion of the course, the students were
required to deliver a final design (Dong and Vanns 2009), typically a product, and a mini
film recording the design process.

1.1 People Involved in Fixperts

This paper will illustrate a Fixperts case study on how postgraduate students (Fixperts)
applied design and communication skills to collaborate with older people (Fixpartners)
and eventually solve real life problems for older people through design.

© Springer International Publishing Switzerland 2016
J. Zhou and G. Salvendy (Eds.): ITAP 2016, Part I, LNCS 9754, pp. 13-22, 2016.
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Fixperts and Film Makers (Students). Fixperts are those who are ready to apply their
academically trained design skills and knowledge to make and improve things, say
design learners or designers. A Film Maker is also a storyteller as he/she captures the
whole story and translates the conversations between Fixperts and Fixpartners into a
mini documentary film to share the journey with others and showcase the inspiring
results.

Fixpartner (Older People). Fixpartners are someone with a fixing challenge, who is
happy to invite a Fixpert to help fix problems.

1.2 Fixpartners

The Fixpartners of this project are an old couple, Mr. and Mrs. LI, who have known
each other for over 60 years. Their profile is summarized in Table 1.

Table 1. Profile of fixpartners

Introduction | LI Shuzhi (Grandpa)

Shanghai

Chinese Medicine Pharmacist | Electric Welder in Shipyard

Life Habit Seldom go out except daily Keep Indoors, Love
shopping Cleanliness

YUAN Lili (Granny)

2 Design Process

The participants in the project included 2 industrial design master students (known as
Fixperts and also Film Makers) and 2 older people, the Fixpartners. To identify a
problem in older people’s life and explore possible solutions that are appropriate for
them, the design process was conducted with a user-centered method, and followed 5
stages, i.e. discover, define, design, develop and deliver. The project used these stages
as a way to equip both Fixperts and Fixpartners with guidance to refine the final solution.
At the beginning of the design process, it was important to discover the needs and wants
of the Fixpartners as much as possible. The second part of the process involved in-depth
interviews and discussions to support defining an everyday problem that Fixpartners
meet. The analysis of issues and needs were then presented, and followed by the initial
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design, feedback from the Fixpartners, iterative design improvement, and the final solu-
tion. The development session finished with presentation where participants delivered
their work. The whole process was video recorded.

2.1 Initial Visit and Observation

Fixpartners introduced their daily life routine and basic information regarding the rele-
vant activities including their typical day, bathing, health management, meal prepara-
tion, home maintenance, activities, hobbies, communication in community and within
family. Fixperts acted as listeners and observers, making efforts to find potential prob-
lems to allow later analysis of issues and needs. The initial visit involved the following
6 parts (Lindsay et al. 2010):

1. Information Gathering

Scenario Discussion

Issue Identification

Analysis of Needs and Requirements
Envisioning

Idea Generation

AN el

2.2 Discovering

Fixpartners were asked to verbalize their concerns about their daily life and perform
some activities, such as doing laundry and playing a card game, so that Fixperts could
find emotional and functional issues as well as physical ones. Some of the everyday life
issues were identified, including:

Fixpartner’s hands tremble a lot, especially when holding something
Having difficulties in hanging out the clothes

Inconvenience in taking medicine

Often forgetting to bring Seniors Travel Cards when going out
Difficulties in storing poker cards and coins

The Fixperts and Fixpartners brainstormed together to answer how to change the
situations outlined, which is the most productive part of the discovering process.

2.3 Defining

Fixpartners play Paodekuai, a type of Chinese poker game, from 2 pm to 4 pm every
afternoon. This poker game, serving as a means to train older people’s memory and
logical inference, is also a somewhat competitive indoor entertainment that involves
money in order to create a feeling of achievement for Fixpartners. It was found that
Mr. LI puts the coins in a wooden small drawer while Mrs. LI puts her money in a
leather purse. The process of playing poker was divided successively into 5 steps, i.e.
taking cards out, shuffling, dealing cards, playing, and paying, as shown in Fig. 1.
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Based on the observation, it was found that the couple did not talk to each other while
playing cards, and the two hours of poker time was strangely quiet.

Fig. 1. The process of playing poker

Through deep interviews, it was realized that the Fixpartners were interested to talk
about their past but there was no such effective props in the poker game to provoke
conversations about their shared memory. A crucial feature of older people was that they
have to deal with various aging challenges that life brings (Sustar et al. 2013) and thus
would lack opportunities to have focused discussion on a specific topic. In addition, the
accelerating pace of work and modern lifestyle leave young people with little time for
spending with older relatives (Waterworth and Waterworth 2006). It is essential to
facilitate communication between the two generations, for family connection is known
to be vital for emotional as well as physical and psychological health for older people
(Waterworth and Waterworth 2006).

In summary, the Fixpartners’ emotional needs of playing poker cards are:

e To elicit conversation

e To experience much happiness in displaying the memories of the past

e To share and enjoy memories of past decades in an instant, easy, vibrant and amusing
way

e To tell stories to younger people and spend some quality time together

And their functional needs include:

To make cards easier to find and to take out

Better to place two packs of cards and coins together
Ingenious, simple and convenient to use

To be able to store a certain number of coins

2.4 Design

Spending time with the old couple and participating in their daily activities in a real
setting provided the students with many clues on which to make design decisions. Older
people’s confidence in their ability to use new products can be fragile due partly to their
unfamiliarity and potential fear of new things (Newell et al. 2007). If the Fixperts tried
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to change something completely, they would face considerable opposition from the
Fixpartners.

To meet the Fixpartners’ emotional needs, many well-conceived ideas were
produced, one of which was eventually accepted by the old couple with satisfaction, that
is, the Conversation-Trigger-Cards (Fig. 2).
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Fig. 2. Conversation trigger card

The Conversation-Trigger-Cards aimed to trigger intimate conversation regarding
everyday life, career, likes and dislikes, historical events, and old stories. The items
presented on the poker cards were grouped into 4 categories:

— Hearts: Career and Hobby

— Diamonds: Story, History and Experience
— Clubs: Life and City Memory

— Spades: Old Items and Culture

Furthermore, a Storage Case was designed to better integrate poker cards with coins.
The first prototype was produced as quickly as possible in order to get something tangible
and low-cost to facilitate discussions with the old couple and get their feedback (Water-
worth and Waterworth 2006). The iterative development of different prototypes was
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conducted with a user-centered approach. Throughout the development Fixperts tested
diverse mocks-ups and prototypes with Fixpartners so as to obtain feedback for the next
development process. A wide range of possible forms of Storage Case (Fig. 3) was
presented to the Fixpartners.

Fig. 3. The iterative development of prototypes

2.5 Development

It is advised that both the Fixperts and Fixpartners should be involved in concept devel-
opment and prototype stage of the design process, so that both sides can positively affect
early design decisions (Newell et al. 2007). The best method was the in-home interview,
demonstrating prototypes in Fixpartners’ home and offering detailed instruction for them
to test (Bagnall et al. 2006). The Fixperts visited Fixpartners’ home for the second time
with the prototype of the Conversation-Trigger-Cards and the Storage Case. During the
visit, Fixpartners were asked to try out the sample cards and later examine the usability
of the Storage Case. The old couple became excited, and gave a lot of feedback on
prototypes. The evaluation (Fig. 4) was effective in eliciting more stories about how an
old item was used in home, how people thought about a famous historical event, who
influenced their life attitude and lifestyle, and the sharing of a range of good and bad
experiences (Fig. 5).

Fig. 4. The evaluation of the conversation-trigger-cards
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Fig. 5. The sharing of past stories

Fixpartners offered more items that could be added to the cards, explaining the
information through language and drawings, which contributed a lot to completing the
Conversation-Trigger-Cards. The items include but were not limited to:

1. Influential People in their lives
2. Traditional Custom and Food
3. Classic Films and Songs

4. 0Old Games

5. Old Fashions

6. Old Brands

As for the Storage Case, the Fixpartners provided suggestions on aesthetics and the
size of the Storage Case, and expressed their material preferences. They preferred wood
rather than plastic or metal. The feedback helped the redesign of the prototype.

The development stage played a crucial role in the design process, as it addressed
the difficulty of presenting intangible concepts in design through the use of sketches,
prototypes and mock-up for working with Fixpartners, which stimulated creative
thinking and user-centered innovation. This session also allowed Fixperts to observe the
difference between what Fixpartners said and what actually happened. Tied to this is the
generation of many constructive suggestions from both Fixperts and Fixpartners to
improve the design in every aspect.

2.6 Delivering

Concerns about interrupting each other led Fixperts to the idea of triggering conversation
that Fixpartners both interested in, as an appealing way of inviting communication. The
inconvenience of placing coins sparked creativity of integrating the poker box with the
coins container. The design was named Poker Time. It consisted of Conversation-
Trigger-Cards and a Storage Case (Fig. 6).
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Fig. 6. Prototype of poker time (final version)

A major challenge of this project was to design and develop a systematic product
for the Fixpartners that was convenient and intuitive to use for fulfilling their daily
activities (Waterworth and Waterworth 2006). Consequently, the Storage Case was
made out of 4 parts, i.e. 2 coins containers inside, a box cover and a wooden box. The
2 coins containers where Fixpartners put their coins could be taken out while playing
poker, served as the moneybox. The 2 packs of Conversation-Trigger-Cards could be
placed in the middle of the Storage Case. It is important that the Conversation-Trigger-
Card and the Storage Case complement each other and fit together seamlessly.

The Conversation-Trigger-Cards were designed to encourage communication in a
form that Fixpartners would find easy to assimilate and act upon. It is thus suggested
that the size of each card is 57 mm * 87 mm, the same as the size of a normal poker card
on market. The reverse side of cards, which was inspired from dragon and phoenix in
Chinese art, the symbol of love and good marriage, was selected by Fixpartners, from
the 8 designers offered by the design students. In the testing session, the Fixpartners
enjoyed the new cards and the Storage Case with delight and appreciation (Fig. 7).

Fig. 7. Fixpartners’ using the new design solution

The Poker Time is a customized product for the Fixpartner, with aesthetics and full
functionality, solving the communication and storage problem in playing poker. The
design is based on a great deal of user research and prototype making as well as aesthetics
consideration.
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3 Discussion

The discovery stage of the design process ensured that Fixpartners’ needs and require-
ments were explored extensively early in the design cycle (Newell et al. 2007), and that
Fixperts became more aware of the issues which they were supposed to address, that is,
the communication and storage issues in their daily poker time. The final version of the
prototype was given to Fixpartners as a gift. Overall the Conversation-Trigger-Cards
were found to be a very useful way for provoking discussions on the topics shown on
the cards which the Fixpartner find interesting and enjoyable, and the feedback gained
from them was sufficient to ascertain the usefulness of the Storage Case.

The Fixperts project is more like a process rather than a service. The final result at
first is likely to be a temporary solution, but in the long term the process might be a part
of a better and bigger solution for others and probably even lead to production of the
product. The Fixperts project has proved to positively influence the students’ creative
capability and their user research skills.

Older people as Fixpartners should be seen as an equally important part of the team
rather than just subjects of experimentation (Newell et al. 2007), because while Fixperts
contribute knowledge in design field, Fixpartners contribute their life experience and an
understanding of what would be appropriate for other peers. The voices of users must
be heard in the design process, but this brings significant challenges to designers faced
with older users. Therefore, cooperation with older people has to be done with much
more care and patience, even within limited time and resources.

4 Conclusions

This case study has demonstrated the value of gaining a comprehensive understanding
of older people’s daily life. While the original intention was to design an entertainment
product that older people could benefit from, the result was that they needed a more
attractive and appropriate way of communication when they play poker cards every day.
In addition, older people and younger people can be better connected to each other by
the use of the design, as the older people can tell the stories triggered by the cards while
they play the game.

A large proportion of older people have specific needs of communication, which
depend heavily on their lifestyle and preference. The phenomenon of aging population
is creating expanding markets for products that can be used by older people with a
broader range of needs and wants (Newell and Gregor 2002). It is believed that design
coupled with the needs of older people could stimulate better design methods and lead
to better products for everyone (Newell and Gregor 2002).
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Abstract. There were three in five of the elderly living alone in Taiwan con-
sidered continue living alone would be an ideal way of living in the future.
Products and services not only support elderly living alone have the ability to
live independently, but also to influence social network to the elderly living
alone. Due to the lack of product and service targeting especially for elderly
living alone that related to care and assist them to live independently, this
research was designed as a preliminary exploration of technology necessities to
provide insight into the issue. The findings suggest that (1) Life of living alone
need to be simple for the elderly. (2) Sharing behavior might be the most
opportunities to care . No matter how form of the product or service was, only in
association with the encourage from stakeholders that elderly living alone would
have more courage to try new things or to accept assistance.

Keywords: Elderly living alone - Living technology - Caring

1 Introduction

As aging society has been on a rise, and under the background of society with fewer
children, marriage status, refuse to go to the care center, living apart with family, or
personal choice, more and more elderly living alone. According to the statistics by
National Development Council, Taiwan would reach “super-aged” societies in 2025
which means more than one in five of the population is 65 or older.

Particularly, with the rapid development of the internet, communication technology
and smart device, lifestyle and the needs of care had changed into multivariate ways.
There were three in five of the elderly living alone in Taiwan considered continue
living alone would be an ideal way of living in the future (Ministry of Health and
Welfare 2013). Elderly living alone would like to live without relatives, and would put
less effort on them. Even in response to this trends, technology turns out to be one
kinds of socialization pipeline, and this would help the formation of a new individual
thinking value at the same time (Shun-Hsiang 2015).

Even though elderly living alone can stay contact with society at home, most of
them went out to do activities (Klinenberg 2013). Due to the lack of product and
service targeting especially for elderly living alone, this research was designed as a
preliminary exploration of technology necessities to provide insight into the issue. The
purpose of this study was to investigate whether the technology necessities and lifestyle
difference influence the social network of elderly living alone or not.
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2 Literatures

2.1 Difference Between Elderly Living Alone and Living with Others

Definition of Elderly Living Alone. By the definition from WHO, the United Nations,
and recently research (Bishop 1986; Cabinet Office of Japa 2014; WHO 2015), most
developed world countries have accepted the chronological age of 65 years as a def-
inition of ‘elderly’ or older person. We define that the “elderly living alone” as the
older person above 65 years and lived alone, or, elderly lived with relatives but the
people lived together frequently not at home for at least three days a week.

The Potential Risk of Elderly Living Alone. One of the more intriguing issues pre-
vailing throughout the last few decades of elderly living alone research is the question of
how much focus in the mental and physiological status should be placed on quality of life
(QOL). Nowadays, elderly living alone encounters more risk of cognition problems,
chronic diseases, dementia, loneliness, depression, low income or disability than elderly
living with others. These reasons were related to high suicide risk, bad quality of life and
non-interaction of social network especially on rural community and woman (Arslantas
et al. 2015; Fukunaga et al. 2012; Ortman et al. 2014; Poudel-Tandukar et al. 2011;
Klinenberg 2013; Cabinet Office of Japan 2014; Paddock 2015; Shih 2010; WHO 2015).

2.2 Research Related to Elderly Living Alone

The Importance of Social Support. The research mentioned above indicated that
social support has gathered great importance in recent years. To date, within many care
service studies of elderly living alone, ICT, ZigBee 3D accelerometer sensor network,
human-type communication robot, WSN technology (Hung et al. 2013; Peruzzini and
Germani 2014; Shimokawara et al. 2013; Tanaka et al. 2012) have been used to build
or create interaction with others.

In recent years, United States and European countries had implemented services
like home care/home help, home nursing, meals on wheels, day club, day care or
emergency wiring (the health care system - life rescue, firefighting or police - police or
security alarm connection, civil society contractor) or formal government agencies and
types of organizations involved in providing care and other services, income-based
subsidies (Huang et al. 2010; Kim 2015). Such services not only let elderly living alone
have the ability to live independently, but also improve the willingness for elderly to
live alone.

Technology Applied on Elderly Living Alone. As result of living apart with chil-
dren, elderly living alone releases responsibility of family then frequently involve in
social participation (Teerawichitchainan and Pothisiri 2015). Some studies use sensors
to detect behavior patterns so the caregivers, family and elderly could interact with each
other with the aspect of health (Live!y 2015). Furthermore, this method was applied to
daily necessities such as blender, toaster grilled in the kitchen, heater, TV, telephone,
bed in the dorm (Bruzek et al. 2014). No matter which ways, caring for elderly living
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alone would affect by the factors of culture, experience, region, social economy or
social network (Suryadevara and Mukhopadhyay 2012).

Thus, the product or service designed for elderly living alone could be a chance to
technology, which could meet needs of social support and improve social connection of
elderly living alone and the society.

3 Method

This research adopted service design process to study technology necessities among
elderly living alone. The method was proposed by Service Science Society of Taiwan
(Taiwan 2015), which combined “hear - create — deliver (HCD)” process from IDEO
and the Double-Diamond Design Process Model (discover - define — develop - deliver)
from UK Design Council. Our process mainly focused on the stage between “discover

LLINT3

service area”, “analyze and collect thoughts” to “define design problem.”

3.1 Participants

The participants for this research were selected from the population of elderly living
alone lived at least three days without relatives the in Douliu city and Kaohsiung city in
Taiwan. Six of the elderly living alone participated in the study (one of the participants
were male and five were female). Their ages ranged from 65 to 92 years. One of the
participants (subject a.) involved in this study can be further categorized by the
independent living ability (need someone to take care of the daily life). Most of them
were lived alone more than 15 years and half of them would use smart devices (in-
ternet) in daily lives. Participants were given a $10 honorarium. Every subject was
randomly named from alphabet a—f. The Table 1 is participants’ basic information
survey.

Table 1. Basic information survey of the participants

Subject a b c d e f

Gender F F M F F F

Age 92 65 79 78 75 81

Education None |College |None |Junior Senior Junior
high high high
school school school

Income (economic N Y N N Y Y

independently or rely
on allowance®)

Years of living alone 32 20 20 34 15 26

Usage of Internet and N Y N N Y Y
Smart devices

“N (No): Economic Independently, Y (Yes): Rely on Allowance
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3.2 Procedure

We used a semi-structured interview with averaging 40 min to collect qualitative data
of each subject. Additionally, participants took interviews at a local day club or at
home. The following were the content of the interview questions:

1. Basic information survey included Gender/Age/Education/Income (economic
independently or rely on an allowance)/Years of living alone/Internet and Smart
devices usage situations — this helped researcher to find out if different lifestyle had
related to social networks.

2. The reason why they live alone/interaction ways of family and social network or
any relationships with others — in this step, knowing stakeholders of elderly living
alone matters to the service/product they used.

3. Understanding participants’ social participation situation about eating (cooking and
eating habits/behaviors), shopping (frequency or the place buying things and what
they shopped), housing (used home care service or not), transportation (how would
they move and what transportation they used), learning activities (interest/volun
teering), entertainment (leisure activities), and other suggestion to improve or dif-
ficulties of service/product — by collecting the information, we discovered the
service/product could be the new chance of technology necessities.

After the interviews, we used affinity diagram to classification and collect needs. Then
analysis the reason why elderly living alone had the need. Finally, gather similar insight
together to form several topic about technology needs.

4 Results

4.1 Diet Situations

In this aspect, elderly living alone more or less had some diet preference. Among the
duration of diet, elderly living alone kept connection to different kinds of products or
service’ stakeholders. Hence, diet could help subjects maintain certain scope of their
social networks. The following can help enlighten us on this:

1. Elderly living alone prefered to enjoy the diet in a convient and simple way
regardless of cooking at home or going out to eat: While cooked at home, the
majority of elderly living alone (4 of 6) tended to buy much quantities of ingredients
like fish, meat and vegetables for several meals. With this way, they could reduce
cooking and buying frequency to save time and eat whatever they want. As two
subjects separately said, “If I cooked for every meal, it would be not much food for
one meal but wasted times.” Or “T only cooked one time and ate the dishes for three
times a day.” For the most important of all, 5 of 6 subjects were used to take out the
dishes already cooked from refrigerator and then re-heating it by using kitchenware
such as wok, electric rice cooker or microwave oven, so that they could eat right
away. By contrast to diet at home, went out to eat not only can change moods but to
have diversity selections of food and restaurants that consistent with their diet
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habitations (“I went to some restaurants because I don’t need to cook and the food
there were relatively fresh and easy to chew”).

. Activities could gather elderly living alone and their relatives or social organiza-

tions’ caregivers together: Family reunion specially on holidays, were one of the
significant days to diet with relatives together. At that period of time, included
friends, femilies or social organizations’ caregivers turned out to be interact more
often than usual with elderly living alone. One subject who joined day club com-
mented that, “Every time I went to day club, my friends would bring foods here and
we just have tea time there. I even carried my steam cooker with motorcycle, so that
everyone could taste the taro cake I made, and it’s still hot! They enjoy my snake
very much. Other friends’ food were always cold.” Another subject a, who were not
able to walk to long, “My grandchildren would buy vegetable and other ingredients
I need for me, if my condition turned well, I would go out to eat.” Subject a
accepted home care service, the caregivers cooked lunch included rice and one dish,
but the subject would eat the food within three meals.

4.2 Shopping Situations

Of all the subjects, the most place they went for shopping were traditional market (to
buy food, ingredients and groceries), the second was local supermarket like PXmart (to
buy daily necessities) in Taiwan. The others such as convenient store (to pay bill,
telephone fee and buy newspapers at 7-11), night market (to buy daily supplies,
hardware), retailer (Carrefour). Each place was unique in terms of the communities it
located and the demand of which it solved.

4.3 Housing Situations

In regard to housing issues, elderly living alone mostly concerned about cleaning their
house and fixing household facilities.

1.

Home maintenance were complex to the elderly living alone: “If there were too
dirty or under a mess than I won’t let my friends come inside my house. Some-
times I just so lazy that I didn’t hope anyone else know, it’s not a good thing to
say.” The elderly living alone with friends stated that “I cared every little thing of
my house. Once I hired a housekeeper on clean, but I didn’t like the way she did of
my house. Unfortunately, the one corresponded to my request didn’t willing to
come because it’s far away from her home.”

Household facilities’ status were associated with fixing and basic life smoothness
among elderly living alone: When product broke, elderly living alone would change
light bulb or try to fix other things. However, subject a usually forgot which button
should her push on washing machine to do laundry. Thus, her grandson mark the
button for her. Even occasionally happened the situation that she needed to rely on
calling grandson to help her activating the machine. As she couldn’t recognize, she
would afraid to miss use.
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3. Couldn’t get used to different living environment: Elderly living alone didn’t get
accustomed to new dwelling place. For instance, even though traveled with rela-
tives, subjects couldn’t get used to new places to sleep and couldn’t sleep well.
Moreover, moved house were inconvenient and difficult. Therefore, local life
experience was what they expected.

4.4 Transportation Situations

Limited mobility influences elderly living alone with social network. Once elderly fell
down or encountered knee degeneration, the interaction frequency became less than
their life before. Subject a had limited mobility and couldn’t go out to find friends.
Only family would take her out or fiends would came to visit her with some gifts.
Additionally, the subject couldn’t join community activities as usual, as result of
lumbago and pains on knee. In contrast to the elderly living alone with motorcycle or
still used public transportation, they could be more initiative on relationships. Besides
the problems mentioned above, if there were emergency situations, elderly living alone
needed to recruit housekeeper or ask other relatives for help.

4.5 Learning Situations

Participated in activities hold for the elderly will be the mainly social life of all day
long of the elderly people living alone. Apart from this, the subjects almost did not
participated in other activities. Being alone have created more time of life, which gain
the opportunities to them into learning. By dedicated the time to community
involvement, subject felt a sense of pride. Owing to the sense of substantial, elderly
living alone could teach the skill they were good with to last the learning passion onto
other elderly. Subject were likewise absorb health knowledge that kept them stay more
and more healthy.

4.6 Entertainment Situations

Most subjects had daily entertainments and social participation experiences. We sep-
arated entertainment into two main topics as following:

1. Entertainment could help enrich common sense and inner beauty: Watching foreign
traveling channels on TV, reading books or listening to the radio news report would
gain the lively sound in the house. When those electronic device or equipment
broken, some of the subject could fix by themselves, but those who didn’t would
need to rely on relatives or neighborhoods. In some condition, a problem of the
karaoke machine at home could reduce the opportunities elderly living alone being
together with friends. Additionally, recite scriptures (religion factor), volunteering
in school or society, could straighten inner peacefulness, honor and confidence.

2. Social activities could be chances to encourage elderly living alone participated in
societies or to trouble the willing of social interaction: “When I went to a volunteer,
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there were some else (direct seller) just want to grab benefit from us, this was not
correct on account of we didn’t have too money to waste.”

3. Visiting relatives and friends could enhance the opportunities elderly living alone
went out to travel: “I seldom went to travel, but I’ll attend my grandson’s wedding
ceremony.” Or the condition like” I can go hiking with my family or visit my
friends who lived far away from me.” Thank to every family member had different
kinds of interest, elderly living alone would choose the schedule they had abilities
to do. Therefore, they trust the travel plan made by day club instead.

4. Maintained relationships well may have contributed to the instant messaging apps
usage on smart phones: Without smart device, half of the subjects use home phone
to contact. The other half used internet on mobile or computer. For those who had
smart phone with internet, thought that instant messaging app such as Line, was an
ideal way to share things with relatives and friends. Due to the free call function
design in the instant message, video phone shorten the distance between elderly
living alone and the relatives and friends. In one subject word, “By using video-
phone, I can see my cute grandson far away from me, and they can say hello to me
too.” In addition, some of the subject would ask the sellers to questions of operating
the app function and setting up personal preferences like big font to view content on
the screen clearly and loud sounds to listen more directly while buying smart
phones. Therefore, as the new era for them to adapt, elderly living alone started to
send messages, read article, learn songs and watch video through the apps. Yet this
might put them to the danger of privacy or scam, although some relatives support
elderly living alone to use instant messaging apps to interact with others, they
couldn’t know the detail privacy settings or the way to protect themselves. The
situation happened to them really increased uncertainty and safety issues from using
smart phone without liberty.

5 Discussion

5.1 Life of Living Alone Need to Be Simple for the Elderly

Simple ways of living are the first of this findings worth summarizing. The results
indicated that elderly living alone had regular and routine life. On one hand, the issue
of life privacy, liberty and self-dignity are important concerns of having safe life. On
the other hand, this could be a great chance for product or service provider to use
technologies to meet the unmet needs. The ability to balance safety and danger will
result to totally different consequence. With regard to hosing situation, our findings
match to the concept of aging in place, although there are differences regarding other
aspect of the life style.

5.2 Sharing Behavior Might Be the Most Opportunities to Care

At the moment of sharing, are also the opportunity to care each other. Sometimes
subjects considered that caring would bother life of other people. The major finding is
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that elderly living alone feel concern about the wayt hey do or the appearance people
think about them. Activities let elderly connect to the communities and mainly, to the
social support and social networks. Despite technologies’ advantages, it does have
some points we need to improve, such as the invisible computing or data analyzing
behind screen cause complex situation and the misuse of app function that confuse the
elderly living alone and without instant assistance.

6 Conclusions

To conclude, the resource of local communities where elderly living alone are
important, but for them, living conveniently are the biggest challenge. Much more also
needs to be known about the household facilities, belongings, communities service and
even behaviors from different culture.

These findings lead us to believe that technologies from the aspect of diet, shop-
ping, housing, transportation, learning or entertainment, were beneficial to build the
relationships into the life of elderly living alone. No matter how form of the product or
service was, only in association with the encourage from stakeholders that elderly
living alone would have more courage to try new things or to accept assistance.

Finally, this kind of preliminary exploration of technology necessities though
discovered unmet needs, but much more has yet to be done. There is a continuing need
for more extensively investigation for the detail part into care product or products.
Further research is therefore warranted in different life style unmet of technologies.
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Abstract. Much of the existing research on older people’s needs is based upon
a popular understanding that older people are defined by age strata. However,
from the perspective of the multidimensional meaning of aging, people’s age is
a state that represents a process of change. It cannot be simply defined in years.
This concept motivates us to explore the needs of older people from the perspec-
tive of aging. This study aims first, to provide a literature review on different
aspects of aging in order to better understand the aging process. Second, having
considered aging, a critical needs model was proposed. As a result, a design
suggestion was made in order for designers to focus their attention on helping
people find the meaning of life as a first principle.

Keywords: Critical needs - Aging - Older people - Design

1 Introduction

Understanding the genuine needs of older people is an integral part of designing for
older adults and is crucial to the success of any such design. Designing for older people
can be understood as designing for older people’s needs.

Much of the existing research within design regards the needs of older people based
on a popular understanding that older people are defined by age strata! [1, 2]. The ages
of 60 or 65 years are often used to define the age at which people might be considered
as old [4]. However, according to the study of gerontology?, people’s age cannot be
simply defined in years. Although people usually use chronology (years) as a metric of
age, this is not a good predictor of functional status in biological, psychological and
social processes [7]. Age is not a number; it is a state that represents multiple aging
processes including chronological aging, biological aging, psychological aging and
social aging. In some sense, designing for older people means to design for people who

! According to the life course dimension, age strata may be defined by chronological age or by
stages in the life cycle (e.g. infancy, childhood, adolescence, early adulthood, etc.) [3].

* In 1903, Elie Metchnikoff was the first person to use the term “gerontology” [S]. The term
gerontology is defined in the Concise Oxford Dictionary as ‘the scientific study of old age and
the process of aging, and of old people’s special problems’ [6].
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are experiencing aging processes. Therefore, the needs of older people should be iden-
tified and must then be placed in the context of these aging processes.

Dealing with the issue of older people’s needs from the perspective of aging is not
only related to surviving but also to death. As a result of the irreversible aging process,
death is the final event for older people. From this perspective, some critical needs may
emerge from the common needs. These ‘critical needs’ can be seen as making older
people’s lives meaningful and alleviating fear of death.

This paper aims at exploring design for the critical needs of older people based on
gerontology studies. Firstly, understanding aging is important. It is a multidimensional
concept consisting of within-person aging and between-person aging. Secondly, iden-
tifying the needs of older people should be based upon the meanings of aging. A critical
needs model is proposed. As a result, a design proposition is developed. It must be
emphasized that designers do not need exhaustive knowledge of gerontology. They need
to understand the consequences of aging rather than the causes of aging so as to help
them understand what to focus on.

2 Aging: A Process of Change

Aging is a continuous and process of change that begins the day we are born and only
ends when we die [8]. We can recognize aging as a demonstration of time and an
expression of the fundamental reality of change. All the changes follow the flow of time.
By studying time and the process of change, we can understand the real meaning of

aging.

2.1 Time

To a great extent, time as chronometric time is indicated by clocks and calendars [9],
which is measured in seconds, minutes, hours, days, weeks, months, years, etc. Time as
a general tool can represent the duration of a process or locate in time an event like the
birth of a baby, a future appointment, or the death of a person [10]. But our personal
estimates of time tend to be unreliable because in certain situations they are relative to
our physical states or emotional attitudes [11].

Time is an irreversible vector consisting of past, present and future as a whole. The
past and the future are represented, but the present can only be known as past. People
cannot capture the present, as it is passing in every second. One cannot go back and
repeat the past. Therefore, aging is an irreversible process that we are experiencing in
every moment.

2.2 A Process of Change

Time is infinite, but the process of aging is finite. Birth is where the aging process begins
and death is the final event.

Aging can be defined as a process of change over time. To speak of our aging is also
to speak of the process of change. Changing is constituted in ‘becoming from’ one state
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and ‘becoming to’ another. The material world is always in a state of change that never
ceases. The only thing constant is change itself as Heraclitus held. On biological,
psychological, and sociological levels, aging involves a process of continuing differen-
tiation [12]. In other words, as long as we are alive, we are all in a process of change,
which has an effect on our bodily, mental and emotional functioning, and social inter-
actions.

Under the guidance of these concepts, designing for older people can be viewed as
designing for people experiencing the changing process in different aspects. Actually
all people are experiencing this process. Older people are those who are in a particular
period within this process, but none of us are outside the process. This also coined the
concept of “designing for our future selves” [13].

3 The Multidimensional Meanings of Aging

Aging is a complex process of change that involves many different factors. Historically,
the concept of ‘aging’ refers to change resulting from some combination of logical,
psychological, and social mechanisms [14]. The ‘life-span developmental’ perspective
is a somewhat broader framework [15, 16], as it considers ‘aging’ to begin at birth and
conceptualizes human development as multidimensional and multidirectional processes
of growth involving both gains and losses [14]. Aging is often identified simply as “age-
related change” [17, 18].

Based on the study of gerontology, two dimensions of ageing in four distinct
processes are identified: the within-person aging dimension and the between-person
aging dimension. “Within-person aging’ refers to the age-related changing process in a
person, including chronological aging, biological aging and personality development.
‘Between-person aging’ indicates people’s various roles, which are established by inter-
acting with other people in different stages of the lifecycle.

3.1 Within-Person Aging

3.1.1 Chronological Aging
Chronological aging is the definition of aging on the basis of a person’s years from birth
[3]. Its development is parallel with the progression of time.

Chronological age or calendar age is a measure of an individual’s age based on the
calendar date on which he or she was born.

3.1.2 Biological Aging
Biological aging (or physiological aging) can be defined as the normal process of
changes in the body and its components over time. By and large, most functions begin
to decline linearly after reaching peak performance in the third decade of life [19]. The
changes in different biological abilities occur at varied rates and degrees.

However, the speed of the decline is largely determined by factors related to one’s
adult life style — such as smoking, alcohol consumption and diet; and the environment
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where one lives [20]. Maintaining functional capacity is the concept throughout the life
course (Fig. 1).

Early Life Adult Life Older Age
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Fig. 1. Maintaining functional capacity over the life course (Source: Kalache and Kickbusch

[21D).

Biological age (or physiological age) shows how your body is developing or breaking
down compared to the average.

3.1.3 Psychological Aging

Psychological aging mainly means that the aging process influences cognitive abilities and
personality. Cognition (to think) refers to mental process such as intelligence, learning and
memory. The ways that we all perceive, recall, reason, make decisions, solve problems,
and make sense of the world around us are all cognitive processes [22]. Personality can
be defined as a unique pattern of innate and learned behaviors, thoughts and emotions that
influence how each person responds and interacts with the environment [3].

Aging does not affect all people’s psychological functions in the same way.
Hooyman and Kiyak [3] provided considerable evidence that normal aging does not
result in significant declines of cognitive functioning. Although some decline in cogni-
tive ability occurs with aging, these symptoms are not a normal part of aging [23].
Therefore, this article mainly focuses upon studying personality development as a
normal part of aging, which is a positive ego-development process.

Personality development is considered as a process of personal growth and a self-
transformative journey, moving to maturation and gaining wisdom. It is also an irre-
versible process such that the individual cannot repeat a previous developmental stage.
Erik Erickson and Carl Jung examined the individual’s confrontation with death in the
last stage of life. Jung suggested that the aging person must find meaning in inner explo-
ration and in an afterlife [3].
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In recently years, scholars have built upon the work of Erikson and Jung to expand
the definition of spirituality more broadly than religious belief [7]. Spirituality refers to
apersonal journey for self-knowledge and personal growth [24—-26]. Some theorists have
proposed a theory of gerotranscendence, or a distinctive age-related path toward spiri-
tuality in which older adults develop a sense of interconnection between themselves and
others and between life and death to make sense of the world [27, 28].

Psychological age can be measured by personality development, which is how old
one feels, acts, and behaves.

3.2 Between-Person Aging

Between-person aging, or social aging refers to the changing roles and relationships
manifested in interactions between the aging individual and others in a particular social
context such as family, society and subculture [29, 30]. It considers that an individual
as a relational entity is involved with other people and environments. The self-role
corresponds to the various social roles the individual plays such as, for example, student,
parent and friend. Becoming a grandparent is often seen as the beginning of old age [31].

During the aging process, the individual must abandon many roles that are often not
then replaced by others [32, 33]. In spite of the obvious loss of many standardized roles,
such as spouse and worker, Rosow [34] has shown that older adults maintain more
informal roles [34].

An individual’s social roles are embedded in personal networks. A personal network
is generally defined as all persons (network members) with whom a focal individual has
a direct relationship [35]. The network used in gerontology focuses on the older adult’s
ties to society through participation in network and social roles [36]. Older people’s
networks reflect a transition from the roles they held earlier in life. From this viewpoint,
between-person aging or social aging suggests a process of change in a personal network.

Sociology defines age by one’s role in society [8]. In other words, social age also
refers to an individual’s role in her or his networks.

3.3 Key Insights Related to Aging and Age

Based on an understanding of the four types of aging processes presented, the following
insights related to aging and age are revealed:

3.3.1 Insights Related to Aging

e Understanding the meaning of aging requires the consideration of the four processes
simultaneously. It seems as if there are four ‘clocks’ all running at a different pace,
measuring the individual’s four aging processes. All of these processes are intercon-
nected, and each affects the others.

e The process of growing old is unique to each individual [37]. There is no single and
uniform way in which adults grow old [38].

e Under the concept of within-person aging, biological aging and personality devel-
opment tend to have an opposite relationship with one another. However, they do
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still share some interdependency. Biological aging is considered as a gradual
declining and an inevitable process that begins in early adulthood. The process is
universal, deleterious and progressive [3]. Age-related change in appearance and
physical functioning is most highly correlated with chronological age. Conversely,
psychological aging is not necessarily a process of decline over time. It should be a
positive process, especially taking into account people’s personality development.
In addition, an individual’s biological aging and personality development do not
progress at the same rate. For example, a person can have a psychological age that
exceeds his or her biological age if he or she has a mature personality.

Although people can slow down the progress of biological aging, the overall trend
is an irreversible decline that cannot be changed. However, personality development
can be controlled by people’s intentions and actions.

Biological aging can have an effect on social aging. For example, a decline in biolog-
ical functions such as hearing impairment can impose restrictions upon older people’s
ability to engage in interaction with others.

Positive psychological changes have effects on physical health [39] and interpersonal
relationships including quality of marital relationships and friendship relationships [40].
Under the concept of between-person aging, social aging is regarded as a process of
change in personal networks. The personal networks of individuals reflect their social
opportunities and personal choices to maintain a specific set of relationships with
relatives, neighbours, friends, acquaintances, and so on [41, 42]. Social aging can be
potentially influenced by individuals to meet their needs.

3.3.2 Insights Related to Age
e The meaning of age includes four dimensions consisting of chronological age,

biological age, psychological age and social age. Chronological age is easy to
measure in years, but others are difficult to evaluate. A person’s age cannot be simply
calculated in years. Age is not anumber; it is a state representing four aging processes.
Each individual has a unique aging process [37, 38]. If age is a state representing
one’s position in these various aging processes, each person can be said to have a
distinctive age such that there is no absolute equivalent between the ages of any two
people.

Although people usually use chronology (years) as a metric of age, it is not a good
predictor of functional status in biological, psychological and social processes [7].
This means that biological age, psychological age and social age cannot be clearly
defined by chronological age. For example, we may know a 70-year-old person has
a younger appearance and a good physical condition very much like a 60-years-old.
For another example, a 30-year-old may have the facial features of a 40-year-old, yet
behave and dress more like a 20-year-old. Some may perceive this person to be “old”
for his or her age, while others may perceive the person to be “immature” [30].
Moreover, social age is not the same as chronological age. For instance, the passage
into the role of being grandparents may occur at age 50 or age 70, or never.
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e Biological age is not necessarily equal to psychological age and social age. For
example, we may remark that a person acts older (or younger) than his or her biolog-
ical age. For another example, different norms, roles and expectations for people of
different biological ages exist in different societies and cultures.

4 Designing for Critical Needs

4.1 Ciritical Needs of Older People

Critical needs can be distinguished from common needs by reviewing the multidimen-
sional meaning of aging. Critical needs and common needs are defined using two
different perspectives; one in which age is understood to be a process and, conversely,
another in which age is seen as a number. Common needs are proposed on the basis of
surviving and living. The better life quality a person wants to achieve, the more needs
they have. But critical needs are identified from the perspective of aging processes.
Critical needs help people to face death with the knowledge that it is part of aging.

The individual’s psychological state, especially personality development, is consid-
ered to be the most critical aspect and is what motivates and guides older people in living
ameaningful life. It helps people to experience aging and face death calmly by achieving
self-realization and to understand the meaning of life. It also influences the individual’s
biological condition and social relationships. For example, positive psychological states
would help people to keep healthy and promote interpersonal relationships. On the
contrary, psychological and social stresses can cause a change in nutrition and a decline
in health; or the changing deep-sleep patterns of the elderly may be due to depression
rather than physical changes [43, 44].

Maintaining biological condition is another critical concern. Although the ultimate
result of the biological aging process is a progressive loss of function, age-related
biological changes can be slowed down. As the severity of age-related changes in the
body can be affected by disease, injury, exercise, nutrition, smoking, environmental
pollution, and other lifestyle factors [45], avoiding some bad habits and improving one’s
living environment could slow down the aging process or prevent the detrimental effects
of aging. For example, the natural decline in cardiac function can be accelerated by
smoking, leaving the individual with a functional capacity level lower than what would
normally be expected for his or her age [20].

Personal networks are regarded as sources of support, contributing to older people’s
functioning and wellbeing [35]. If we acknowledge that psychological need is the most
critical concern for people who are growing old, then social interaction can be viewed
as a kind of support for people to develop their personality.

Most people have these three interdependent needs as long-term requirements
concurrently. The arrangement of these needs can be represented as a structure of
concentric circles (as shown in Fig. 2). It is not in a hierarchical structure such that a
lower basic need is submerged and a new and higher need emerges as postulated by
western psychologists such as Maslow. Rather, this model presents that three critical
needs are simultaneously demanded and that the psychological needs should be the
highest priority for a person’s attention.
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Fig. 2. A critical needs model of older people

4.2 A Suggestion for Design

This model of critical needs suggests a strategy for helping to meet older people’s
requirements. Design for older people can be understood in terms of design for their
critical needs including biological need, psychological need and social need. The
purpose of design is not only to help older people adjust to aging, but also to assist them
in finding meaning in life. Designers should seek to design in a way so as to inspire older
people to achieve self-realization. It also can help people maintain their physical ability
and promote harmonious relationships with others.

If designers focus on older people’s chronological aging and biological aging as
processes of decline, they will emphasize on improving the physical environment, to
make it inclusive and cater for different disabilities. If designers acknowledge the
primary importance of psychological aging among the different dimensions of the aging
process, they will try to support older people’s personality development which may bring
these older people real wellbeing and happiness.

5 Conclusions

The main aim of this study is to identify the critical needs of older people. These critical
needs are viewed as the most important requirements for older people facing death as
part of aging. It suggests that design should help older people in finding the meaning of
life as its main priority.

This study identifies the need for a design pattern related to the critical needs of older
people, but there is a need for further research in this area, in order to define such a
pattern in detail. Further studies are required to articulate these needs in a way that could
inform design, and future empirical research is needed to guide such design practice.
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Designing Tablet Computers for the Elderly
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Abstract. The fast aging of many western and eastern societies and their
increasing reliance on information technology create a compelling need to
reconsider older users’ interactions with computers. Changes in perceptual and
motor skill capabilities that often accompany the aging process bring important
implications for the design of information and communication technologies.
This paper summarizes different methods integrated into a user-centred design
approach to develop design concepts for a tablet computer, focussing on the
needs and wishes of the elderly. Therefore, current tablet computers were
compared respective their applicability und usability. Furthermore, based on the
results of a questionnaire, elevating the needs of the user group two design
concepts were developed and evaluated.

Keywords: Demographic change - Aging computer users + Tablet computers *
User centered design

1 Introduction

Our society is currently characterized by two major trends: The demographic change
and the mechanization and automation of processes in the working environment as well
as in the private sector. The usage of computers often represents a barrier for older
users due to changes of the perceptual, cognitive and psychomotor system (Czaja 1997;
Hawthorn 2000) as well as their attitude towards new interaction technologies
(Brickfiled 1984). This leads to a digital divide between older and younger users
(Selwyn 2002). However, the rapid development in the mobile sector could lead to
significant improvements in the usage for older users and reduce the digital divide. The
users require less implicit knowledge of computers and direct input with a touch
sensitive screen simplifies the interaction with the system (Luczak et al. 2011; Jochems
et al. 2010; Caprani et al. 2012; StoBel et al. 2010). Nevertheless, there is a conflict for
producers in the mobile sector between the intuitiveness of usage and exploiting
technical possibilities. The features of the terminals increase with the rapid growth of
the mobile market at the expenses of easy usage especially for elderly users. Is it
necessary to develop mobile systems especially for elderly users because of these
age-related changes and, if so, how should they look like?
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1.1 State of the Art

The first tablet computers, coming into market in the 1990s, were developed to support
tasks like managing contacts or appointments as well as administrative tasks. After the
rollout of the first tablet from Apple, the so called iPad, a rapid distribution of tablet
computer started. Especially the touch-sensitive display and the corresponding inter-
action with gestures were ground-breaking technological innovations. By now there are
a multitude of tablet computers of diverse providers, based on different software like
Android, iOS or Microsoft Phone.

Considering the frequency of use of the elderly (65 plus), effective 10 % of this
group use up-to-date tablet computers (BITKOM 2015). Looking at products designed
specific for this user group, currently no tablet exits on the European market. There are
just a few possibilities to adapt current systems, regarding luminance or font size.
Therefore, the users have to know about these possibilities and also need the ability to
execute the adaptation. First applications (for example Big Buttons, Keyboard Deluxe,
BigDialer and mFElderly) for mobile systems could be found considering elderly users.
However, these applications are not integrated into an overall concept and the main
focus is as well just the adaption of the font size.

In a time when the aging population have become global trends, we cannot afford to
exclude an increasing number of people by design, for ethical and financial reasons.

2 Method

For the development of a tablet computer especially focussing on the elderly a
user-centered design (UCD) approach was chosen (DIN EN ISO 9241-210:2010 2011).
Therefore, different methods and analysing steps were combined. In Fig. 1 the different
aspects and methods as part of the UCD process are visualized.

State of the Art

Evaluation of current tablets

Literature Review
Design guidelines

| USER CENTERED

=

7 “ a\ DESIGN

Questionnaire
Areas of application

Developing design layouts
e

Fig. 1. User-centered design process
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The approach consists of the following parts (1) evaluation of current tablet
computers, (2) literature review regarding design aspects focusing the elderly,
(3) questionnaire to identify suitable areas of application, (4) developing design con-
cepts and (5) evaluating the developed concepts.

In a first step current tablet computers were compared and evaluated regarding their
usability, especially focusing on the needs of elderly computer users. In a next step
general age specific design guidelines as well as results of own user studies (see Schlick
et al. 2013) were analysed regarding their fitting for the age-specific design of mobile
systems, especially tablet computers. In order to understand the needs and wishes of the
elderly computer users a questionnaire with 35 items was developed. Afterwards based
on the results of the literature review as well as the questionnaire two different concepts
were designed and evaluated.

2.1 Evaluation of Current Tablet Computers

Primarily two of the most commonly used tablet computers (Samsung Galaxy Tab with
Android software and Apple iPad with i0OS) were compared respective their usability
for elderly computer users. Therefore, the subjects have to work with the two systems,
executing typical tasks like editing or sending emails. Thereby suggestions, ideas and
problems while working with the systems were collected with the thinking aloud
method (Boren and Ramey 2000). Afterwards the subjects rated the overall perfor-
mance of both systems on a scale from 1 = excellent to 6 = insufficient.

Test Subjects. The sample consisted of nine subjects between 61 and 75 years
(M = 69.8, SD = 5.2). Their previous technical knowledge was rated by the subjects
on a scale from 1 to 6 with 3 (SD = 1.1).

2.2 Literature Review — Design Guidelines

Fortunately, there is already a large body of tried and tested knowledge and design
principles available. Table 1 describes a small extract of age-related changes of per-
formance and corresponding design guidelines which where considered. For the overall
results (see Jochems et al. 2010).

2.3 Development of the Questionnaire

The questionnaire consists of 35 questions focussing on (a) demographic data,
(b) technical affinity (Karrer et al. 2009), (c) prior technical knowledge, (d) frequency
of use and (e) application scenarios for tablet computers.

Test Subjects. The sample consisted of n = 54 participants. 59 % were female and 41
% were male. The participants were between 61 and 86 years of age (M = 71.2,
SD = 5.5). For the statistical analysis the participants were divided into two age
groups. Age group I (AGI) consisted of 22 participants between 61 and 68 years
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Table 1. Age-related changes and corresponding HCI guideline
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Age-related changes

Corresponding HCI guidelines

Decrease accommodation ability
Degradation depth perception

Reduction visual acuity
Limitation color perception
Reduction contrast sensitivity

Problem to record information in memory

Reduction of memory span to 5,5 items

Increase duration of presenting objects

Simple two-dimensional consistent
visualization

Adaption of font size
High-contract colors

Maximize contrast between font and
background

Highlighting of important information, for
example arrangements in groups

Elimination of nonrelevant information,
highlighting important information

Loss of information (working memory)
especially complex information
Reduction of spatial sense

Reduce complex visualizations, improve
recognition by uniform design
Assistance for spatial orientation like

directory of available information,

adaption of the menu, assistance to

navigate for example overview map

Problems learning new skills regarding
attended time, number of mistakes, number
of repetition and so on

Reduce complexity of required skills and
present suitable training material

Reduction of fine motor skills Alternative input devices, large buttons,
adaption of the menu structure

M = 65.6, SD = 1.9). Age group II (AGII) consisted of 31 participants between 71
and 86 years (M = 75.1, SD = 3.3).

In terms of educational level 27.5 % of the subjects had certificate of secondary
education, 35 % general certificate of secondary education, 7.5 % advanced technical
college entrance qualification and 30 % final secondary-school examinations.
Regarding their current working situation 85.2 % were pensioners while 14.8 % are still
employed.

2.4 Development of Different Design Concepts

Based on the findings thus obtained, two different interface layouts were designed and
mock-ups were implemented. Both mock-ups contain the essential features based on
the results of the questionnaire. The main differences are the visual illustration of the
structure (categories or applications with corresponding icons) and the implementation
of individual functions as well as interaction concepts. Concept 1 is based on an
interaction concept similar to tablet computers while concept 2 is based on interaction
concepts of personal computers.
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2.5 Evaluation of the Design Concepts

The evaluation was conducted in two steps. In a first step the systems were introduced
to a possible user group during a senior event for analysing advantages and disad-
vantages of the two concepts. Afterwards the subjects rated the overall impression of
the two concepts on a scale from 1 = excellent to 6 = insufficient.

In the second step a task-based evaluation inside a usability lab was executed. The
subjects have to work with the application photo gallery (see Fig. 4). Therefore, typ-
ically tasks like searching and editing of photos have to be performed.

Test Subjects. In the first evaluation step 12 subjects (60 plus) filled in the ques-
tionnaire and rated the two layouts. In the second step nine subjects between 61 and 75
years of age (M = 69.8, SD = 4.83) took part in the usability study.

3 Results

3.1 Evaluation of Current Tablet Computers

Based on the thinking aloud method many usability problems (for this specific user
group) appeared. Neither of the subjects had the ability to solve the tasks unassisted.
Major functions were not found, buttons und functions misinterpreted and problems
with the touch-sensitive screen appeared. In Fig. 2 (right) the main aspects are sum-
marized. Overall four of the subjects preferred the android tablet because of its simple
symbols and its layout, four subjects preferred the iOS systems because of its similarity
to well-known systems and one subject preferred either of them.
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Fig. 2. Results of the evaluation, total score of the two system (left), usability problems (right)
(Color figure online)

3.2 Questionnaire

Overall 54 subjects filled in the questionnaire. Focussing on the use of information and
communication technologies especially the use of mobile technologies, 17 subjects use
a smartphone while nine persons are daily users and seven subjects didn’t even know it.
Regarding tablet computers 11 subjects use it, six subjects are daily users and seven
didn’t know this technology.
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Fig. 3. TA subscales regarding age group (Color figure online)

Considering the technical affinity (TA, see Karrer et al. 2009) among the elderly, no
significant correlation between age and TA could be found. Figure 3 visualised trends
between age group and the TA subscales (excitement, competence, negative attitude
and positive attitude).

Concerning the correlation between ICT use and technical affinity, significant
positive correlations could be found between the use of smartphones and TA (r = .48).
Interestingly there are no significant correlations between the use of a tablet computer
and technical affinity.

Another important goal of the questionnaire was the investigation of suitable
application areas for the development of an age-specific tablet computer. Therefore, on
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Fig. 4. Using frequency of common applications (Color figure online)
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the one hand typical application areas for tablets as well as their frequency of use were
analysed and on the other hand possible further application areas were determined.
Figure 4 illustrated the number of subjects using the different applications (overall,
daily, regular, occasional and rarely).

These results confirm general statistical data regarding application areas of elderly
tablet users. In this regard 84 % of elderly users surf the web, 77 % watch videos or
photos and 77 % write or read emails on a tablet computer (see BitKom 2015).

Looking for further possible applications the subjects are interested in music (57 %),
gardening (44 %) as well as news (70 %).

3.3 Design Concepts

Based on the results of (1) the evaluation of current tablet computers and the corre-
sponding usability problems, (2) the design guidelines (literature review) as well as
(3) the results of the questionnaire two design concepts were developed. Therefore, the
main areas of application (internet, communication and photo gallery) desired by the
subjects, were implemented. In the following some main aspects of the two concepts
are described. One aspect that is implemented similarly for both concepts is the pos-
sibility of adaption respective luminance and font size. The possibility of adaption of
these dimensions is the first step when working with the tablet.

One aspect that differentiated between the two concepts is the interaction with the
touch-sensitive display. In the first concept the user could thump though the data while
in the second one they have to scroll (see Fig. 5).

4\ Face plan
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|0 unsorted
|

|3¢ newfolder

Fig. 5. Two different interaction concepts for navigation within the application “photo gallery”,
left: concept 1 (thumb through the photos) right: concept 2 (scroll through the photos)

One further problem mentioned by the subjects regarding current systems was the
differentiation between diverse communication applications (see Fig. 2). Therefore, in
concept 1 all communication approaches are combined in one application (see Fig. 6).
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Fig. 6. Two different concepts for communication. Left: concept 1 integrated different
communication applications, right: concept 2 based on a classical separated design

3.4 Evaluation of the Design Concepts

First the two concepts were evaluated by 12 subjects during a senior event. The overall
evaluation of both concepts is described in Fig. 7. To this effect the two concepts were
valuated approximately equal with a tendency for concept 2. If the subjects have to
select one of the two concepts 50 % preferred concept 2 because of its clearly arranged
design, whereas only 17 % preferred concept 1. Some positive and negative aspects as
well as improvements mentioned by the subjects are summarized in Fig. 7.
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Fig. 7. First evaluation results for both concepts (Color figure online).

The next evaluation step was a task-based usability study. Following first
impressions of the subjects based on the differences between the both concepts are
summarized:

Scrolling is preferred compared to browsing page by page
Stepwise presentation and zooming of photos is favoured
Pop-up windows are desired instead of inconspicuous windows
Navigation in full screen is preferred
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4 Discussion

The distribution and the common use of mobile systems in the working environment as
well as in the private sector, make safe handling of the systems necessary for users of
every age in order to participate in nowadays social life. Within the scope of this study,
design approaches for tablet computers are developed to facilitate the interaction for
elderly users. Thereby the presented approach described just a starting point combining
different methods as part of a user centered design process. In a next step the two
concepts have to be overworked regarding the first impression and references of the
subjects and have to be tested in an extensive usability study recording objective as
well as subjective data. The overall goal should be the transformation of the results into
general design guidelines for information and communication systems designed for
elderly users.

Acknowledgements. The questionnaire and aspects of the layouts were development as part of
a student work. Thanks to Daniel Grosche, Adrian Gobbels, Marco Schwandt and Florian
Thaeter as well as Prof. Martin Leucker.
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Abstract. In this paper, we discuss tangible interfaces as an alternative to
touch-based interfaces and report from a study where we ported traditional
screen-based solutions to physical solutions in order to make information more
accessible. Our research approach targets the needs of elderly users who struggle
with using, or are unable to use, existing touch-based interfaces currently
available in municipal care homes. In an attempt to make assistive technology
more readily available to this group, we aim to draw on their existing knowl-
edge, competence and habits when designing alternative assistive technology.
We present a tangible alternative to an existing touch-based interface, and
discuss how tangible interfaces can help assistive technology become more
available and familiar, thereby lowering the threshold for use and making
information more accessible.

Keywords: Tangible interfaces - Assistive technology - Elderly users

1 Introduction

There is an increasing availability of welfare technology designed to assist elderly
people. Elderly users of assistive technology constitute a heterogeneous group of users
with varying degrees of capacity and function. The design of new technology does not
always take into consideration this diverse user group’s needs and varying degree of
function. Our research targets the needs of elderly users who struggle with using, or are
unable to use, existing touch-based interfaces currently available in municipal care
homes in Norway. We present a tangible prototype named GLiMT that aims to support
existing competences and habits by porting selected functionality from a traditional
screen-based solution to a physical solution. GLiMT attempts to make information more
accessible to users struggling with touchscreen interfaces by allowing them to interact
trough a physical interface. We included a total of 42 elderly participants (aged 67 to
92 years old). The prototype serves as a demonstrative artifact and allows us to compare
current touchscreen-based interaction with a tangible alternative. We draw on the results
of our interviews and usability tests to discuss the potential role of tangible interaction in
the context of assistive technology. We use the case of GLiMT to discuss how tangible
interfaces can help users experience assistive technology as available and familiar, and
thereby help to lower the threshold for use and make information more accessible.

© Springer International Publishing Switzerland 2016
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DOI: 10.1007/978-3-319-39943-0_6
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The paper is organized as follows. Section 2 provides a brief overview of related
work on tangible user interfaces and frameworks in the context of elderly people. We
then outline our empirical context and research methods of our study in Sects. 3 and 4,
before we present the results in Sect. 5. In Sect. 6, we present a discussion of the
implications of our study, and the potential of opportunities that arises when moving
from screen-based to tangible interaction.

2 Related Work

One of the three dimensions of aging defined by Spreicer [1] is biological age. Reduction
of bodily capacities, such as loss of fine motor movements, limits our ability to interact
with certain interfaces. Prior research has demonstrated that screen-based interaction
introduces new of challenges due to bodily changes [2, 3]. Spreicer [1] further argues that
cognitive aging changes our cognition and information processing abilities, and thereby
makes it difficult to adapt to new problems without extensive training.

There has been some relevant research on tangible interaction as a way to overcome
the challenges of traditional screen-based interfaces. Gamberini et al. [4] introduces
Eldergames, an interactive physical apparatus that provides social cognitive training.
Cognitive rehabilitation has also been the goal of the work of de la Guia, Lozano and
Penichet [5] who used a NFC-based solution to accompany touch-screens in a
game-based setting. Iversen and Joshi [6] introduces various tangible and embodied
prototypes for helping elderly deal with declining bodily and cognitive skills. The work
of Héikio et al. [7] presents a solution similar to ours as it relies on NFC-based
interfaces in order to help elderly people solve daily tasks such as ordering meals.
Findings from their paper suggest that decline in motor abilities does not necessarily
prevent or complicate the use of the system.

Cho et al. [8] present a framework for tangible user interfaces tailored for elderly
users. The framework introduces two dimensions; tangible interface properties and
supportive interface properties. We draw on four of these categories in the discussion to
understand the tangible properties of our prototype. More precisely, from tangible
interface properties, we include manipulation and intuitiveness; from supportive inter-
face properties, we have elicited accessibility and simplicity as the main implication
relevant for our research. Simplicity is described as easy to understand in this framework,
however designing for simplicity in the context of elderly people and assistive tech-
nology is not a simple matter, and our prior research has demonstrated how screen-based
interaction, in particular, may become too challenging for the users [3]. Thus, our
understanding of simplicity introduces a more tailored understanding of the term; sim-
plicity is to be understood only through the experience of the user, rather than something
context-detached, and it should build on mastery and context to support users.

3 Empirical Context

Our study is part of a larger research project focusing on assistive technology in
cooperation with Oslo Municipality. Two local care homes served as our primary
locations for understanding the problem area and gather data for user requirements. In
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addition to these two local care homes, we used a third activity center to recruit
participants for our control group. The care home offers residency to elderly users with
cognitive and physical impairments. As a part of the Municipality’s welfare program,
each apartment comes preinstalled with a set of assistive technologies. One of these
assistive technologies is a customized tablet installed in the apartment [3]. The tablet is
portrayed in Fig. 1 (left) and served as the touch-based device which we used as a basis
when porting functionality to our proposed tangible prototype.

3.1 GLiMT

The GLiMT prototype, illustrated in Fig. 1 (right), is a small wooden cube that receives a
stream of four categories of online information through a wireless configuration. The
information is identical to the information offered through the existing touchscreen-
based tablet. The cube has four sides with corresponding symbols to represent the four
categories of information. Incoming messages are signaled by having the corresponding
side of the cube light up. Messages can be displayed on any bigger screen that the
residents are comfortable with, e.g., tablet, cell phone or TV, by placing the lit side of the
cube next to the back of the device or remote control (TV). The topside displays a small
screen where a thumbnail of the sender of the message is shown inside a frame with the
corresponding color. The bottom side has an inductive charger unit to charge the cube
whenever it’s placed on its base. It is designed not to be confined to each apartment, but
to be carried around in the whole local care home. A battery icon indicates charging, and
this icon is repeated on the charging station. While charging, a battery icon symbolizes
the charging status on the small screen on the top of the cube.

Fig. 1. The current touch-based tablet (left) and the GLiMT prototype (right).

4 Research Methods

The research was conducted over three months during the autumn of 2015. The main
goal of our mixed-method approach was to gain insight into challenges with current
touchscreen-based interfaces and to compare the device to our tangible alternative.
Table 1 presents an overview of all participants included in our study. We conducted
six individual interviews, and two sessions of group interviews with a combined total
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Table 1. Overview of research methods and participants.

Participants
Research Method Experiment group | Control group
Interviews 6
Group interviews 5 5
Usability test — formative 11 8
Usability test - summative 3 4
Total 25 17

of 10 participants. We carried out formative testing on the GLiMT prototype and held a
summative test to compare real-task differences between the tangible prototype and the
existing touchscreen-based interface.

The participants involved in this study were residents at the local care homes. We
also recruited participants for the usability test from an independent activity center for a
control group to reduce the likeliness of contextual bias. Most of the visitors at the
activity center resided in private homes and came to the activity center during daytime
to participate in scheduled activities such as dinner and board games.

The total number of participants was 42 people, with 25 in the experiment group
and 17 in the control group. The age ranged from 67 to 92 years (M = 80). We
recruited our participants through the method of convenience sampling by visiting both
care facilities and joining activities in the common rooms. We aimed to achieve a
balanced and representative distribution of age and gender within the target population,
but the gender distribution was skewed towards women (61 %). While we did recruit
several users with physical impairments, there were also instances where people
declined to participate because of physical impairments.

4.1 Interviews and Group Interviews

We used semi-structured interviews and group interviews to capture the daily life in the
common rooms of the care home to understand the problem space and establish an
understanding of current challenges. The interviews were conducted in the common
rooms of the care home over the course of three weeks. We spent the time visiting the
care home on five separate occasions to take part in daily activities like dinner in the
cafeteria, afternoon coffee, and reading group in the library of the care home. We asked
questions about what technological devices they used regularly, as well as related
questions regarding social aspects, daily activities, routines, and communication with
relatives. We also complemented the interviews with observations of their daily life in
these common rooms and discussed their current assistive technological devices, like
digital pill organizers, safety alarms, and the customized tablet. Figure 2 portrays some
of the interview and observations activities conducted.

To more accurately present the results of the interviews and group interviews, as
well as provide a more detailed analysis, we end this section by providing an overview
of all participants who contributed to these activities in Table 2. Three participants (#5,
#10, and #16) chose not to disclose their age.
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Fig. 2. Examples of conversations, interviews and walkthroughs with participants.

Table 2. Overview of participants in interviews and group interviews.

Interviews
Participant # | Sex | Age | Participant # | Sex | Age
1 F |83 4 W |87
2 M |84 5 M |?
3 M |79 6 W |86
Group interview — Group interview —
experimental control

Participant #| Sex | Age | Participant # | Sex | Age

7 F |92 12 M 84
8 F |83 13 M |86
9 F |79 14 W |67
10 F |? 15 W 89
11 F |68 16 M |?

4.2 Usability Tests

We conducted two rounds of usability testing, one formative and one summative. All
tests were conducted in the common rooms of the two institutions during times where
there were organized activities such as dinner and afternoon coffee. The formative
usability testing was conducted on an earlier version of the GLiMT prototype in order
to get feedback on performance. More precisely, we registered the number of attempts
and error-rate as participants, who struggled with the existing touchscreen tablet or
were unable to use it, carried out a set of 10 daily tasks that encompassed all major
aspects of the interaction. 19 users participated in this formative evaluation, 11 in the
experiment group and 8 in the control group.

In the summative evaluation, we compared performance when using GLiMT vs.
touchscreen-based devices. This usability test required participants to be capable of
using any touchscreen-based device (e.g., provided a tablet or own mobile phone), and
being familiar with common tasks and main interaction mechanisms. Thus, the number
of participants was lower during this test. Seven users participated in the summative
test, 3 in the experiment group and 4 in the control group. The participants were asked
to perform 11 daily tasks during the evaluation.
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Fig. 3. Elderly users participating in the summative usability test.

The tasks used during the two tests provided insight into several aspect of the design
such as (1) understandability of the concept of interaction, signals and messages;
(2) perception of representation, typography and icons; (3) volume and quality of
auditory feedback; and (4) difficulty with operational tasks (handling, manipulating, and
charging). Participants were encouraged to think out loud while performing the tasks in
order to capture any additional opinions. Examples of tasks included reading daily
activities, identify the sender of a picture, and charging the device. The participants were
given instructions and demonstrations of all tasks included before initiating the test, and
the task order in both rounds was randomized to negate any learning effects. Figure 3
shows two of the elderly residents that participated in the summative evaluation, and how
they used different touchscreen-based interfaces based on preference.

5 Results

5.1 Interviews and Group Interviews

We performed a thematic analysis of the gathered data from both the individual and
group interviews. We categorized the data into four thematic areas by using an
inductive approach [9] with two levels of clusters for each identified thematic area.
Table 3 presents an overview of the four thematic areas that emerged from the data
collected during the interviews and group interviews.

In our interviews, the customized tablet was repeatedly brought up as a topic of
interests to the participants. 4 out of 6 participants from the individual interviews
reported difficulties with the touch-based interaction. For certain residents, the
touch-based interaction felt unfamiliar: “Ir is strange to use your hand like this
[demonstrating with a sweeping motion with the hand], so I don’t really care much for
it, haven 't really used at all” (Participant # 3). Connectivity problems led to the content
of menu and activity calendars not being updated on a daily basis: “It has been [the
same dish] on the menu for a week, one has to go down [to the common rooms] when
the tablet does not work” (Participant #7). Two of the users reported that they preferred
to go to the common room to read the poster on the wall because they found it easier
than using the tablet. The manager of the care home reported that the tablet was of
“limited use to the residents” because of these usability problems. The charging unit for
the tablet was mounted on a wall in the kitchen of the apartments. This led to the tablet
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Table 3. Overview of elicited thematic areas.

Thematic area Reported by participant #:

Contextual factors (e.g., configuration of assistive #1, #8, #9, #10, #11, #12, # 13,

technology) #15

Challenges with touchscreen-based devices #1, #2, #3, #10, #12

Delivery and accessibility of assistive technology #1, #3, #4, #5, #7, #8, #9.#11, #12
#15

Technological development and expectation to adapt #2, #6, #14

not always being available to the users who depended on assistance to get out of bed in
the morning, or used wheelchairs, walkers or other aids.

Regarding the participants use of technology, in general, we found that all of the
participants owned and used a TV regularly. The use of cell phones and tablets was
common but to a varying degree. Some participants also had a personal computer that
they used. Participation in social media and the internet varied considerably, from daily
use to no use. Also, all residents had assistive technology such as automatic control of
lighting and heating in their apartments. This increasing number of assistive techno-
logical devices was also a topic of interest for the residents. This was brought up by
participants both in individual interviews and in the two group interviews; the par-
ticipants expressed a feeling of being overwhelmed by the number of technology
devices and concern regarding the implications for the quality of intrapersonal rela-
tionships between caretakers and the elderly people in need of assistance. 9 of the 16
participants in the individual and group interviews expressed a feeling of being
overwhelmed by the increasing number of assistive technology devices in their daily
lives, e.g., “It can be too much of a good thing” (Participant #6), and “Technology is
fine, but many are not using it at all” (Participant #9).

Three participants reported that they thought it was difficult to follow the techno-
logical development in their personal use of technology: “I will attend a course next
fall. It will be good to learn to use it [the tablet]. It’s easy for those who know it”
(Participant #2). During both group interviews, there were participants who were
uncomfortable with giving an opinion on the use of technology because they did not
feel that they knew enough about it. Also, not all the participants who reported feeling
overwhelmed by the amount of assistive technology had difficulties using the tech-
nology. Two of the participants actively used smartphones, computers and the tablet,
but expressed a general interest in the development of the caretaking technologies.
A third participant had a professional background where she had worked with com-
puter systems since the early eighties and were interested in following new develop-
ments as well as their impact on the community.

5.2 Usability Tests

During the formative test, we registered error rates during task-solving for the 12
participants with the GLiMT prototype. Every participant in both the experiment group
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and control group was able to grip fully and manipulate the object, and there were no
apparent challenges with handling the cube for any participant. 6 out of 12 participants
struggled with at least one of the screen-specific tasks (e.g., reading a message from the
screen). The reasons varied from small letters and weak contrasts to navigation and
interaction challenges.

As Fig. 4 demonstrates, the average number of errors per task peaked at 1.428 (for
task #1 and #10), yet remained below 1.0 as average errors per task for the 12 par-
ticipants. Out of the 120 tasks solved by the 12 participants, 19 errors were registered.
One participant in particular (male, 81 years) made 5 of the total 19 errors. Thus, most
participants made it through all tasks without making a single error. Only one task was
solved by everyone without making errors, but we did not register any significant
reasoning for this one error-free task.

During the summative test, we ran comparative tests on the GLiMT prototype vs. the
touch-screen device. Figure 5 presents an overview of the time spent during task solving
for the 7 participants. The red-colored line illustrates the number of seconds spent per user
with their currently preferred touch-screen device, which in this case was their mobile
phones; the blue-colored line illustrates the similar performance time with GLiMT. An
independent-sample #-test was conducted to compare the performance time, and the
results from the #-test are reported in Table 4. While only three of the participants were
above the average for the touch-screen device, we still registered a significant difference
in time spent when using the touch-screen device vs. GLIMT (p = .028). The average
time spent per user was significantly lower for users of GLIMT (M = 8.428, SD = 4.198)
compared to the touch-screen devices (M = 23.14, SD = 16.608), and no single partic-
ipant performed faster with their existing device than with the GLiMT prototype despite
this being a novel and previously unexperienced interface for most participants.
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Fig. 5. Time spent on task solving for GLiMT and touch-screen device
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Table 4. r-test comparing performance on GLiMT vs. touch-screen device

Device n | Mean | SD t-stat t-crit |df | p
GLiMT 7 |8.4284.198 |-2.272 |1.894|6 |0.028
Touch-screen 7 |23.14 | 16.607

device

6 Discussion

GLIiMT has served as an interesting prototype in the exploration of how tangible
interfaces can open up new interaction opportunities in the context of assistive tech-
nology. For elderly people who are unable to use touchscreen-based interfaces for
various reasons, our demonstrative prototype has provided empirical evidence of how
porting functionality over to new interfaces can reconnect users with important assis-
tive technologies. Furthermore, it demonstrated how using familiar movements and
actions as input rather than screen-based commands enabled participants to operate
new interfaces with a very low error rate (as illustrated in Fig. 4). Moving beyond the
particular functionality of our prototype, this study has presented some new opportu-
nities for interaction through tangible interfaces. In this section, we discuss aspects of
interaction with assistive technology supported by our empirical results.

Considering the category of accessibility from the framework of Cho [8], the
interviews revealed a strong general opinion of touch-screen devices being inaccessible
due to high thresholds of use; the interface was too difficult to use and required too
much effort to understand for most people to get started. Increased complexity raises
the threshold for interaction, something that may scare away elderly users [10]. Par-
ticipants also stated that the touch-based interface felt unfamiliar to them, contributing
to their feeling of being overwhelmed. These results confirmed similar trends in our
previous research [3], where a similar interface was perceived as complex. One of the
significant effects of porting functionality over to a tangible interface in this study was
the effect on how the users perceived technology and digital information. The tangible
interface was perceived as more familiar and thereby more accessible to most users.
Both the interviews (Table 3) and results (Fig. 5) demonstrated fewer errors and faster
completion time for daily tasks when using GLiMT. By porting selected functionality
to a tangible user interface, we aimed to simplify the interaction and build on the users’
existing experiences of bodily interaction and manipulation of physical objects. With
our extended understanding of simplicity [3], mastery is an essential success factor for
achieving interaction with low thresholds and in turn intuitiveness [8]. Several par-
ticipants claimed that they only needed to deal with touchscreen-based interfaces after
moving into the local care home, and they did not have any prior experience or
particular desire to learn new interfaces. The threshold for mastery required new
incorporation of interaction mechanics (such as swipe, drag, and pinch), and relied on
cognitive capacities.

Our tangible prototype aimed at relying less on heavy cognitive abilities by
reducing the number of steps in the interaction to a minimum (as demonstrated in
Table 4), as well as building on familiar gestures and movements for interactions that
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had been a part of their prior experience. Past experiences, along with cognitive
capabilities, have been demonstrated to have an influence on task performance [11].
Reduction in memory load is a significant advantage of the proposed design in [5].
Building new technologies on familiar metaphors and experiences was also the strategy
of [10, 12] when designing for elderly people. Another aspect of mastery is allowing
elderly people to engage in interactions that respect their bodily capacities. With bodily
changes, a lot of touch-based interfaces became inaccessible due to physical or psy-
chomotor disabilities or reduction in capacity. This point was also made by [2]. One
particular participant stated that physical capacities complicated the interaction: « I'm
not very good at that, I can’t make it work, it is difficult to start [the interaction], to
press » (Participant #2). GLIMT was designed to offer more flexibility with regards to
the bodily configuration in order to acknowledge the importance of manipulation [5, 8]
also argues for more flexibility. By designing the interface as a light-weight cube, we
opened up new interactions mechanisms that were unavailable to the users when
interacting with the tablet. For instance, people with only one good hand were in most
cases unable to use the tablet in any other configuration that on a table, while they were
fully able to operate GLiMT. The four leveled sides provided good stability, and its
non-fragile components did not break like glass if the user were to drop it.

One challenge with the design of our tangible prototype was the consistency which
affected the intuitiveness. Intuitiveness has been an important part of the design of
similar studies, e.g., [4]. Several participants in the usability tests expected the device to
charge by putting the charging icon on the screen down towards the charging icon on
the base station. This indicated a perceived break in intuitiveness; they did not notice
the battery icon on the bottom of the device at first. Similarly, we found that not all
elderly users were familiar with commonly used iconography representing functions in
technological devices, such as the battery icon. Some participants did not recognize the
icon and did not understand the interface metaphors: “It reminds me of a remote
control or something, maybe a temperature regulator. Maybe if the tip was more
articulated... it wouldn’t take much” [elaborating on what the icon represented to him
and how it could be altered to remind him more of a battery]. Again, this demonstrates
how building on familiar metaphors and gestures is an important implication as there
might be breaches in the cultural knowledge of representations [2], thereby violating
the intuitiveness. Furthermore, by involving the users in the design process and explore
what different representations means to these users, one can tailor representations that
build on their existing knowledge [13]. Not designing the cube of our tangible pro-
totype after the concept of tailoring became an evident limitation of the design. While
our prototype outperformed the existing touchscreen-based interface, we do not claim
this prototype to be a definite piece of technology; instead, it serves as a demonstrative
prototype that illustrates the potential of utilizing the key concept of tangible interac-
tion, for instance, tailored representation.

We also registered how the tangible interface incorporated better with the contexts
of use, most notably how the elderly users perceived the technology as a part of the
home. Familiarizing the technology helped us re-establish interaction, yet we still saw
how it also needed to align with the surroundings of the homes of each participant. One
participant said that the design of the existing technology should be “black or light so it
could go with anything. Then it would be more appropriate in my home”. However,
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most elderly people in our empirical context had a different aesthetic in their homes and
did not feel that the black, chrome, edgy and flashy screen-based devices blended well
with the context. The wall-mounted tablet stood out in most wooden-furnished homes
as an exterior addition to the household. Thus, we aimed at developing a wooden cube
that would embed well in the households and reduce the chance of disrupting daily
activities. This idea of embedding technology into the everyday environment is also
advocated by [7]. This was also the reason for extending the functionality of GLiMT to
televisions which were a piece of technology all participants in our study had and used
regularly. Building on top of existing technology already incorporated into daily
routines further increased the accessibility and did not introduce any major changes to
their spatial setup. This also increased the freedom to refrain from adapting to new
undesired technology and instead continue relying on familiar technologies such as TV.

7 Conclusion

This paper has used GLiMT as a demonstration of how tangible interfaces building on
habits and prior experiences can help elderly users of assistive technology reconnect
with lost interactions. The aesthetic nature of the tangible interface allowed the design
to immerse better with the contexts of use, as well as to signal a more appealing and
accessible interface. We have applied a thematic analysis as well as traditional usability
tests to compare the performance of the tangible alternative with existing solutions, and
demonstrated the potential of porting screen-based functionality to tangible interfaces.
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Abstract. We developed a web-based experiment platform for psychological
experiments and questionnaire surveys to evaluate accessibility, especially for
elderly participant studies. Our proposing system is an accessible experiment
platform for experimenters and participants, which has necessary and sufficient
functions for studies to solve many open questions of aging society, especially
for evaluating accessible design. This system has three advantages. (1) No
programming knowledge is needed for users. This system makes surveys and
experiments possible only by inputting essential values and words such as a
sentence of question, a file name of image to present, a numerical value of presen-
tation time. (2) The System requirements are less severe than other systems. The
user can run experiments on a PC, tablet, or mobile, without installing any specific
software. If the study does not require strict control of environmental conditions,
elderly people can join the survey at home or anyplace. Moreover, this system
enables studies for elderly people without a lot of costs, since it is web-based and
does not need to have many licenses. (3) Our proposing system has essential
functions for basic psychological experiments. It is compatible with personal
information protection, confirmation of written consent, design of the task proce-
dure (randomize, block, shuffle), input and response (e.g., free description, eval-
uation axis, selection, coordinates of mouse click, and response time). The
proposing experiment platform is useable for the accessibility study to fill in the
gap of digital divide, especially the studies of human computer interaction in
aging society.

Keywords: Accessible design - Evaluation tool - Cognitive technology -
Experimental psychology - Questionnaire survey

1 Introduction

There are usually three problems for studies in accessibility with elderly people. One is
that elderly people’s answer and reaction are varying widely from individual to indi-
vidual, in comparison with the most of the young adults’ experiments. A large number
of participants are needed to see a distribution of findings’ average and individual
differences among elderly people in the whole society [1, 2].

Second problem is the difficulty to recruit a large number of elderly people. There
are many studies supporting that increase of risk of involved an accident in living
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environment is related to aging of cognitive and physical functions [3, 4]. Therefore,
experimenters can recruit only small number of healthy elderlies who have not so much
difficulties in accessibility in daily lives, although the target of many aging studies in
accessibility is focusing on people who have interrupted their social activity by difficulty
of accessibilities.

The third problem is the research environment. It costs a lot of time and money to
gather many participants to a lab for experiments. And also it costs a lot of time and
money to prepare and conduct paper-based questionnaire survey on many participants.

To solve these three issues, we built a web-based experiment platform that makes
psychological experiments and paper-based questionnaire survey easy, especially for
elderly participants in aging studies. This system has three advantages. (1) No program-
ming knowledge is needed for users. Most of the previous systems need computer
programing technics and technical knowledge about information technologies [5-7],
and/or require installation of OS dependent software for each devices [8—11]. This
system makes surveys and experiments possible only by inputting essential values and
words such as a sentence of question, a file name of image to present, a numerical value
of presentation time. (2) The system requirements are less severe than other systems.
The user can run experiments on a PC, tablet, or mobile, without installing any specific
software. If the study does not require strict control of environmental conditions, elderly
people can join the survey at home or anyplace. Moreover, this system enables studies
for elderly people without a lot of costs, since it is web-based and does not need to buy
many licenses. (3) Our proposing system has essential functions for basic psychological
experiments. Moreover, it is compatible with personal information protection, confir-
mation of written consent, design of the task procedure (randomize, block, shuffle), input
and response (e.g., free description, evaluation axis, selection, coordinates of mouse
click, response time).

2 Concept of the Envisioned Approach

Figure 1 shows a conceptual structure of our proposing accessibility evaluation platform.
Our proposing barrier-free experiment platform is consisted of two main components;
the experiment building system (EBS) and the participant experiment system (PES).
The main programs of both systems are in the server computer that connected to the
Internet. Experimenter can make general psychology tasks and/or questioners by
connecting to the EBS on the server without any knowledge of machine languages (see
Sect. 3 in detail). Participants can participate the experiment from any places by
accessing the PES through the Internet (see Sect. 4 in detail).
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Fig. 1. Conceptual structure of our proposing accessibility evaluation platform

3 The Experiment Building System (EBS)

In this section, we explain how to build experimental settings by the EBS on the server.
Functions and procedures are in the following subsections. Figure 2 shows an example
of the main window of the EBS, which is simple and similar to a file server.

Back  Experiment Building System manager

root/Experiments/Demo_exp1

File name Update time Delete

index.csv 2015/05/13 13:38:44 X

2015/05/13 13:38:41 X
2015/05/13 13:38:37 X

/ task.csv

7 trial.csv

.4 Create new experiment

“+ Upload new file
Fig. 2. Example of the main window of the EBS

3.1 Making a List of Participants

The researcher who conducts the experiment sets a login ID and password of this devel-
oped system for each participant. The list will be used for the participants’ identification
when they participate in the experiment and also for the experiment log. We do not need
to input any the participants’ personal information in both EBS and PES. We control
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the personal information separately and link it to the login ID, so that we can avoid the
risk that personal data leak from this system.

3.2 Making an Experiment

An experiment will be created by making an experiment folder in the server specified
directory. The name of the experiment folder will be the name of the experiment. The
experiment will be created by uploading the files that contain each experiment’s infor-
mation to the experiment folder.

3.3 Uploading Written Informed Consent for the Experiment

Make “written informed consent” by PDF format, which mentions the purpose and
content of the experiment and confirmation of consent, and then upload it to the corre-
sponding experiment folder.

3.4 Making an Experiment Program

Experimenter can create an experiment program only by writing the experimental
conditions in the text file of the comma separated value (CSV), without knowledge of
machine languages or computer programing. The program has three layer composition:
“Index” which settles upper whole experiment structure, “Task” which executes tasks
in the experiment, and “Trial” which is used in the tasks.

3.5 Making Index

Setting the followings: display conditions throughout the experiment (background color,
font color, font size), the unit of size [visual degrees/points] used in the setting descrip-
tion for the whole experiment, and the tasks that will be executed in the experiment and
their execution order. If the experimenter arranges the task file names in the Index file
simply, the order of tasks that will be executed will be performed in order of the descrip-
tion. Also, it is possible to execute them in random order, by using the task name list.

3.6 Making Tasks

Describe the setting for each task in the experiment. Setting the followings: display
conditions throughout the task (background color, font color, font size), the unit size
[visual degrees/points] used in the setting description for the whole task, and the trials
that will be executed in the task and their execution order. The order of Trial executed
will be performed in order of the description, if the experimenter arranges the trial file
names simply in the task file. Also, it is possible to execute them in random order, by
using the trial name list.
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3.7 Making Trials

Describe the setting for each trial in the experiment. Setting the followings: display
conditions throughout the task (background color, font color, font size), the unit size
[visual degrees/points] used in the setting description for the each trial.

4 The Participant Experiment System (PES)

In this section, we explain how participants access and participate in the experiment by
the PES.

4.1 Preparation Before Starting Experiment

The experimenter who conducts the experiment informs the login ID and password of
this developed system to each participant in advance.

4.2 Login

The participant inputs the login ID and password given in advance in login screen and
does the experiment system.

4.3 Choosing the Experiment

After login, the list of experiment titles that the participant can participate in will be
shown. The participant clicks the experiment name that he or she will participate in and
starts the experiment.

4.4 Explanation of Experiment Content and Confirmation of Consent to
Participation

The PES can show written informed consent that mentions the purpose and content of
the experiment and confirmation of consent. Participant reads the content of experiment
and agreement, checks the “agree” check box at the lower left. If the participant agrees,
the “next” button (at the lower right) color will change from gray to blue, then the
participant can click it for decision of agreement and can proceed to the next step (see
Fig. 3).

4.5 Setting to a Full Screen Mode

The participant is asked to set the PES window to a full screen mode by following the
displayed instruction. Proceed to the next step by clicking “next” button.
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Fig. 3. Demo of the informed consent display. PDF written informed consent is presented at the
center. Left bottom is a check box for agreement. If the participant inputs check in the check box,
the “next” button (at the right bottom) will change from gray to blue.

4.6 Setting the Screen Size

The participant is instructed to input the exact size of display. Proceed to the next step
by clicking “next” button.

4.7 Checking the Sound Volume

The participant is asked to check the volume of sound. Click “play the sample sound”
button and check the volume. You can play it any number of times. Adjust the volume
for PC and speakers and click “next” button to proceed to the next.

4.8 Ready Screen
Ready screen will be presented at the end of the setting of the experiment. If you click
“next” button, the experiment will start.

4.9 Experiment

The experiment will be executed as it was set by the PES. The participant does the
operation as displayed. Available experimental conditions are explained in Sect. 5.
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4.10 The End of the Experiment

When the experiment ends, participant can select to end and logout the PES, or continue
to start another experiment.

5 Available Experimental Conditions

The followings are available stimuli, procedures, and tests that already available on the
present system. If there are needs from experimenters, we plan to support and extend
more conditions.

5.1 Stimuli
Letters, words, sentences, symbols, squares, circles, images, movies, sounds, and combi-
nation of these elements can present in controlled conditions.

5.2 Conditions of Stimuli Presentation

Following conditions are available to control stimuli presentation.

Display position. The stimuli can be shown at the specified positions for specified
duration. Space resolution depends on resolution of the screen.

Presentation timing. The stimuli can be shown in specified timing and duration. Also,
it can be shown until the participant does operations such as key press. Time resolution
depends on the drawing speed of the device. The Table 1 shows the inspection result of
the stability of two devices.

Table 1. Results of stability verification tests in two devices

Device (0N} Stability verification:
maximum refresh ratio

iPad i0S 9.2 ©: max 30 Hz

DELL core i5 Windows 7 ©: max 80 Hz

Presentation order. Not only in the fixed controlled order, but also random selection
or shuffled order can be set for the multiple stimuli presentation.

Responses. Key operation and mouse click coordinates are valid during the experiments.
Also, you can record the Response Time (RT) of such operations. RT synchronizes with
the update of the monitor refresh timing; therefore RT resolution depends on the display
refresh ratio.
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5.3 Components for Tests and Questionnaires

Image selection component. Image selection component can display a question
sentence and multiple image choices. If you click on one of the images, the selected
image will be highlighted by a surrounding yellow frame (see Fig. 4). If you select
designated number of choices, the confirmation button will become active. Click the
confirmation button to decide the selection.

Fig. 4. Example of the presentation of item selection

Text selection component. Text selection component can display a question sentence
and multiple text choices. If you click on one of the texts choices, the selected text will
be highlighted by a yellow underline. If you select designated number of choices, the
confirmation button will become active. Click the confirmation button to decide the
selection.

Free description component. Free description component can display a question
sentence and free description answer column. Click the confirmation button to decide
the input.

Subjective evaluation (Grade rating) component. Subjective evaluation (Grade
rating) component can display a subjective evaluation question and sparse evaluation
axis (see Fig. 5). Labels can be presented at each grade point on the evaluation axis. If
you click one of the grades on the evaluation axis, a mark will be shown above the grade
point. Then, the select button will become active. Click the button and decide the input.

Subjective evaluation (Continuous axis) component. Subjective evaluation (Contin-
uous axis) component can display a subjective evaluation question and continuous eval-
uation axis. Labels can be presented at the both ends on the evaluation axis, and by
clicking on the axis with a mouse, a mark will be shown on the axis at the position. Then,
the select button will become active. Click the button and decide the input.
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I D

Fig.5. Example of the presentation of subjective evaluation (Grade rating). Left end was selected
and marked in this example.

Response recording component. Response recording component can record the key
pressed and the RT. Therefore, this component can use for response performance tests,
such as the two alternative forced choice (2AFC).

Search test component. Search test component can display multiple stimuli, search a
specified item, and perform a search test by answering it with a mouse and keys.

6 Discussion and Conclusion

In this paper, we proposed essential needs and technical specification for accessible
experimental platform for aging studies. This system can prevent risks for elderly people
to move from their house to the lab to participate experiments. We also developed a
prototype system of the proposed accessible experiment platform. Experimenters who
want to develop this system might be anxious about the primary creation cost. However,
we estimated the cost by developing the prototype system and confirmed that this system
can order from outside suppliers by the cost similar to the cost that achieves common
questionnaires or evaluation test two times. And also, the development cost of our
proposing system is similar or less than outsourcing the experiment using other fee-
charging web-research systems. Therefore, development of this proposing experimental
platform would be more reasonable solution than planning to call many elderly people
to achieve more than two studies, or planning to outsource the experiment to a fee-
charging research company.
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The proposing experiment platform is useable for the accessibility study to fill in the
gap between demographics and regions that have access to modern information and
communication technology, and those that don’t or have restricted access, especially the
evaluation studies of human computer interaction in aging society.
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Abstract. Digital game design is a complex activity relying on multiple skills
of the 21* century as such creativity, problem solving, collaboration in interdis-
ciplinary teams and computational thinking. The complexity of the knowledge
modelling and creation process, game design is a powerful learning activity that
could benefit in learning from childhood to older adults. Our experiences take
advantage of the digital game design as a complex learning activity and engages
learners from different age groups in a joint activity. In this paper, we analyze the
scaffolding process of intergenerational game design activities as an instructional
learning strategy. We argue that the process could help learners from different
ages and backgrounds to collaborate together in doing progressive steps through
their game design process.

Keywords: Older adults - Digital game design - Intergenerational learning -
Knowledge creation

1 Introduction

Digital ageism is a form of discrimination appearing through the use of technologies
that have not been adapted for older adults or that conveys a negative image of older
adults through their representation of older adults. For instance, digital games tend to
convey negative images of older adults and often misrepresent this age category [1].
Intergenerational participatory game design could help overcome those issues by
engaging older adults in the game design process through a collaborative approach with
game designers of other age groups. Engaging teens, young and older adults in a joint
game design activity allows each of the age groups to know each other better and ensure
their own representativeness in the game design process and product they develop
together [2, 3]. In order to explore the intergenerational game design activities as a way
to avoid digital ageism and promote intergenerational learning through game design, we
introduce in this paper the organization of two intergenerational game design workshop
activities that have been developed during the Silver Gaming Intergenerational Summer
School (SGISS) in Québec City. First, we introduce participatory game design and the
learning opportunities that are introduced by this approach. Second, we describe the
different phases of the game design workshop and the way each one of them has been
scaffolded to better support the objectives of the activity in terms of social participation,
representation of older adults and intergenerational learning [4].
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2 Intergenerational Participatory Game Design

Games are mostly designed by white young males, including only 11.5 per cent of
females in the field in 2009 and 22 per cent in 2016 (International Game Developers
Association, 2016). Different initiatives trying to question the diversity in the game
industry has led to highly violent campaigns; in 2014, the #gamergate put into their
collective crosshairs several women working within the video game industry, including
well-known game developers Zo¢ Quinn and Brianna Wu and cultural critic Anita
Sarkeesian. Women in gaming have been victims of sexism, misogyny and harassment
within the video game culture [5]. At our knowledge, older adults have not been the
object of harassment; still, they remain an age group not only underrepresented but also
misrepresented. This is especially true of older women, who are often appearing as
maleficent antagonists [1, 6]. Our research [7, 8] points towards a need for a more
participatory design process which could allow social participation and a better repre-
sentation of different age groups, sexual and gender diversity. Participatory design aims
to engage individuals from different disciplines and backgrounds in the design decision-
making process. In the field of information systems (IS), participative design “promises
IS quality while empowering the participants and fostering relationships among devel-
opers and users” [9, p. 1]. The participatory game co-design blurs the boundary between
game players and the professional game designers [10]. Co-design strategies could
include making games from scratch, modifying or ‘modding’ existing games [11]
through a shared-decision making process. Opening the participative design to individ-
uals from different social groups, ages and background aims at improving social repre-
sentation through a critical perspective.

3 Intergenerational Game Design Workshops

Game creation could be used as a participatory activity in the pursuit of developing
and strengthening the link between different generations of participants [12, 13]. In
this section, we introduce the intergenerational game creation activities that were held
during the Silver Gaming International Summer School (SGISS) in August, 2015. The
game creation workshops teamed participants from different age groups (18 to 80
years old) from secondary-level students (n = 2) to adults (n = 32). The workshops
were held in French and in English. Our main objective was to engage participants in
an intergenerational game design experience in order to develop a better awareness
of each age group game design preferences. Their contact with each other enabled them
to learn together about different aspects of game design. In order to ensure the success
of such innovative activities, the scaffolding of the different phases of the game design
workshop were the object of an important preparation during several weeks. The
researchers needed to ensure both the zone of proximal development (ZPD) [14] and
the zone of proximal innovation and complexity (ZPIC) were at the reach of all the
intergenerational teams engaged in the task. In the next sections, we introduce the
different phases of the workshop and how the intergenerational game design activity
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was scaffolded and supported to enable the social participation of all the members of
the intergenerational teams.

3.1 Scaffolding the Group Forming for the Highest Intergenerational Diversity

The intergenerational workshop game design activity is structured in teams which aims
to be the more diverse possible in terms of age and self-declared gender. In order to
create teams with the highest quotient of intergenerational participation, we introduced
ateam-constitution activity based on a pyramid of age representation. As the first activity
within the workshop we asked the participants to position themselves on an age and
gender pyramid (Fig. 1).

Fig. 1. Age pyramid distribution of the workshop participants

The purpose of this exercise was to help us put together teams with the higher inter-
generational diversity possible.

3.2 Scaffolding the Team Selection and Exploration of a Topic for Their Game
Creation Activity

The second activity of the workshop was oriented towards the team decision making for
selecting a topic to be developed as a game. Each intergenerational team had to determine
what topic they would work on. The two workshop facilitators oriented the decision
making towards topics related to the modernization of the province of Québec in the
French group and towards topics related to the recent world history for the international
English group. The workshop facilitators listed a series of events that could be explored
(i.e. the electrification of the province, women’s suffragette, Expo 67, the Baby Boom,
etc.). We noticed that the choice of topic was strongly influenced by the older member
of the teams as they used their own life narrative, having had first-hand memories of
some of those events. The three secondary-level students were aware of these topics as
they studied them in their prior school year. When asked what they knew about this
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content, they positioned themselves as “non-experts”. Interestingly, they stated that the
in-class teaching strategy used was magisterial and that the topics were greatly simpli-
fied, not only in their transmission but also in the conversations it generated. The inter-
generational approach to the chosen event helped create more diversity and complexity
as no effort was made to abridge the topic. They also remained fully focused during the
conversations, asking questions and commenting on the topic or the life experiences of
the older adult(s) (Fig. 2).

Fig. 2. Teams during the topic selection decision making.

3.3 Scaffolding the Game Design Process

In order to support the game design process, we suggested to develop a short narrative
based on a first-person character. The workshop facilitators introduced the objectives of
creating an interactive process where the objective was to put together a short narrative
sequence centered on the decisions of a real, significant political figure that helped shape
a particular historical event. It is this semi-fictional “character” that will communicate
directly to the players by asking them questions on the chosen event. As each question
constitutes a scene of the game, deciding what to ask is an integral part of the writing
process; mobilizing and conceptualizing prior information are an important part of
creating new knowledge. In the storyboard example below, Team 2 has decided to focus
on the topic of the liberation of Nelson Mandela. He is also the main character of their
mini-game. The group has identified a first question for their mini-game “Who made his
release possible?” and has imagined (and verified in a second step) three different
answers, one of which is correct (Fig. 3).

e We scaffold the game creation process through four steps: (1) identification of a
character central to the historic event of the mini-game, (2) identification of the
question to be asked by the character, (3) developing hypotheses on the possible
answers to the questions formulated in the second step and (4) verifying the validity
of the hypothetical answers through an information search. The selection of the char-
acter aims to engage the intergenerational team in a discussion during which they
explore together who they consider to be one ofthe main proponent in the historical
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event of their choice. The decision to focus on a character’s aims also help
humanizing the decision making related to historical event.

The second step to undertake is to identify what questions they could ask the student.
We suggest that each team write what they spontaneously know about their topic of
choice. Then, they identify what could be rephrased as potential questions and
assemble the information in a chronological order to determine a sequence plan.
The third step is to formulate possible answers (or hypothesis) to the questions they
chose, hence render explicit their prior knowledge. In most cases, their preconcep-
tions are erroneous; making them explicit enables the knowledge deconstruction and
its reconstruction.

The fourth step is to research information regarding the hypotheses formulated before
and find the right answer about the topic. As the erroneous possible answers and
knowledge that were formulated by the team could be shared by other learners, none
of them were to be discarded; instead, they constituted possible wrong answers for
the student to select. To further explain why they were not the desired answer, we
asked the teams to write a short text hinting at the right answer.
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Fig. 3. Template distributed to the teams for supporting their game design process

3.4 Scaffolding the Game Creation Process in a Visual Programming

Environment

Once the game design steps were completed, teams were asked to create a storyboard
explaining what would constitute their game. They could create it by using either analog
(pen and paper, post-its, blackboards, etc.) or digital tools. Each scene had to contextu-
alize a key question developed in step 3.3 (Fig. 4).
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A

Fig. 4. From game design templates to visual programming through Scratch

Now in possession of a storyboard, teams started digitally recreating their ideas in
the visual programming tool Scratch (https://scratch.mit.edu/). Scratch is a visual, drag-
and-drop programming software that allows the creation of interactive scenes and mini-
games. Its appeal is broad, as it was created to be used by individuals from 7 to 107
years old. Scratch can support the creative programming approach — which goes well
beyond the learning to code movement — to engage participants in creating new digital
media, stories and artefacts through the use of programming [7, 15]. After a short intro-
duction in how to use Scratch, each intergenerational team had less than an hour to code
a mini-game. In order to scaffold the game creation process we provided a mini-game
template to the students. As a team, they could explore the code of the mini-game and
decide if they wanted to reuse the example as a template (changing the characters,
decorum, texts and interactions) or if they wanted to start anew. In coherency with the
growing research on ICTs, we observed that the programming part of the workshop was
seen differently by the students and the older adults. While the younger members of the
teams were trying to program through “trial and error”, adults used a more reflexive
approach; some asked for tutorials and many were trying to understand “why” it worked
as it was before starting the design process (Fig. 5).
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Fig. 5. Scratch game creation based on a game character
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3.5 Peer Playing the Mini-Games Created by the Intergenerational Teams

Towards the end of the workshop, we invited the intergenerational teams to demonstrate
their work to the other teams. Despite the different aspects that were not finished or not
functioning, the participants enjoyed showing their creations to their peers. As a
synthesis and a closing comments, participants gave their impressions of the workshop
and of coding, its limits and the opportunities it generates as a pedagogical tool. For
most of the participants, this intergenerational game design activity was a first both in
terms of game design, intergenerational team-based process and coding. Despite the
degree of novelty in the tasks to accomplish and the knowledge and competences related
to the intergenerational participatory digital game design, the participants enjoyed the
experience and were not uncomfortable despite being permanently out of their zone of
proximal development and innovation.

4 Conclusion and Discussion

We found that using a highly guided approach to scaffold the intergenerational game
creation workshop was a key element for its successful development. Having a prede-
termined topics list also helped in getting the teams to work quickly. In the same line,
making explicit all the tasks that were to accomplish was beneficial to the flow of the
workshop and ensured to achieve the pedagogical and intergenerational learning objec-
tives.

As for the difficulties that rose, we noted that in one workshop held at the SGISS,
one team had two computers to work on instead of one, shared by the whole team. The
result was that this separated the team into two independent groups; each produced their
own game without communicating with each other. This split hindered both teamwork
and fun for the participants. We should also consider the important time investment
required to prepare the intergenerational game creation workshops in terms of partici-
pants’ recruitment and the preparation with the pedagogical staff in the different educa-
tional settings (i.e. high schools and community centers). Despite the efforts required to
deploy the intergenerational game creation workshop, the intergenerational learning and
cross-age social bonding are extraordinary, as all the actors engaged (learners, teachers,
pedagogical experts, game designers, researchers) in these experiences appreciated at
the highest level the experiences. Their feedback highlighted the benefits in terms of
education, social participation and fun; this has propelled and encouraged us to continue
enabling these experiences.

All participants in the workshops experienced an enjoyable and valuable intergen-
erational learning experience where they developed a joint knowledge creation activity
through game design. In these activities, the final game product is not the objective, but
an intergenerational facilitator; the game design process in itself is the core of the
research as it is enabling participants from different ages and backgrounds to exchange
about a certain topic and engage in a joint creative task where the competences and
specific know-how of each one is valued and mobilized towards the objective. We invite
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the digital game industry to introduce intergenerational game design and game evalua-
tion activities when developing new products in order to better represent the needs and
interests of different generations and genders.
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Abstract. As with people who are experiencing normal aging, there is great
potential for technology to provide supportive solutions for people aging with
disability. Yet, while little is known about the needs and abilities of people aging
with disability, universal design (UD), which is an approach that promotes
usability for all, regardless of ability or impairment promising, offers great
promise in developing effective technologies for people aging with disability. The
Rehabilitation Engineering Research Center on Technologies to Support
Successful Aging with Disability (RERC TechSAge) takes the unique approach
of applying UD principles to rehab engineering research and the development of
new technologies for older adults. This paper will provide an overview of
TechSAge’s mission and conceptual framework and highlight three projects: User
Needs research, the App for Locational Intelligence and Geospatial Navigation
project (ALIGN) and the SmartBathroom. These and other TechSAge projects
provide exemplars of how incorporating UD in front-end research and develop-
ment, versus accommodating specific limitations after the fact, can extend
usability of technology and environments for broad use, and particularly people
aging with disability.

Keywords: Universal design - Aging with disability - Technologies for aging

1 Introduction

People with disabilities are living longer than ever before. For individuals with long-
term impairments, the addition of normal age-related declines, such as loss of vision or
hearing, can present unique challenges that can further inhibit their ability to carry out
daily living activities and live independently. Historically, research in disability and
aging has emphasized the impact of either increasing levels of chronic illness and func-
tional losses in late life (aging into disability) or aging and congenital or acquired
impairments from early to middle life (aging with a disability). The former has been
primarily the purview of geriatrics/gerontology (e.g., U.S. National Institute on Aging),
and has an aging research approach (i.e., understand and control factors that affect aging)
more than a disability research approach (i.e., understand and compensate for factors
that affect disability). In contrast, the latter, which has been the interest and focus
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of rehabilitation engineering under the National Institute on Disability, Independent
Living and Rehabilitation Research (NIDILRR) priorities, has focused primarily on
understanding the consequences of life-long impairments in old age and early-onset of
aging due to disability.

Although both approaches are important, each only addresses half of the aging
problem in that they both overlook the 29.5 million Americans aged 21-64 who are now
growing older with a long-term impairment or disability [1] and who will likely expe-
rience newly acquired and pervasive age-related functional losses, comorbidities and
secondary conditions [2—7]. For these individuals, the additive effects of age-related
conditions may mean the difference between their current impairment or disability and
aging into disability or multiple disabilities, respectively.

There are few published studies about the effects of rehab interventions for people
with age-related deficits in function among the population of people aging with impair-
ment or disability. Evaluation of existing rehabilitation engineering interventions,
usability testing, and research devoted to increasing the availability of technologies for
this population is lacking; therefore, little scientific evidence exists with which to inform
practice. Thus, despite comprising the majority of the population of seniors with disa-
bilities, individuals who are experiencing age-related limitations beyond their primary
impairment/disability are also the most underserved and understudied target population.
Although many older adults with long-term impairments already use (or have access to)
assistive technologies (AT), it is crucial to determine how to adapt and integrate tech-
nology as the both the user and their devices age [8].

2 TechSAge Overview

To address this need, the mission of the Rehabilitation Engineering Research Center on
Technologies to Support Successful Aging with Disability (RERC TechSAge) is to
support people with chronic conditions and long-term impairments who are at risk of
disability or increased disability due to comorbid age-related losses; by empowering
these individuals to sustain independence; maintain health; engage safely in basic activ-
ities at home and in the community; and fully participate in society; through increasing
knowledge about, availability of, and access to effective, universally-designed technol-
ogies. Working within a universal design paradigm that drives all RERC activities,
RERC TechSAge serves as a catalyst for a major shift in the understanding and design
of home and community technologies for people aging with impairment and disability
in order to achieve the goal of influencing rehabilitation engineering practice by
assessing the impact of age-related changes on the activity and participation needs and
outcomes of people growing older with impairments and/or disabilities.

2.1 Theoretical Framework

RERC TechSAge is grounded in the idea that disability is not an inevitable outcome
for people with impairments. The Person-Environment Fit model suggests that disa-
bility occurs when the demands of one’s environment exceeds their abilities [9].
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Integrating this framework within the World Health Organization’s International Clas-
sification of Functioning, Disability and Health (ICF) paradigm [10], TechSAge
projects focus on understanding the environmental impact of pre-existing and age-
related impairments and addressing needs through the development of supportive
technologies. While an impairment does not necessarily lead to disability, the poten-
tial interaction of multiple comorbidities and impairments on top of a pre-existing
impairment will compound the effects of environmental demands. As such, people
aging with disability are more likely to encounter barriers in the home and community
than they did prior to the onset of age-related declines. As with people who are expe-
riencing normal aging, there is great potential for technology to provide supportive
solutions for people aging with disability.

Figure 1 demonstrates the differences in environmental interaction and performance
outcomes between individuals with age-related changes and existing impairment
compared to those with either age-related changes or impairment. Even when the envi-
ronment is held constant, when age-related deficits (e.g., loss of strength) are added to
one’s existing condition (e.g., uses a wheelchair), environmental factors that were previ-
ously facilitators (e.g., the slope of aramp), can become barriers (e.g., slope is too steep).
As a result, people aging with a disability are more likely to encounter more environ-
mental challenges than individuals with either an impairment or an age-related change.
In comparison to be people with an impairment OR and age-related decline (top row),
those with an impairment AND an age-related decline (bottom row) are more likely to
encounter barriers (Bs) and less likely to find facilitators (Fs), increasing their risk of
disability and decreasing their likelihood of achieving successful performance. Headers
at the top represent the integration of Person-Environment Fit constructs (i.e., person,
context and performance) with those within the ICF (i.e., body structure and function,
contextual barriers and facilitators, and activity and participation). For example, an age-
related decline alone, such as hearing loss, can create barriers that prevent an individual
from participating or fully participating in an activity. However, this barrier can be
overcome with the appropriate support, or facilitator, such as a hearing aid, to perform
the activity. Imagine a person who has been blind since childhood. They have become
accustomed to using assistive devices with sound based cues, such as screen readers and
white canes, to navigate their environment and carryout everyday activities. As an older
adult, they are now experiencing age-related hearing loss. The combination of impair-
ments is likely to result in more, and perhaps larger, barriers in their environment.
Moreover, the facilitators that previously worked for them are no longer working and
have, in essence, become barriers, decreasing the likelihood of successful performance
and increasing the likelihood of disability.

2.2 R&D Activities

Currently in year 3, the RERC TechSAge has already made important strides in setting
the foundation for strategic research and development (R&D) projects to achieve the
goals and mission of the center. Research activities are underway to provide converging
evidence necessary to design integrated technology supports for seniors aging with
disability. Specifically, RERC TechSAge is developing an evidence-based taxonomy



RERC TechSAge: Making a Difference to the Lives of Older Adults 85

Person Context Fit

(Environment/Personal) [GE{linE))

Body Structure & Function Barriers & Facilitators Activity & Participation

|
]
pr—

ccessful Performance J
OR - B
F o B
Age-Related =

Change B

vy)
o

B

AND 3 s
Age-Related B uccessful Performanc
Change B B

L J

Fig. 1. Differences in person-environment fit and task performance between people with age
related changes OR impairment compared to those with age-related changes AND impairment
(TechSAge target population).

of user needs, stratified by functional loss, identifying needs and predictors of interven-
tions for home-based tasks, and demonstrating feasibility of using functional perform-
ance data to predict task performance within and across activities. The RERC has devel-
oped a participant registry of people aging with disability to provide efficient, study-
specific recruitment for projects as well as the Minimum Battery assessment to
standardize measures across all TechSAge participants. A large-scale database has been
developed to integrate both assessment and project-specific data to identify patterns of
ability, performance, and technology needs. These are described in greater detail below.

Development activities, including mobile applications and smart technologies have
short-term and longer-term outputs and outcomes, respectively. Two projects, repre-
senting each of these activities are described in this paper. The ALIGN project, which
is aroute planning application for people with mobility limitations who are experiencing
comorbid vision loss, is intended to advance the rapid and cost-effective deployment of
software development and evaluation. In addition, for individuals with unstable abilities
due to variable conditions (e.g. arthritis, multiple sclerosis), the SmartBathroom project,
will create a context-aware, fully automated bathroom with continuous monitoring of a
user’s functional status (e.g., gait, balance, posture) and task performance (e.g., toilet
and tub transfers) that will synchronously adjust environmental features (e.g., grab bars,
fixtures) based on a user’s needs at any point in time.
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3 User Needs Research

To ensure relevance, all TechSAge activities have a basis in user needs. Projects take a
comprehensive approach to real problems, including activities of daily living (ADLs),
mobility and transfer, medication management, and technology needs, experienced by
people with disabilities as they age. The User Needs Research project serves as a foun-
dation of the center, intended to provide evidence necessary to design supportive tech-
nology solutions addressing the needs of constituents, including adults with disabilities
who are aging into secondary and co-morbid conditions and their caregivers, rehabili-
tation professionals, and healthcare practitioners.

3.1 Taxonomy of Everyday Support Needs

An archival analysis of existing literature and relevant data from public aging and disa-
bility databases revealed that despite the prevalence of vision, hearing and mobility
impairments among older adults, very little is known about older adults with pre-existing
impairments specifically [11]. Available statistics and resources were limited to the
broader population of older adults with impairments and did not differentiate between
individuals with a pre-existing impairment vs those who acquired an impairment in older
age. Moreover, the sparse information regarding difficulty in task performance and use
of assistive technology among older adults with impairments typically focused on select
Activities of Daily Living (ADLs) and Instrumental Activities of Daily Living (IADLs)
and failed to capture Enhanced Activities of Daily Living, such as leisure, in which older
adults spend a large proportion of their time [12]. Findings confirmed the research gap
and the need to comprehensively explore everyday task challenges, what makes these
tasks difficult, current strategies and solution, and ultimately unmet support needs for
this understudied population of older adults aging with disability.

Addressing this need, TechSAge researchers are currently developing a compre-
hensive User Needs assessment tool for older adult participants with long-term vision,
hearing, and mobility impairments. Specific emphasis will be placed on capturing how
the individual responds to task challenges with daily activities in relation to the Selection
Optimization and Compensation framework [13]. The User Needs assessment incorpo-
rates findings from an interview study wherein subject matter experts with a range of
professional and/or personal experiences and roles with older adults with these specific
impairments (e.g., caregivers, family members, medical professionals) gave their
perspectives on challenges experienced by these populations [14]. Focusing on three
domains, including technology use, access to community resources, and housing, this
study revealed themes of challenges that were specific to certain impairment groups as
well as cross-cutting. For instance, one technology challenge specific to visually
impaired older adults was difficulty adapting to popular touch screen devices, as they
are used to relying on devices with buttons that provide tactile cues. Across impairment
groups, subject matter experts discussed that the small size of phones created operational
challenges. Findings from this study and other related studies in the User Needs Project
are driving the content and specific questions of the assessment, which will be admin-
istered to approximately sixty participants in each target population, stratified by age.
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3.2 Home-Based User Needs

In addition to investigating everyday support needs via interviews and survey data,
TechSAge investigators are working to establish ground truth by exploring user needs
in the home. The Home-Based User Needs project is geared toward understanding how
individuals with pre-existing impairments who are experiencing age-related losses co-
morbidly carry out activities in the home related to home mobility and medication
management, often essential for maintaining independence and aging in place. For the
first in-home study researchers interviewed older adults with long-term mobility impair-
ments about their process for select activities of daily living, such as bathing and
toileting, in context and documented photos of barriers and supportive solutions in their
environment [15]. Researchers continue to analyze the rich interview and photo data,
which is driving a follow-up study with participants to gauge longitudinal changes in
needs and assistive technology use. The Home-Based User Needs team also conducted
an in-home interview with older adults with vision, hearing and mobility impairments
focused specifically on issues with medication adherence and current strategies. Through
further analysis, researchers hope to identify which strategies or technological solutions
are associated with higher rates of adherence for specific combinations of primary
impairment and secondary functional loss and the underlying human factors at play.

4 ALIGN

The App for Locational Intelligence and Geospatial Navigation project, or ALIGN,
entails the development and evaluation of a mobile app to inform outdoor route planning
for people aging with ambulatory impairments who are experiencing additional age-
related declines in vision. People aging with long-term mobility impairments generally
use familiar outdoor routes that accommodate their functional abilities and assistive
technologies (AT). For these individuals, the addition of age-related declines (e.g.,
vision loss, hearing loss) create a new set of environmental challenges that often exceed
the abilities of these individuals, even on long-used routes [16, 17]. Despite these chal-
lenges, the real barrier to outdoor mobility is the lack of information with which to plan
safe and appropriate alternative routes.

4.1 App Functionality and User Interface

To effectively promote community mobility among the target population, the ALIGN
app not only incorporates a range of environmental factors that impact accessibility and
safe mobility, but also take into account personal and social preferences of the user.
Unlike other accessibility applications that identify predetermined “accessible” routes
based on a few “standard” features (e.g., 1:12 slope, smooth sidewalks and curb cuts),
ALIGN will include critical information about accessibility factors both static (e.g., land
uses, vegetation, street connectivity) and dynamic (e.g., traffic volumes, timing of lights)
that can be uploaded (as needed) close to real time. This will enable users to determine
for themselves what routes are accessible and acceptable to them based on their own
abilities, the demands of the situation, and what they prefer.
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An online survey of older adults with mobility impairment was undertaken to identify
important parameters for the app. The survey yielded priority factors, such as presence
of sidewalks, types of intersections, and obstructions/lanscape overgrowth, which will
be incorporated in the app. A weighting system was applied to each factor based on an
Analytical Hierarchy Process (AHP) in order to generate mobility scores for route
segments, and ultimately develop and implement a routing algorithm.

To address the variety of abilities in the senior population, the ALIGN user interface
(Fig. 2) was designed to accommodate a range of abilities. The interface continues to
be iteratively refined with upgrades such as featuring more intuitive icons and providing
alternative and redundant forms of guidance (e.g., voice and visual) for mapped routes
and turn-by-turn directions.

oL+ 4:21PM

All Parameters My Parameters

Fig. 2. Screenshots of the ALIGN route planning app show how the user can create pedestrian
routes that best suit their needs based on desired environmental characteristics.

4.2 Data Acquistion

Integrating a wide range of environmental information, the development of the ALIGN
app’s functional capabilities required creative data sourcing strategies. Where possible,
relevant public datasets were obtained from national and local organizations, such as
the U.S. Census Bureau, Georgia Department of Transportation (DOT), Atlanta
Regional Commission, and Atlanta Police Department. In some cases, real time data,
such as pedestrian volumes and timing of crossing signals, could not be found with the
possibility that such data is not publically available or doesn’t yet exist. For these data
alternative solutions, including crowd sourcing, are being explored. Data has been
acquired to create a working prototype for a small area of Georgia Tech’s campus. The
prototype is currently being evaluated under conditions of actual use to determine feasi-
bility and practicality.
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5 SmartBathroom

Historically, toilet accessibility has primarily consisted of a set of fixed grab bars and
raised toilets that are based on the abilities of young male wheelchair users with good
upper body strength [18]. However, as people with disabilities grow older, their func-
tional limitations are exacerbated by age-related decrements. Increasingly, existing
transfer solutions cannot compensate for age-related frailty. To compound the problem,
functional abilities not only vary both across individuals, but also within individuals
over time due to progressive chronic conditions, such as arthritis. As a result, fixed
transfer systems are only able to support some abilities some of the time.

A number of studies have been undertaken to determine the optimum design for toilet
transfer; however only one study has evaluated a flexible system [19] with a user adjust-
able height and tilt toilet. Although the adjustable toilet was effective, the lack of an
adjustable grab bar was problematic. Moreover, user control of the adjustments may not
be effective for individuals who are not aware of the specific adjustments they need at
aparticular time. To provide a more flexible environment that will accommodate arange
of abilities at any time, the SmartBathroom project will to develop a bathroom envi-
ronment capable of assessing an individual’s abilities at any point in time and sponta-
neously adjusting supportive environmental features to accommodate those abilities.

5.1 Lab Construction

An existing bathroom in the Georgia Tech Aware Home Laboratory is being renovated
to create a fully functional modular and motorized environment that will provide the
flexibility for fixtures (i.e., toilet, tub and sink), supportive devices (e.g., grab bars)
lighting and cabinetry to be rearranged or removed. An array of sensing technologies
will be embedded in the environment (e.g., floor, walls, ceiling fixtures) to measure
biomechanical data (e.g., gait, balance, posture, grip strength and speed, accuracy, and
efficiency of movement), forces exerted on the toilet, bathtub, sink, and grab bars, and
locations where fixtures and grab bars are used. A vision system (e.g. Kinect) and smart
floor sensors will track movement and gait. In addition, motorized hardware will make
adjustment to the various fixtures.

5.2 Next Steps and Long-Term Goals

To develop the predictive algorithms that will control the environment, 25 individuals
with a mobility impairment will participate in two test sessions at Time 1 (T1) and Time
2 (T2). Functional measures of static and dynamic stability, posture, balance, gait speed,
forward and side reaches, grip strength and range of motion will be taken using stand-
ardized instruments. Participants will transfer on/off or in/out of the fixtures. In T1
subjects will perform the tasks with the fixtures set up in the same locations and positions
(e.g., height, distance from walls) as in their own bathroom. At T2, an occupational
therapist (OT) will help subjects adjust the fixtures and grab bars to set up their optimum
configuration. The configuration will then be tested, followed by a post-trial rating to
determine if any of the dimensions require further adjustment. If so, the dimensions will
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be reset and the trial repeated. These procedures will be repeated until no adjustments
are made.

Given the general absence of integrative technologies in the design of bathroom
products, we anticipate that the smart technologies developed in this project are at least
10 years from commercialization. However, within the 5-year project we expect to
develop and market, a range of interim, “smarter” technologies that will provide a more
universal design system through feedback that will enable users to adjust their transfer
behaviors to optimize use of a fixed environment.

6 Discussion

The goal of the RERC is to develop new knowledge and tools that can promote and
increase community mobility, health, safety, and independence of people with disabil-
ities even as the onset of new functional limitations result in new and pervasive barriers.
However, the RERC’s efforts are only beginning to scratch the surface of understanding
the problems and developing solutions for our target populations. In fact, the premise
of much of the basic research undertaken by the RERC is to identify the set of questions
to be addressed by future efforts in this space.

The current RERC development projects have been designed to test usability and
utility with pilot data on effectiveness. Longer term there is a need for translational
research of these evidence-based interventions to identify intervention efficacy on
health, activity and participation of people aging with disability. In research there is the
need to examine the use of technology supports and changes in adoption strategies over
time as older adults with impairments and some disability age into either disability or
greater disability. Because much of the RERC’s target audience has historically been
underserved by traditional technology interventions, it is important to examine indige-
nous, individualized solutions that will scale up to customizable universal design solu-
tions. Finally, there is need to understand and develop universally designed, smart inter-
ventions that not only compensate for disability, but are capable of effecting behavior
change that enhances the acceptance and effectiveness of the interventions.
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Abstract. The aim of this paper is to analyze cases where participatory design
with different stakeholder groups was a beacon in the development of innovations.
An important aspect was a strong foundation both in the needs of the elderly and
in the feasibility from the market side. Three cases were analyzed from aspects
as: environment and development phase of product; participation of different
stakeholders; and proxy involvement of care professionals. The impact of this
approach is a benefit for aging end-users as well as increased feasibility for the
innovation companies, as a result when collaboration of different stakeholders
focuses on balancing the demands of the users and the prerequisites of the
industry.

Keywords: Participatory design - Professional-patient relations - Community-based
participatory research - Elderly - Social technology - Welfare technology

1 Introduction

User involvement in general is often considered a time consuming process. Therefore
it is important to improve the understanding of how this process can be made more
effective and efficient in an industrial view. Especially small companies find it difficult
to adopt such methods as they value time in respect to both manpower and a fast devel-
oping market [1]. The authors believe that existing methods of user involvement in
design may be refined to both address the needs of the end-users and the prerequisites
of other stakeholders, such as innovators. When studying participation, different levels
of involvement are discussed, often in relation to the end-users’ approach and effects on
the outcome. The authors were inspired by an article by Ostlund [2] remodeling the idea
of the “citizen participation ladder” by Arnstein from 1969 [3] to suit older people in
the innovation and design process. Ostlund [2] states that whether the users are consid-
ered as objects or subjects, they get different roles in the design process. Using them as
research objects, the designer is seeking generalizations to be applied in design. As a
subject they participate themselves in the development process [2]. This is probably
valid also for other stakeholder groups participating in an innovation process. Addi-
tionally, more active participation is often desired of the stakeholder group of developers
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[4]. New approaches to stakeholder involvement may also contribute to support compa-
nies in broadening their market without reducing focus on specific user needs. One
recurring example is when technology reaches the hands of real users and is contex-
tualized; its real value turns out [5]. Also, studies point out that technology often starts
to be used in new ways, different from what the innovator had in mind [2, 6]. Sometimes
this comes as a result of the methods that the researchers bring into the process [7].

We present experiences from three information technology and technology (IT&T)
projects where stakeholders from industry, care givers and researchers were actively
involved together with aging users. Collaboration of those stakeholders while focusing
on balancing the demands of the users and the prerequisites of the industry is analyzed
and discussed.

1.1 Research Approach and Methodological Background

Human-computer interaction (HCI) research has come a long way in understanding the
importance of involving users in the process of developing new technology. The
presented cases are all action research projects that adhere to Participatory Design (PD)
[8, 9], as one of the HCI theories that regards system development with user participation
and that considers designing a social process. The degree of user participation may vary.
Regardless of activation degree, in PD, developers and practitioners/users are seen as
actively cooperating partners. Together they aim to reduce uncertainty and risk in the
development of innovations, where a detailed conception of exactly which future needs
should be supported, often lacks [8, 9]. We also know from HCI research that usability
aspects should be brought in early in the development process [10]. Previous research
presents several methods to engage users with the aim to create future environments,
e.g. so-called Future workshops [11]. Other methods to bring analysis of future needs
into system development are iterative prototyping and scenario-based design, preferably
applied together with potential users in a collaborative approach [12].

PD is highly context-dependent and each application struggles with the under-
standing of how to involve different user groups in an optimal way. In this study, the
authors have selected cases where the research team has been working as mediators
between care professionals and developers from the industry. The approach of the
researchers was also the extension of a Triple Helix setting (society working closely
with industry and academia) to a Quadruple Helix model (Fig. 1) by involving the main
stakeholders, the aging users. Using older adults’ extensive experience when trying to
meet their needs can result in more adequate solutions and lead faster to the goal [2],
rather than relying on interaction patterns based on the computer paradigm [13].

In this Quadruple Helix model, problem-owners in the health and social care sector,
aging users, health informatics researchers and developers of novel IT&T work together
in a user-centered and participatory design approach, aiming to support aging users by
their co-created solutions.

It is important to reach an equivalent balance between these stakeholder groups
already from the beginning, especially when designing services for aging users. Many
user groups cannot or do not want to participate in design of new IT&T-support, although
they are invited as potential end-users of the product. This model relies on aging users
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Health and Industry &
innovators

Fig. 1. Quadruple Helix setting

willing and being able to participate, as well as on their health and social care staff that
daily works with the potential end-users. Equally important is to align industry into the
working model, as they also are seen as supporting actors to the aging users. Experience
remarks that the mediating researchers need to “teach user-centered design and partic-
ipatory methods” before and during the actual project [14, 15]. Once initiated, it is
beneficial for the results if the developers also are present in the daily practice that their
innovation will be part of. Observation activities as well as sharing knowledge in the
form of e.g. demos and being responsive to feedback regarding iteratively presented
prototypes create a fruitful environment, where all participants are willing to jointly
improve the elderly care situation [12].

To increase the likelihood that a product or service in health and social care of elderly
will reach a successful implementation and a usage situation where the users are satisfied
with the innovation, it is important to work towards a balance between the demands of
the users and the prerequisites of the industry.

The objective of this study was to analyze PD cases with focus on different stake-
holder groups and their prerequisites to be able to find how this Quadruple Helix PD
approach affects the balance between end-user needs and the prerequisites of the inno-
vators. The selected pilot projects were different, but all aimed for a strong foundation
in both the needs of the elderly as well as in the co-created result, based on the conditions
from the market side, e.g. feasibility.

2 Method

This study used a qualitative case study method containing thorough analyses of the
pilot projects in several aspects to investigate effects on the implementation due to the
Quadruple Helix PD approach. Apart from aspects of the innovation: “environment”
and “development phase of the product”, the participation of Quadruple Helix stake-
holders was analyzed in three sub-aspects; “extent of participation of aging users”,
“Triple Helix joint work™, and “proxy involvement of care professionals”. A source of
inspiration for the analysis was the rework of the “participation ladder” [3] with focus
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on older people made by Ostlund [2]. For each Quadruple Helix aspect different criteria
were used to define an adequate range. Degrees of participation were described using
two scales, both of them reworked on the idea of the “Participation ladder” by Arnstein
[3]. Care professionals as advocates of the aging end-user needs were used in some of
the cases. When so, the level was measured in terms of “proxy involvement”.

2.1 Analysis of Level of Participation — Older People

The ladder defined by Ostlund [2] illustrates the degree of participation of older people
in innovation projects, as part of the Aging and Design program at a Swedish university.
Here the ladder starts on the highest level, with

1. Older people are co-actors and are themselves driving the changes they want to
accomplish.

2. Older people participate as the experts on their own life situation.

3. Older people contribute with their own views in consultation together with others.

4. Older people receive information and/or are being the subject to different types of
operations.

5. Manipulation — people are objects for other’s actions [2].

These criteria were used to analyze the aspect of the Participation of aging users on
an individual level.

2.2 Analysis of Level of Participation — Triple Helix Joint Work

This analysis model, defined by Scandurra [16] and refined by Scandurra and Sj6linder,
is inspired by Lindholm and Moritz [17]. Their “participation staircase” is acknowledged
by the Swedish Association of Local Authorities and Regions (SALAR). It has been
used since 2011 to represent citizen dialogue techniques ranging from the level where
citizens are given information to the level where citizens get a direct role in decision-
making [18]. Our remodeled staircase illustrates how different stakeholders in a Triple
Helix constellation work together in an innovation process. Starting with the lowest level
of joint work, the model increases the cooperation step by step.

1. No Communication.
Conversation — Mutual telling what you do, as an information or dialogue.

3. Common view — shared goals, common understanding. Requires an agreement
between actors.

4. Coordination — the structure of how activities are carried out; procedures, rules and
regulations as a basis for Cooperation and Collaboration.

5. Cooperation — Activities carried out by individuals that exceed the organizational
boundaries.

6. Collaboration — coordination + cooperation. Activities carried out by organizations,
which exceed the boundaries within or between organizations.

These criteria were used to analyze the aspect of Triple Helix Participation on a joint
work or group level where all actors from Society, Industry and Academia participate.
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2.3 Proxy Involvement

Despite efforts from the developer team, when trying to deploy technology to aging user
groups, the technology may be perceived too difficult or cumbersome to use. A challenge
for research is therefore to continuously examine when and how to best use the engage-
ment and knowledge of the aging users in the design process, as well as to understand
when and how other stakeholders, e.g. social care staff, correctly could define and
transfer the needs of the aging users. Inspired by Boyd-Graber et al. [19] and their work
regarding using people close to the intended user in the design process, we investigated
the extent of “Proxy involvement”. The amount of Proxy involvement was weighted in
relation to the extent other stakeholders as e.g. the social care staff or next of kin spoke
on the aging end-users’ behalf. The terms High/Medium/Low referred to a weighted
percentage where the activity of the proxies was decreasing: high proxy involve-
ment ~80 %, medium ~50 % and low proxy involvement ~20 %.

3 Materials - The Three Cases in the Study

Many aging users suffer from age-related decline, both with respect to physical and
cognitive abilities, which make it difficult to be involved in the design process as well
as to use new services and new technology. This was no exception in the cases presented
in this paper. Thus, some of the aging users got replaced by others during the projects,
resulting in not well defined numbers regarding aging participants.

Each of the cases is described according to the following structure: description of
the setting; study design and methods used; results and lessons learned.

3.1 Case 1: Development of a Communication Tool — Usage at a Nursing Home

Short description of the setting: In this project a communication tool and its services
were tested [14]. The tool was an innovative mobile communication device connected
to the TV, which worked as a remotely controlled large interactive screen. The aim with
the study was to find potential users and target groups. During a 1.5 year project in a
nursing home outside Stockholm, Sweden five residents (aged 75-88) participated,
although suffering from age-related decline, both with respect to physical and cognitive
abilities. There were nine persons participating from the care staff were nurse assistants,
registered nurses and housing/department managers. The industry participants were
four, and their roles were project manager, CTO and developers. The three research
participants mediated and supported the project work. Their specialist domains were
health informatics, HCI, technology & elderly research.

In the study usage testing was carried out with five devices placed in the residents’
apartments and five in public areas. The care staff was deeply involved during the entire
project; they recruited residents, gave information to relatives, to users and supported
other care personnel in the role of tech ambassadors.

Study design and methods used: The care professionals were invited to co-design
services as they are experienced in age-related impairments. Actual test phase lasted
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six months and every two weeks the project team was gathered at the nursing home
in 2—4 h workshops with different content, led by researchers and industry partners.
Three aging user profiles were created by the staff based on characteristics such as
social situation, preferred hobbies, previous life in terms of work and family situa-
tion as well as medical history, current conditions, medication etc.; brainstorming
techniques [20] and semi-structured interviews were used to gather information from
the different groups about themselves, but also to gather what they thought about the
needs and attitudes of the other groups. The researchers gathered information from
the residents in individual semi-structured interviews.

Results and lessons learned: The material was analyzed with regard to differences
and similarities; what the residents had described and what the care professionals had
thought about them as aging users. One lesson learned was that developing the three
aging user profiles together with the care personnel forced them to reflect on their resi-
dents in a salutogenic [21] or health promotive manner, beyond all medical conditions
and as possible users of new technology. The user profiles were useful also for the
developers’ understanding of the environment and users that the services should support.
The workshops revealed that the care personnel underestimated the technology experi-
ence and overlooked that many of the elderly once had worked with technology in
different environments. The staff initially placed large focus on the importance of tech-
nology experience for using the device and it was clear that they did not quite understand
for which resident the technology could be useful. Later, the devices were given to
residents with little previous experience of new technology, but curious to get a commu-
nication channel with people outside the nursing home, and the technology became
useful. On the other hand, thanks to the continuous engagement by the staff, devices
were placed in the dining areas. It turned out that the main benefit of the device was
social interaction between the residents, and not as expected, interaction with people
outside the nursing home. This resulted in positive effects by both residents and staff,
when realizing how technology can be used and appropriated when aging users were
given the opportunity to start using technology in their own ways, as stated previously
by e.g. Wyatt [5] and Ostlund [2]. Using the technology together with other residents
or with care professionals was not at all considered by the developers. Therefore the
device needed to be re-designed in several ways to fit new user groups. The engagement
by the staff also contributed to the creation of new content and new services [14].

3.2 Case2: User Study with a Prototype Aiming at Broadening the Target Group

Short description of the setting: This study was conducted within a project that
developed a Kinect™ sensor tool for stroke rehabilitation at home [22], and aimed to
investigate whether or not usage could be broadened to other user groups than stroke
patients. The number of seniors that participated was nine (aged 68-98). They suffered
from physical decline due to diagnoses as Parkinson’s disease, stroke and back problems,
but their cognitive abilities were less affected. Some of the participants were just old
and suffered from normal age-related physical decline. Five care personnel participated:
nurses, physiotherapists and occupational therapists. The industry professionals were
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five and their roles were developers of technology and marketing. The three researchers
mediated and supported the process. Their specialist domains were Technology &
Elderly (1) and HCI (2).

Study design and methods used: The system was installed at three activity centers
for elderly and there the aging users tested a Kinect sensor for conducting exercises,
although the technology was designed for home usage. Each center had responsible care
personnel doing observations during tests. The system provided video communication
between patient and physiotherapist. Therefore patients could either do the exercises on
their own or use the video communication to get direct feedback from the physiotherapist
while doing the exercises.

After the session both aging users and staff filled in a questionnaire about usage of
the system and the exercises. Aging users answered from their perspective and the staff
based on the support given to the users to use the system. Questions regarded whether
the exercises were relevant or if they had preferred some other exercise; the level of the
exercises; different levels; and if increasing difficulty should have been performed in
another way.

Results and lessons learned: Many of the aging users suffered from severe difficulties
in being able to move, and some of the exercises were found too difficult. The aging
users and the care professionals suggested more simple exercises, but they also
expressed a need for a wide range of exercises since some aging users are physically
active. The care professionals also requested less demanding exercises that could be
performed sitting down and they suggested more exercises based on real life situations
and tasks.

It worked well to evaluate the technology in the present environment. Even though
it was a prototype containing flaws, the aging users managed to test it and contributed
with suggestions for improvements. According to the questionnaires, there were no
direct contradictions between the answers given by aging users and care professionals.
However, the care professionals provided a deeper insight since they had a more holistic
perspective on the situation. They provided valuable information about how and why
features and interaction should be changed. The shared experience between care profes-
sionals and aging users contributed to a similar view of the situation and of the usage of
the technology. The importance of providing exercises and services on different levels
and possibilities to personalize the settings became clear i.e. adjusting the technology
to fit larger numbers of aging users as well as broader target groups.

3.3 Case 3: An Innovator and Aging Users Develop New Services Together

Short description of the setting: In the project [6], a communication tool and its serv-
ices were investigated. An innovative mobile communication device connected to the
TV worked as a remotely controlled large interactive screen. The study was conducted
at a senior center with eight aging users (aged 64-78). They did not suffer from age-
related physical or cognitive decline. Three municipality staff participated: physiothera-
pist, administrator and manager at the center. There were four industry participants, and
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their roles were project manager, CTO and developers. Three researchers mediated and
supported the project. Their specialist domains were Health informatics, HCI, Tech-
nology & Elderly research. The aim of this study was twofold: firstly to investigate novel
eHealth services for elderly citizens together with less disabled aging users. Secondly,
to examine different methods for combining what seniors perceived as meaningful serv-
ices in relation to what was feasible by the innovator.

Study design and methods used: The device was tested by eight volunteers who
visited a senior center during the 1.5 year project. Formative evaluations consisted of
two parts, design workshops and future-oriented workshops where all stakeholders
participated with great interest. Seven design workshops elicited demands regarding
existing and new services. At the end of the project, the participants’ experiences were
elaborated in three future-oriented workshops with the purpose to get ideas for improved
or new meaningful services, based on what aging users thought would be useful in
relation to feasibility of the ideas as viewed by the innovator. Five phases of future-
oriented workshops covered a process from user requirements to jointly prioritized
services by aging users and innovators.

Results and lessons learned: Case 3 demonstrated how a group of active aging users
could contribute in suggesting new services for a company to develop. Besides valuable
input, the importance of a social context around such work was clear. The users were
very engaged throughout the project and workshops were frequently visited and the
participants became friends. The high amount of input from the participants could be
explained in terms of social inclusion; they belonged to a group and each member was
considered important for the work.

The future workshops contained an iterative process of moving from a large number
of new suggested services towards fewer but highly needed services. The requirement
list of future services resulted in four categories: cognitive; social; and physical activities
as well as information and news,, all high-priority proposals with a strong foundation
in both user needs and feasibility for the innovator [6].

4 Comparison Based on Different Aspects of the Cases

Aspects to compare data from the cases were based on the innovation: type of innovation;
type of environment in which it should work; the project owner and the development
phase; as well as the participation of the Quadruple Helix stakeholders, divided in three
aspects: aging users; triple helix joint work; and proxy involvement. Effects related to
user needs and industry prerequisites were described (Table 1).

By working in a Quadruple Helix PD setting where focus was on the joint stakeholder
work to balance the outcome between user needs and feasibility, the teams working with
the three cases were satisfied with the results: increased common understanding of goals;
user needs met by improved technology; new usage situations found; new/other content;
Improved social interaction; improved knowledge about other stakeholder interests; and
about ways of achieving the goals.
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Table 1. Comparison between the cases

Aspects Case 1 Case 2 Case 3
Type of innovation Communication tool | Rehab tool (extended | Communication tool
and services Kinect) and services
1. Type of environ- Vallentuna Nursing | Orebro Activity Tadby Senior center
ment Home Center for Elderly
2a. Project Owner Industry Research Industry

2b. Development
phase

Prototype in late stage

Refinement of proto-
type

Refinement of proto-
type

3a. Participation of

From receiver of
information (4) to

(3) consultant role

(2) experts own life
situation

Aging users”
experts on own life
situation (2)

3b. Triple Helix joint | (6) (6) (6)
work”
4. Proxy involvement® | High Medium No Care professional
Proxy
EFFECTS related to | User needs met. New | Improved system, Improved interaction,
user needs/industry usage not yet new/other content. new/other content.
prerequisites leading to increased Will lead to Will lead to great
effort from industry increased effort by effort by social care
part industry (develop- staff (creating
ment) content)

* Participation of older people based on Ostlund [2], see criteria in Sect. 2.1.
°Assessment of Triple Helix cooperation, see criteria Sect. 2.2.

¢ Proxy Involvement: to which extent staff acted on behalf of aging users, see Sect. 2.3.
* Reversed table numbers 5-1: here we use both the number and the textual description.

5 Analysis and Discussion

Each aspect of the Quadruple Helix PD cases is described from the point of view of the
“balance between end-user needs and the prerequisites of the innovators”.

Type of environment: The analyzed cases consisted of different contexts in terms of
way of working with users and investigating user needs. Case 3 had a focus on devel-
oping new services and the participants were younger, aiming to design for elderly,
under the label “When I get older”. The participants in case 1 and 2 had age-related
physical and/or psychical impairments but the cases differed with respect to the envi-
ronment. Case 1 was conducted at a nursing home and case 2 was conducted at three
activity centers for elderly. Case 1 and 2 also differed with respect to duration of usage.
In case 1 the aging users tested the services for a longer period of time and had the
opportunity to use the technology in different ways. In case 2 the participants tested and
evaluated the technology at one occasion when they visited the activity center. These
different usage situations had an impact both on how the aging users were able to provide
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feedback on the technology and on the role of the care professionals as proxies for the
aging users.

Project owner: In cases 1 and 3 the participating company led the project, which may
explain the large effort in finding the balance between needs of aging users and feasibility
of the development. However, this may not always be the case. In many research and
development projects several companies participate and it is not clear who is responsible
for taking the product to market. Uncertainties may lead to a struggle to find a balance
between the different companies’ needs rather than between the end-user needs and the
feasibility of the development.

Development phase: Depending on the possibility to involve aging users in a theo-
retical discussion, it may be more feasible to involve aging users at a nursing home in
the later stages of the development where there is a well-functioning prototype to test,
use and discuss. This was shown in case 2 where aging users of high age tested an almost
ready technology and provided good feedback from just one test occasion, in consulta-
tion together with others (participation ladder stage 3).

Participation of aging users: The degree of participation of the aging users differed.
In case 1 the aging users increased their degree of participation along with the increasing
possibilities to test the technology in different ways. On the older people participation
ladder [2] the participants went from performers (4) to initiators (2) when they were able
to use the technology in their own way. The younger users in case 3 gave feedback
related to own life situation (2) and how they perceived the technology could improve
their own aging.

Triple Helix joint work: All three cases reached high grades on the Triple Helix
participation ladder with close cooperation and activities crossing the boarders of the
organizations (6). The Triple Helix participation was especially strong in case 1 and 3
where the company played an active role and worked close to the aging users, the care
professionals and the researchers. Using researchers as mediators between other stake-
holders was important since double competence (e.g. IT&T development plus aging or
health context, and analysis methods) was required to work towards a common under-
standing. Researchers with knowledge from several of the involved areas facilitated
communication and pinpointed important issues to be addressed.

Proxy involvement: The cases revealed interesting effects of proxy involvement. In
case 1, initially the care professionals did not quite understand for which resident the
device could be useful. This is in line with previous studies [2, 5, 7, 15] and may show
that sometimes care professionals act as gatekeepers preventing without any clear reason
that the elderly are exposed to new technology. Further, the care professional proxies
later elicited different usage areas and needs, thereby creating a basis for a new context
of usage and more meaningful services.. Another proxy effect was seen in case 2: Other
results regarding use of proxies show difficulties in understanding user needs [14] but
in case 2, proxies and users provided similar feedback. From an observing perspective,
care professional proxies could see what caused problems and provide suggestions to
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solutions, thereby deepening the understanding. This may indicate that, when using
proxies, benefits could be gained by assuring that users and proxies will share the situa-
tion and experience it together.

Further work will elaborate this Quadruple Helix PD approach to provide a deeper
insight regarding in which development stage it is suitable to test the technology, how
and with which type of stakeholder, aging users themselves and/or together with care
professionals.

6 Conclusion

The impact of this Quadruple Helix PD approach is improved benefit for aging end-
users as well as increased feasibility for the innovation companies, as a result when
collaboration of different stakeholders focuses on balancing the demands of the users
and the prerequisites of the industry. The involvement of aging users in finding the
balance between user needs and feasibility in the development, as well as an active
involvement of the industrial partner, may contribute to a common understanding in
developing realistic and meaningful services. Another important aspect for the compa-
nies was finding a market that is large enough to motivate the costs for development.
Often there is a tradeoff between addressing user needs of specific groups and developing
IT&T solutions that can be offered to a larger market.

The researchers stress the importance of engaging aging user groups based on situa-
tion and possibilities to contribute. The situation and possibilities to contribute is also
important regarding proxy involvement. Proxies seems to be better suited in the work
with testing existing devices in new contexts than working with or describing user needs
in an early phase. Another relevant situation to use proxies could be when working with
broadening a concept to find additional areas of usage.

Key to the success of the re-designed IT&T was the responsiveness of the developers.
This can probably only be reached by a true engagement and by participation in settings
where all stakeholders are encouraged and guided to perform at their best. Methods used
that worked well were e.g.: observation of real usage performed by the entire Triple
Helix team; creation of user profiles together with care personnel and IT&T developers;
workshops guided by researchers; as well as enough time to test and to increase the
common understanding for all stakeholders. This study found that the Quadruple Helix
PD approach with focus on different stakeholder groups and their prerequisites results
in improved possibilities to keep the balance between end-user needs and the prerequi-
sites of the innovators, potentially contributing to improved IT&T solutions for aging
users.
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Abstract. New, innovative technologies provide promise in helping older adults
to age in place. However, the success of the technology and acceptance of it by
the target users will be dependent on both function, i.e., whether it provides a
worthwhile service, and the user experience, i.e., how easy it is to achieve the
intended function. In this paper, we discuss the challenges in human-computer
interaction (HCI), in the context of our experience with two applications designed
to support older adults. The first is an in-home sensor system for detecting early
signs of health changes and managing chronic health conditions. The second is
an interactive remote physical therapy system that connects a therapist in the clinic
with an older adult in the home. An overview of each application is presented.
We discuss HCI challenges across these two applications.

Keywords: Aging - Technology acceptance

1 Introduction

We envision a time when sensor technology and smart healthcare systems are routinely
used to capture subtle changes in health and activity that may represent early signs of
illness and functional decline. Seniors are able to receive early treatment when health
problems are still small and manageable; healthcare is more effective and efficient,
because health problems are caught early. Remote family members can easily stay in
touch with their aging loved ones, and, if the seniors allow access, can see pertinent
information about their activity and health. Seniors are able to better manage their own
chronic health conditions, with aid from automated technology, care coordinators, phys-
ical therapists, and family members. When needed, they use technology to connect with
a healthcare professional from the comfort of their homes. As a result, seniors are able
to maintain a high functional ability, which promotes independence. Thus, Aging in
Place is a finally a reality. Seniors have real options on where to live, including staying
in their own home.

© Springer International Publishing Switzerland 2016
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As described above, our vision includes the operational use of various smart tech-
nologies across a range of housing options in urban, suburban, and rural settings. These
include in-home sensors embedded in the environment, wearable sensors such as smart
watches, sensors embedded in clothes or shoes, and smartphones for those that carry
them. Intervention technology includes automation to help maintain good health and/or
manage chronic health conditions, such as health change alerts, fall detection alerts,
personalized models, tools to support personalized exercise and health coaching,
socially assistive technology such as screen agents or robots, and other innovations that
might be developed in the future. These capabilities would benefit anyone battling
chronic health problems; however, older adults are particularly vulnerable and may lose
their independence if their health problems are not managed appropriately.

This vision comes with a variety of challenges, many of which are related to how
users interact with the technology. In this paper, we discuss these challenges in the
context of our experience with two applications designed to support older adults.
Section 2 first discusses background and related work. In Sect. 3, we consider an in-
home sensor system used for clinical decision support to recognize very early health
changes and manage chronic health conditions. In Sect. 4, we present an interactive
remote physical therapy system designed to connect an older adult in the home with a
therapist in the clinic. Section 5 then includes a discussion of challenges across these
two applications.

2 Background and Related Work

Previous studies have shown the importance of the user interface when designing for
consumers such as older adults and their family members. In particular, older adult users
bring new challenges with regards to delivering useful information in easy to interpret
formats. In addition to new models of healthcare that may be unfamiliar to consumers,
there are difficulties, due to typical aging effects on vision, hearing, and haptic sensing
as well as attention and working memory [1]. In spite of these challenges, older adults
report that they are willing to use technology as long as it provides a worthwhile function
and the interface considers their sensory limitation [2].

There have been a number of studies investigating the efficiency of graphical user
interfaces and other new technologies for older adults [3—11]. Demiris et al. have several
investigations on determining the usability of data representation techniques for older
adults [3, 5, 11]. In [11], experiments with four focus groups and 31 older participants
investigate the usability of smart home data visualizations for wellness assessment and
cognitive processing abilities of older adults. Their analysis showed that older adults
prefer integrated data visualizations rather than raw smart home data. In addition, the
group has conducted studies to determine the current status and future trends of patient
centered care and observed the growth and significance of informatics systems and
electronic health records for patient-centered care models [4, 6].

Other research studies have explored technology acceptance for older adults in
different fields [7-10]. In [8], Czaja et al. conducted experiments to determine the
performance of older adults in using internet based health care applications. Results show
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that the older adults that received training, performed better on the tasks with more accu-
racy and efficiency. The study also indicates that a simpler interface design is necessary
for improving the performance.

Among the emerging technologies in healthcare and wellness, telemedicine as a
means for healthcare is one of the fastest, time efficient, and most reliable way to provide
services [12]. The American Association of Retired Persons survey in 2008 shows that
three-fourths of the survey respondents are ready to accept telemedicine as a part of their
primary healthcare, for health diagnosis and monitoring [13].

3 In-Home Sensor System

The main function of our in-home sensor system is to recognize early signs of illness
and functional decline so that early interventions can be offered when health problems
are more manageable [14]. The system includes a collection of bed, motion, and depth
sensors installed in the home, a data logger computer in the home, automated alert
generation software, a database for storing data on a secure server, and a web interface
for viewing the data and alerts [15]. Data are encrypted and sent to the server via Wi-Fi
or wired network connection. Falls are detected on the home computer based on depth
data; fall alerts are immediately sent to designated individuals [16, 17]. Health alerts are
processed once a day on the server and sent to clinical care coordinators, as these do not
require immediate attention. Specialized algorithms detect changes in sensor data
patterns that might indicate impending health problems which may lead to serious health
events if left unattended [15]. With proper interventions, small problems can be
addressed before they become major health problems, thus maintaining a high level of
functionality and a high quality of life for older adults as they age. The work thus far
has relied on the clinical staff to determine whether an intervention is needed. In future
work, we plan to investigate the older adults’ use of the system for managing their own
chronic health conditions.

A web interface includes several graphical visualizations of the sensor data, which
were originally developed to support the research team and clinical staff [18, 19].
Figure 1 shows one view of motion and bed sensor data. Passive infrared (PIR) motion
sensors are placed in each room to capture activity. Motion events are generated every
seven seconds if there is continuous motion in the detection cone. In addition to the bar
graphs shown in Fig. 1, motion sensor data are also shown as motion density (number
of events from all motion sensors per unit time). An example of a motion density map
showing overall activity patterns is shown in Fig. 2. During this period, the older adult
slept through the night on most days, woke about 7 am, left the apartment (black regions)
for activities and some meals, and went to sleep around 10 pm most days. Several nights
show unusual bathroom visit activity (middle section of red bars). Three health alerts
were generated over this period, shown as the red vertical bars on Fig. 2. Changes in
daily patterns are often vividly illustrated in these activity maps [20, 21].

A depth sensor is used to compute gait parameters and detect falls (initially, the
Microsoft Kinect). The depth sensor produces a sequence of images in which each pixel
value stores the distance to the nearest object at that pixel. Individuals in the home
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Fig. 1. The Health tab of the web interface showing motion data from each room in the older
adult apartment (top) and pulse (in red), respiration (in blue), and restless computed from bed
sensor data. Buttons on the right toggle options on/off. The bottom slider bar selects a date range.
(Color figure online)

are automatically segmented and tracked in the depth images. They appear as shadowy
three-dimensional silhouettes, which users have found to be acceptable [22]. Detected
falls result in immediate fall alerts with a link to a short depth video clip showing the
fall [16, 17]. Examples of older adult falls detected in the home can be found at https://
www.youtube.com/watch?v=TFB7YOUmHho. The embedded video link allows
receivers to confirm that a fall did happen and to see what happened leading up to the
fall. Gait parameters are estimated based on purposeful walks that are observed in the
home. The height and other gait parameter estimates are used to distinguish a resident
from visitors or one resident from another resident so that gait trends can be tracked [23].
The system sends alerts for changes in walking speed, stride time, and stride length [24].
Examples of older adult walks in the home can be found at https://www.youtube.com/
watch?v=MF6yZyLuull. Figure 3 shows the web interface Gait tab, in this case showing
declines in gait speed and stride length.

The in-home sensor systems have been installed in TigerPlace apartments, an aging
in place housing site, and in many assisted living apartments elsewhere. For these older
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Fig. 2. Density tab showing a motion density map (top) and bathroom visit map (middle). Each
column represents a day, starting from midnight at the top to 11 pm at the bottom. Density colors
shown on the right indicate the level of activity (higher density represents more activity); black
is out of the home, e.g., for meal times and other activities. The slider bar on the bottom selects
the date range. The red vertical bars below the motion density map and on the bottom show health
alert days. Hovering over the alert bar shows the type of alert. (Color figure online)

adults, the clinical staff receive the alerts as email and use the web interface to determine
whether an intervention is warranted. The health alerts include an embedded link to the
web interface for that older adult, making it easy for clinical staff to view sensor data
around the time of the alert. If further investigation is needed, staff talk to the older adults
directly. We have also begun to use the system in private homes. Again, a clinical care
coordinator receives the alerts. However, she uses FaceTime as a video conferencing
tool to talk with the older adult remotely. In one case, the older adult user had difficulties
managing the iPad and FaceTime and had trouble in hearing the voice communication.
The iPad was set up for her, with the Wi-Fi connection and applications. The older adult
was trained in using the iPad and FaceTime but still had difficulties until she went to
visit her children and was able to spend some concentrated and repetitive time practicing.
After this visit, she was able to successfully have FaceTime calls. The sound is still a
little troublesome for her but she is able to make due. She seems motivated to learn
and use FaceTime, because she knows that she can communicate with her family with
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Fig. 3. Gait tab showing walking speed, stride length, and stride time. The graphs show declines
in walking speed and stride length.

this technology. Without this motivation, she might not have wanted to learn the inter-
face.

We have also begun to show the sensor data visualizations to the older adults being
monitored and their family members as an initial step towards developing a more appro-
priate interface for consumers. As a start, the older adults and family members have seen
motion data and depth videos of falls. Anecdotally, several older adults have shown little
interest in seeing the data. The general feeling is that they are too old to bother with it,
and they already have clinicians who are looking after them. A couple have expressed
interest in seeing more motion data. They are all impressed by the fall sensing tech-
nology; the fall depth videos provide the easiest output for them to interpret, as the
silhouettes rendered from the depth videos look like people. The floor plane is segmented
and colored to help interpret the depth videos; segmented people are also colored in
distinct colors. For viewing motion sensor data, older adults prefer the 24-hour motion
density maps because they can clearly see their pattern of daily activity, and the bathroom
density maps showing bathroom visits. The histogram graph of the motion sensor data
is difficult for them to interpret, as the y axis metric (number of motion sensor events)
is not meaningful.

4 Interactive Remote Physical Therapy System

The remote physical therapy (PT) system was developed to augment in-clinic time by
connecting a therapist in the clinic with a PT client in the home for remote quantitative
assessments [12]. The system has two different interfaces, one for the PT client in the
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Fig.4. Interactive remote physical therapy system (a) Therapist interface for the clinic; (b) Home
interface

home and another for the therapist; they are connected through a high speed network
connection. The interfaces were developed with iterative feedback provided by a thera-
pist and five older adults participants acting as PT clients. Figure 4 shows the final
interfaces, which use the Microsoft Kinect for video conferencing as well as for quan-
titative assessments. The therapist’s interface has more detailed real-time and post
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therapy data, whereas on the home side, less information is displayed. A challenge was
to decide how much information should be presented to be productive, while keeping
the users focused in their own tasks.

For this work, two tasks were chosen that can both assess for fall risk problems and
provide exercises to overcome fall risk: (1) single leg stance, and (2) tandem walk.
Figure 4 shows a single leg stance. In a tandem walk, the user walks in a straight line
with the feet touching heel to toe. Both exercises test balance, which is measured quan-
titatively as body sway, using the Kinect depth camera. Multiple trials are supported,
each lasting for 20 s. A (green) timer bar on the interface shows the time left for a trial.

Both the therapist and home interfaces have two video feedback elements, showing
the local and remote views. In the therapist’s interface, the remote video element is
comparatively larger to help the therapist evaluate the PT client’s performance more
effectively. In the home interface, both the video elements are the same size. To perform
an activity trial, the PT client has to carefully observe the therapist’s movements and
repeat them in each trial. On the bottom right of both interfaces, a real-time skeletal
model of the PT client is provided to visually confirm correct skeletal data. Both inter-
faces also have a sway indicator on the top right corner of the PT client video window.
This displays the degree of sway in real-time, in Anteroposterior (AP) and Mediolateral
(ML) directions, represented as green, yellow, and red to show the amount of sway.
Green represents a safe zone, whereas red represents a fall potential. A real-time joint
alignment module is included only in the therapist’s interface, to provide feedback on
the detailed posture of the client. Network strength is also shown to the therapist, to
ensure network performance during remote communications. At the conclusion of the
trials, the therapist can view traces of the body sway (Fig. 5) and see quantitative meas-
urements of maximum sway in the AP and ML directions. These were not shown to the
PT clients at home but could be used as feedback for them to track progress.
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Fig. 5. Traces showing body sway (a) Single leg stance trials, (b) tandem walk trials

The hardware platform used for both the therapist and the home consisted of a 32-
inch wide television mounted on a 5-foot high stand with a computer mounted on the
side. The Kinect was positioned directly below and in front of the television. This large
scale monitor allowed easy viewing at distances required to perform the exercises.
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A keyboard and mouse was required at the beginning of each session on both ends, to
set up the network connection. After this was established, video conferencing was acti-
vated to allow voice communications. A researcher brought the equipment into the home
for each session and set up the network connection to begin the session. We did not
expect the older adult user to manage this step. In addition, voice commands were
implemented for the therapist to allow for easy control through the different exercises
and trials without requiring a keyboard or mouse.

The system was tested with five independent older adults, located in Kansas City,
MO. The Google Fiber network was used to connect the homes with a physical therapist
located on the campus at the University of Missouri in Columbia, MO. Survey results
were collected from the older adults in the home and the therapist. The final session
showed very high ratings from the therapist for video and audio quality at 4.7/5. The
older adult participants rating the video and audio quality at 4.0/5. The average user
satisfaction rating from the therapist was 4.8/5, whereas the older adult participants rated
it 3.7/5. Lower scores were given by the older adults for categories of (1) using the
system with confidence, (2) readily available, and (3) easy to use. These lower ratings
were most likely due to the complicated network set-up required at this stage of devel-
opment. An average rating of 4.25/5 was given by participants for (1) accuracy of remote
movements on the interface and (2) senior following the remote activity demonstration.
A minimal training time on the interface was apparently sufficient for the older adults
to interpret the information on the PT interface. If they did experience problems, the
therapist was there to answer questions and provide guidance.

5 Discussion

Although the in-home sensor system and the remote PT system represent different types
of systems with much different functionalities, there are common HCI research chal-
lenges for both. We consider HCI challenges in the following areas:

Turning the system on. How should the system operation be initiated?
Methods for controlling operation and navigating through an interface. Hardware
platforms are considered here also, as some control methods are dependent on the
platform.

e Output displays. This includes both the format and the level of detail displayed.

Other challenge areas include training (on how to use the system and how to act on
the information displayed by the system) and personalization (should the system adapt
to the user and will this make it easier to use or harder as it changes?). Although not
considered here, these too should be investigated for older adult users.

The challenge of how to turn the system on was not addressed for older adults in
either the in-home sensor interface or the remote PT interface. Thus far, we have avoided
this issue by having a researcher start the system and show it to the older adult user.
However, it will need to be addressed for a system to be accepted and used. Two main
options are to require the user to start the system use, e.g., by pressing a button, or to
have the system automatically prompt the user. This was shown to be a challenge for
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one user even in the seemingly simple use of FaceTime, when the call was initiated by
the care coordinator. The fact that more training solved the problem is consistent with
the study in [8]. For the researchers and clinical staff that currently use the web interface,
they often open the system by clicking on a link in an email. However, for older adults
that do not use email, this will be yet another barrier to using the system.

The challenge of what control methods to use is somewhat tied to the hardware
platform. A tablet supports touch. If large buttons and large type are used, this could
provide an effective control method as long as the choices are limited. Likewise,
keyboard and mouse can be effective, especially for users already familiar with them,
as long as the interface is not too busy. The current sensor data interface has many tabs,
options, buttons, and charts that could easily overwhelm an older adult wanting to view
their own health related information. A simpler control interface will be necessary for
consumers, both older adults and their family members. The remote PT system did not
require control by the older adult user; the system was driven completely by the therapist.
Because the system was built on synchronous video conferencing, the older adult could
talk to the therapist directly if there were any problems with the system.

Speech is another option for application control. In studies investigating interfaces
to robots, older adults have stated their preference for speech [25]. However, speech
recognition for older adults can be problematic if the recognition is not reliable. One
study showed a 10 % reduction in recognition rates for older adults compared to younger
adults [26]. The speech interface for the remote PT system worked very well for the
therapist but was not tried for the older adult users. Each command to the PT system
was begun with “Mizzou Steps” so the system was not confused by the normal conver-
sation between the therapist and client in the home. A similar strategy could be used by
the older adult in the home for other applications. For example, the user might provide
a name for the system to support a command such as “Buddy, show me my gait for the
last week.” If it works reliably, this could be an effective control method.

The third challenge is on how to display the output, that is, what format should be
used and at what level of detail. In the remote PT system, we obtained feedback from
users to determine how much detail to include. It was clear that the older adult users
required less detail than the therapist. More investigation is needed to determine whether
we really got it right. For the sensor data web interface, the current configuration offers
too much detail for consumers. Many of the options and charts have been included to
help ensure the system is operating properly. Viewing these charts gives the research
team confidence in trusting the data, but many of them would likely confuse consumers.
Our initial investigation with older adults was consistent with the study in [11]; older
adult users preferred the motion density visualizations over the histograms of the raw
motion sensor data.

Other format types are also available. Our research team has been exploring sensor
data summaries in the form of textual descriptions. For example, a summary of bed
sensor data could be “The bed restlessness tonight is a lot higher than most of the nights
in the past two weeks” [27, 28]. This could be used as a text message sent to a family
member or it could be used as an explanation of a graph, e.g., as part of training in how
to use the system. It might also be used to start an automated discussion with the older
adult to investigate further. For example, this could initiate a string of questions to find
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out if the user is in pain or is having problems with a chronic health condition. In any
case, further study is needed to determine the appropriate level of detail in the message
and the best time period (day, week, month, etc.).

In summary, we have reviewed two application designed to help older adult age in

place and have discussed HCI challenges with respect to the older adult user. Addressing
these challenges will provide new opportunities to engage older adults with technologies
that can help them better manage their own chronic health conditions, address health
problems, maintain function, and ultimately retain independence which is so crucial for
aging in place. Getting the interface right will be essential to achieving this vision.
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Abstract. The constant evolution of the Web is a worldwide phenom-
enon that needs to deal quickly with the various segments of current
society. Thus, Web content should be accessible to the different user pro-
files. In this century, the aging population has presented a high rate of
demographic growth. Older people (aged 60+) have some of their capac-
ities limited and may face barriers to interact with services and content
available on the Web. Despite of legislation and recommendations con-
cerning how to make Web content more accessible and usable, there are
still many problems related to accessibility and usability to be solved,
especially those related to recent technological advances of current Web
resources. The purpose of this study was to investigate the main acces-
sibility and usability issues on websites. The study involved a sample of
20 Brazilian older people. Results showed the most common issues found
and participants manifested their main difficulties.

Keywords: Web accessibility - Web usability - Website - Older people

1 Introduction

The Web has undergone substantial technological innovations, and its adoption
in various segments of current society has proved to be irreversible, especially
in segments such as e-government, online banking, entertainment and others.
Although novel Web browsing facilities have arisen, there is still a great challenge
related to Web accessibility and usability. It is very important that different user
profiles must be considered at the system’s design, in order for information to
be accessible in the broadest possible way [20]. In addition, an accessible Web
has the potential to help people with disabilities and older people to participate
more actively in society [14].

According to the ISO 9241-171 standard, accessibility is “the usability of a
product, service, environment or facility by people with the widest range of capa-
bilities” [5]. In particular, Web accessibility enables people with disabilities to
© Springer International Publishing Switzerland 2016
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perceive, understand, navigate and interact with the Web, and thus to contribute
with it [4]. These requirements are also relevant to older people, which may have
their abilities affected by aging, with possible influences in their physical, mental
and learning capacities [18].

In this context, older people are identified as a profile to be included in
accessibility and usability issues. As people become older, their sensory, physical
and cognitive abilities are affected in general, gradually. The aging process nat-
urally brings to them difficulties when interacting with resources of computer
systems [17].

Population aging is a worldwide phenomenon. The United Nations (UN) [2]
and the World Health Organization (WHO) [8] showed that the world population
is in a unique and irreversible transitional demographic process which will result
in older populations everywhere. While fertility rates decline, the proportion of
people aged 60 or older will double by 2025 and will reach virtually two billion
by 2050. According to the National Census data from 2010, conducted by the
Brazilian Institute of Geography and Statistics (IBGE) [6], population aging
has been occurred at an accelerated way due to factors such as increased life
expectancy. Furthermore, according to the population projections, based the on
Census, the Brazilian population of people aged 65 or older will be four times
greater by 2060. By this time, this number will reach the percentage of 26.8 %
of the population, while in 2013 it was only 7.4 %.

Despite the existence of accessibility and usability guidelines such as the
Web Content Accessibility Guidelines (WCAG) [9], The National Institute of
Aging’s (NIA) guidelines [7] and the Brazilian Electronic Government Accessi-
bility Model (e-MAG) [1], further studies are needed in order to reach a better
understanding of the needs of older people as users of computer systems. Addi-
tionally, the barriers that those users face to interact with websites should be
better characterized [10]. Often, websites are not designed aiming at older peo-
ple. The percentage of these users has been increasing in significant proportions,
boosting mechanisms to Web adaptation for taking into account this user profile.

In this context, the purpose of the present study was to investigate the main
accessibility and usability issues on websites encountered by Brazilian older peo-
ple. We first conducted an initial survey to investigate which websites older
people access more frequently, which was answered by 87 participants aged
60-90.

Then we selected four websites to the next phase of this study: evaluating
their usability and accessibility with the participation of older users. A total of
20 older people agreed to participate in this phase. Their ages ranged from 61
to 84 years, with a mean age of 67.5 years. They were all residents of the city of
Sao Carlos, state of Sao Paulo, Brazil. We asked each participant to attempt to
perform three tasks for each one of the four websites.

All participants had many difficulties during interacting with the websites.
After the test sessions, every participant was dissatisfied with the evaluated
sites, and almost all have failed to successfully complete the required tasks. We
used the guidelines proposed in the literature, by [15,16,19] to define our set of
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issues for guiding the process of identifying usability and accessibility issues that
occurred during the tests. The proposed issues were grouped in sets according
to the similar topics, and their overlap was removed. In addition, the issues that
refer to the barriers and difficulties that older people face when interacting with
the Web were identified.

The remainder of the paper is structured as follows: in Sect. 2, we examine
the previous works related to this paper. In Sect. 3, we describe the usability
test of the websites, in Sect.4 we present the results and discussion. The main
conclusions and future work are described in Sect. 5.

2 Related Work

Several studies have discussed the main barriers and difficulties that older people
encounter while they interact with the Web. Such studies employed methods
such as interviews and usability tests, conducted in field studies or in controlled
environments. These barriers show that many websites are not designed keeping
in mind the profile of older users, making Web access, sometimes, impossible.

Some research studies have investigated the usability and accessibility of web-
sites by older people. Arfaa and Wang [11] performed a study with 22 elderly
users aged 65 or older, with none to advanced computer experience, utilizing
social networking sites. The results showed that their previous computer experi-
ence and the design of the sites affected the usability and accessibility for those
users. Furthermore, they identified that social networking sites are difficult for
elders to use because of computer illiteracy, lack of knowledge of Web 2.0 con-
cepts, navigation and other usability issues.

Similarly, in another research study which also involved social networking sites,
Braun [13] aimed to understand the factors that influence to the use social networks,
such as Facebook. In that study, 124 older adults (aged 60-90) who used the Inter-
net were surveyed. The survey focused specifically on factors related to technology
adoption and measured attitudes about perceived ease of use and perceived use-
fulness of social networking websites, as well as other factors related to technology
acceptance. The analyses carried out showed that the use of social networks was
associated with trust in their abilities and the Internet use frequency. Unlike what
was expected, factors like ease of use and social pressures were not significant pre-
dictors.

Bergstrom et al. [12] conducted five independent website usability studies
that included younger and older participants and examined age-related differ-
ences in them using noninvasive eye tracking. The studies highlighted the poten-
tial for age-related differences in performance while navigating websites, such as
differences in eye movement and performance during use of some of the sites. The
older participants had lower accuracy in one study and took longer to complete
tasks in two studies compared to younger participants. In addition, the research
inferred that when a website has distracting visual elements, older people pay
attention at those areas more than to the rest of the screen.

According to Finn and Johnson [16], many web designers still ignore usabil-
ity and accessibility design guidelines. The authors of that study conducted a
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usability study in three travel websites with 9 elderly users aged 55-80 and
encountered some problems like: text too small and not easily enlargeable, dif-
ficulty returning to Home page, confusing terminology, hard-to-operate menus,
poor marking of links, among others. That study showed that companies which
target older adults may be failing to follow such guidelines.

In the present paper we investigated the main accessibility and usability
issues on sites frequently visited by Brazilian older people in the town of Sao
Carlos. In contrast to research conducted by [16], we have carried out an initial
survey that showed that the travel websites were not very accessible for elderly
Brazilians. In addition, participants in our study had 60 years or more, because
Article 1 of the Brazilian Statute of the Elderly (Law 10.741) considers old people
as those who are aged more than 60 years [3].

3 Methodology

In order to investigate the accessibility and usability issues on websites for Brazil-
ian older people, we followed the methodological procedures as described in next
subsections, detailing the data collected and the usability tests performed.

3.1 The Evaluated Websites

We first conducted an initial survey to investigate which websites older people
accessed most frequently. The survey was conducted by means of interviews
with 7 open-ended questions: the first 6 questions asked for the main websites
the participant accessed in each of the following categories - search engines, social
network sites, video sites, email services, news sites and blogs. The last question
asked for any other website not previously categorized in the interview, such as
shopping sites, Wikipedia, health sites, food sites, banking sites and others.

The survey was answered by 87 participants, aged 60-90, of the educational
program of the University of the Third Age in the Sao Carlos Educational Foun-
dation (UATI - FESC), in the town of Sdo Carlos, in the state of Sao Paulo,
Brazil.

From the initial survey results, we applied a criterion for selecting websites
for inclusion in this study. We chose the most accessed websites and government
websites, both at national and regional area.

The 4 selected websites for the study, were:

— UOL - Universo Ouline - http://www.uol.com.br;
— Sao Carlos Agora - http://www.saocarlosagora.com.br;
— Previdéncia Social (Social Security services for Brazilian people) - http://

www.previdencia.gov.br;
— FESC - http://www.fesc.com.br.

The websites were downloaded with HTTrack Website Copier Tool' version
3.48-21, on 6th May 2015 and hosted on the server of our research group for use
in the usability test sessions.

! Available online at https://www.httrack.com/.
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3.2 Participants

Twenty participants aged 60 or older participated in the study, out of 53 invited
from senior activity centers, as UATI - FESC and the University of Sao Paulo
(USP). They were 5 men and 15 women, with ages ranging from 61 to 84 years,
with a mean age of 67.5 years. They all lived in the town of Sao Carlos, in the
state of Sao Paulo. On average, participants had used the web for 5-10 years.
Participants reported average daily web use of one to three times per day.

All the 4 websites were evaluated by 17 participants, and three participants
evaluated only two websites each. Due to equipment failure, the data of two of
the older participants were lost and one participant gave up to do it. According
to the responses of the pre-test questionnaire, the participants were divided into
2 groups:

— Group of experts (GE): those who use the Internet for over 10 years - 9 seniors
— Group of novices (GN): those who use the Internet for less than 10 years -
11 seniors

The distribution of the participants in each group with respect to gender,
age and education level is shown in Table 1.

Table 1. Number of participants in each group, according to their characteristics
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Distribution of the participants in groups

Gender Female

Male

Age 60-69

70-79

8089

Education Level | Elementary school
High School
Graduate
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3.3 Tasks Undertaken

Each participant was asked to perform three tasks in each website, the tasks
were different for each website.

The set of tasks devised for each website was related to typical and common
tasks that older people could perform on each website. The tasks were orga-
nized in a scenario to find specific news for news sites and search for important
information by the elderly in government sites.

The websites were evaluated in different cycles, and the order was reshuffled
at each cycle to avoid any ordering or fatigue effects.
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3.4 Equipment and Software

The evaluations were performed using a HP Pavilion laptop with Microsoft Win-
dows 7 Operating System with processor AMD Dual-Core 2.30 GHz, 4 GB RAM,
equipped with speakers, keyboard, a 14 in LCD screen, a webcam and a 2-button
mouse.

Participants accessed their assigned website using the Web browser with
which they were most familiar. In this study, all participants used Firefox 40.0.3.
The computer also ran a screen capture program, Morae 3.2.1%, that recorded
the screen and voice of participant and researcher. Morae was set to record
keystrokes and mouse events.

3.5 Procedure

The usability test sessions were conducted in the laboratories of the senior activ-
ity centers: the UATI - FESC and USP, where the older people take Inter-
net courses (University of the Third Age). Each session lasted around 46 min,
depending on the number of sites each participant chose to evaluate.

Participants were first briefed about the purpose of the study, the process of
the evaluation and were asked to read and sign an informed consent form. Next,
they completed a brief questionnaire about their age, educational competencies,
profession, how long they use the web and the frequency of use of the Internet
per day.

After all the settings on the computer have been made, the researcher opened
the browser with the link that downloaded sites were hosted in the research
group of the server and began the recording session with Morae. For each site,
the researcher read the description of the task to the participant and gently
asked participants to think aloud protocol, indicating the usability problems
they encountered. While the participants performed the tasks, the researcher
noted all comments, questions and reactions from the participants during each
session.

After usability test sessions were finished, the researcher asked participants to
report what tasks had greater difficulty, which sites have suggestions for improve-
ments and summarize the important aspects for them on the evaluated sites.

4 Results and Discussion

The results from the usability tests showed that all participants had many dif-
ficulties to interact with the sites. After the test sessions, participants showed
dissatisfaction with the evaluated sites, and many failed to successfully complete
the requested tasks. Following, the accessibility and usability issues observed
during the evaluation of four websites are discussed.

To define our set of issues, we based the analyses on the guidelines proposed
by Dias et al. [15], Finn et al. [16] and Lara et al. [19]. The following 7 sets

2 Available online at https://www.techsmith.com/morae.html.
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of issues were proposed, regarding to the issues that refer to the barriers and
difficulties that older people faced when interacting with the Web. In addition,
the identification of accessibility and usability issues was conducted by means of
observations by the researcher and manifestation of users during the tests.

Issue 1 - Location of the Requested Information. All participants (both
GE and GN) had many difficulties to find the requested information. The sites
of FESC and Sao Carlos Agora had drop-down menus very close, which caused
confusion to participants. In addition, important information for the popula-
tion, such as the opening hours of FESC and program of courses were not easy
to find, which made users to give up searching the site. They said they pre-
ferred to go or call FESC to obtain this information. The same happened to the
site of Previdéncia Social, which did not present the information in an easy-to-
find manner, making users go to another website (The National Social Security
Institute - INSS) seeking information that was not clear on the site.

A few comments from participants are transcribed as follows, and show the
difficulty in finding the information requested during the tests:

“It is quite difficult to find the opening hours of the FESC Vila Prado.”

“The FESC site should facilitate the way in which information is placed there,
we have difficulties because of our age, we forget things.”

Issue 2 - Site Map Use. Only the FESC and Previdéncia sites had a site
map. In the GE, 44.5% of the participants used the site map. In the GN, 9%
of the participants used the site map. The fact that GE used the site map more
frequently should probably be related to their greater experience. They had more
familiarity and had learned how to use this option on sites.

Issue 3 - Forgetting or Inattention. Only one participant in each group
did not show any kind of forgetting or inattention. The highest incidence of
forgetting episodes and lack of attention was in relation to what had to be done
on the task. While performing a task, participants lost attention browsing the
site and at any given time, requested help to the researcher to remind them
about what should be done on the task. Another occurrence of forgetting what
happened was related to what task he/she had already conducted and ended up
doing it again.

Issue 4 - Presentation of Links Activation Problems. Participants (both
GE and GN) reported having difficulty understanding some links that were not
clear for them, for example, the link “Leia Mais” (read more) in the FESC web-
site (Fig.1). This link caused confusion to participants who did not understand
it as a link but as part of the text to which it belonged. In addition, another
problem reported was the proximity of the links on the UOL website. Some
participants had trouble clicking a few links that were too close together.

Issue 5 - Information Overload and Links. The selected sites had a large
amount of information and advertisements that made participants feel over-
whelmed with the choices. Participants of GE and GN reported that the UOL
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Fig. 1. Screen capture of option “Leia Mais” (read more) of homepage

site had a lot of advertising that appeared and flashed on their screen, numerous
windows, endless scrolling, as well as information and very close links, making it
difficult to navigate and distracting their attention. In addition, the Sao Carlos
Agora site also presented lack of contrast between text and background colors,
making it difficult to search for information. Another reported issue was the
need to improve the content and organization of the information on the 4 sites,
to make it clear and direct, especially on sites like FESC and Previdéncia Social,
which had older people as their main target audience. A few comments from
participants about this issue:

“The Sao Carlos Agora site is not very familiar to me, I was lost, too much
information.”

“The Sao Carlos Agora and FESC sites are very polluted!! The Sao Carlos
Agora has too much advertising.”

Issue 6 - Difficulties to Return to the Homepage of the Site. 88.8%
participants of the GE and 90.9 % participants of the GN found it difficult to
return the site’s home page on FESC, especially to find the schedule of the
courses in one of the requested tasks. In this site, it was necessary to get the
schedules of the courses offered by clicking on them, and open a new page with
the PDF of times. Participants did not know how to get back to the home
page. The other sites also had no clear breadcrumbs, creating difficulties for
participants, especially to the inexperienced (GN) during navigation.

Issue 7 - Confusing Terminology and Understanding of Abbreviations.
The FESC site presented terms that were not clear to participants (both GE
and GN), such as the Institution term to indicate the different campi of FESC.
Another problem was the menu with abbreviations without their definitions
(Fig. 2), which caused confusion for participants who were lost with this menu
and requested assistance from the researcher. A few comments about site are
described as follows:

“On the website of FESC, the term institution is very formal, I can not
understand that refers to differences campus FESC.”

“Information needs to be clearer on the FESC site, these abbreviations are
not accompanied by their definitions, it left me lost.”
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Failures (Unfinished Tasks). In each of the sites selected there were tasks
that participants had more difficulty and abandoned or performed incorrectly.
The most difficult task and most abandoned by users was the task 3 of Pre-
vidéncia Social, related searching for a video. This task was more difficult because
the site showed the videos at the bottom, requiring participants to go throughout
the entire website content to find the option that directed the videos. In addi-
tion, the site did not present the video’s names, only one could see it hovering
over the video. Task 2 also had a number of abandonment because the search
of the FESC opening hours and the term used by the site to refer to different
FESC campi was not clear. It also refers to the issue 7 already described.

Task Completion Rates and Time to Complete Tasks. In order to observe
the behavior of groups according to the complexity of the evaluated sites for these
analyzes, the four sites were divided into two groups:

1. Simple sites (SS): regional sites, which have less content and fewer links -
FESC and Sao Carlos Agora

2. Complex sites (CS): national sites, with the greatest amount of content,
different areas of information and greater amount of links - UOL and Pre-
vidéncia Social

An analysis considering all the sites and the completion of their tasks by the
group showed that experienced participants (GE) a task completion rate of 84.4 %
and novice participants (GN) had a task completion rate of 69.8 %. A Chi-Square
test found a significant difference between the completion rates when comparing
the two groups in all websites (X? = 6.439, df = 1, p — value = 0.01) (Table 2).

Table 2. Percentage of participants that completed or were unable to finish tasks in
all sites

Groups Completed tasks | Unfinished tasks
Experienced users (GE) | 84.4 % 15.6 %
Novice users (GN) 69.8% 30.2%

According to Table 3, participants in GE spent more time to complete tasks
and also more time give up on them. Since they were more experienced, it created
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Table 3. Average time (in minutes) for performing tasks in all sites

Group Completed tasks | Unfinished tasks
Experienced users (GE) | 00:02:57 00:08:40
Novice users (GN) 00:02:40 00:05:49

an expectation that they would spend less time to perform the tasks. However,
participants in GE tended to more persistent and ended up spending more time
in unfinished tasks than participants in GN. More studies would be necessary
to increase the number of participants and tasks in order to show this difference
with statistical significance.

Task Completion in Simple and Complex Websites. A second analysis
was performed splitting the data into simple and complex websites. This analysis
was performed in order to verify whether the complexity of the sites in this sam-
ple had any effect on task completion rates. Table 4 shows the percentage of tasks
completed and unfinished in simple sites. Table5 shows the same information
for complex websites.

Table 4. Percentage of participants that completed or were unable to finish tasks in
the SS

Group Completed tasks | Unfinished tasks
Experienced users (GE) | 81.5% 18.5%
Novice users (GN) 66.7 % 33.3%
Total 73.5 % 26.5%

Table 5. Percentage of participants that completed or not the tasks in the CS

Group Completed tasks | Unfinished tasks
Experienced users (GE) | 88.1 % 11.9%
Novice users (GN) 72.7% 27.3%
Total 78.7% 21.3%

Surprisingly, in the evaluations performed with this sample of websites, a Chi-
Square test found no significant difference between task completion rates when
comparing simple and complex websites (X2 = 0.832, df = 1, p — value = 0.36).
Considering the limited website sample size, further studies with a larger sample
of websites would be necessary to analyse the influence of website complexity in
task completion rates by experienced and novice older computer users.
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5 Conclusions and Future Work

This study presented an evaluation of four websites that Brazilian older peo-
ple frequently access and showed accessibility and usability issues regarding the
design and presentation of content. The issues investigated and the statistical
analysis showed that the sites need to improve the way they organize their con-
tent and information.

The analyzed Brazilian sites still have problems to present clear links and
the links are very near to click, information overload and many advertisements,
difficulties to return to the homepage, confusing terminology and abbreviations
without their definitions. In addition, more experienced older users succeeded in
navigation, suggesting that users more familiar with Internet can navigate more
easily.

The results reinforced known accessibility and usability issues related to exist-
ing knowledge guidelines from previous studies. Despite the existing guidelines,
there are still sites with accessibility and usability problems. Brazilian sites whose
target audience are mainly older people, such as the FESC and Previdéncia
Social were not accessible and usable to them. From the results of this research,
it is possible to address the problems and redesign the sites interfaces to improve
accessibility and usability for older people.

Finally, the suggestions and conclusions of this study can be used as a baseline
for the development of sites considering the profile guidelines of accessibility and
usability in order to provide better access to information by older people, mainly
for Brazilian citizens.
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Abstract. To allow persons with mobility issues to remain mobile,
the three-year project Mobia set out to develop a technology-supported
human-based service within public transport: mobility guides provide a
helping hand for passengers with mobility issues. The Mobia system can
be positioned within the field of AAL and consists of multiple user inter-
faces and actors to coordinate and realise the point of service. This paper
introduces two extension to the User-Centred Design methodology which
were successfully applied during the course of the project. The first is
the development of a large board game like demonstrator that allows for
simulation of realistic scenarios within the scenario during which obser-
vation of user behaviour can take place. The second — regulars’ table — is
a monthly face2face meeting between developers, passengers and mobil-
ity guides serving as a platform for exchanging experiences, testing and
discussing new ideas. Results from the Mobia project are discussed.

Keywords: User-centred design - AAL - Board game - Public transport

1 Introduction

Within two recent German funding schemes by the Federal Ministry for Eco-
nomic Affairs and Energy (BMWi) Door to Door (Tir zu Tir) and Federal
Ministry of Education and Research (BMBF) Mobile up until high ages (Mobil
bis ins hohe Alter), about 25 projects set out to address mobility issues within
the scope of Ambient Assisted Living (AAL). The officially demanded objec-
tives were to develop integral concepts for elderly persons by combining various
public transport systems into intermodal transport systems and beyond that
include human based services to develop holistic transportation concepts. The
projects additionally focussed on a number of adjacent topics like indoor and/or
outdoor navigation or social community aspects [1]. Although a majority opted
for bringing innovative concepts somehow close to the market, few, if any, really
succeeded in doing so. Indeed, some of the projects were rather basic research
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oriented projects and in the case of other projects, crossing the valley of death’
would had required more investment which is not always granted. Bearing all
this in mind, still a relatively low success rate in bringing the project results into
the market can be observed.

One conducive approach in analysing this phenomena is to take a closer
look at the research methodology used. The mobility projects are basically AAL
projects and thus geared towards the users’ needs. Within the last 40 years sev-
eral methodological approaches have been evolving ensuring that development
meets the users needs. One of them is user-centred design (UCD) [5,8] which
has been deployed by mobility projects like SIMBA, SenioMobil, Dynamo, Cam-
pagno or Mobia [1,2]. Although applying UCD in the case of mobility projects
seems both straight forward and well backed by research, there is a great num-
ber of interpretations how UCD should be actually implemented [9]. This very
fact leads to a big degree of freedom in applying this methodology, potentially
overseeing some major challenges arising especially when it comes to adapting
UCD [15]. In the case of the afore mentioned AAL mobility projects systems are
meant to comprise multiple actors and artefacts [18] — a user interface is only
one artefact of multiple — suggesting different approaches like socio technical
design (STD) [19]. STD advocates for the direct participation of the end-user
in the design process and is therefore closer related to so called participatory
design (PD) approaches which were deployed in mobility projects like PASSAge
or S-Mobil 100 [1,3]. But especially in PD, it can be difficult for end-users to
participate in innovative solutions given their special needs [15]. Juxtaposing
UCD STD and PD there is a large conceptual overlap in the sense of putting
the users’ needs at the center of the development including generic challenges
within this area which this paper is going to discuss from a UCD perspective.

Below, two main challenges are briefly discussed in order to pave the way for a
detailed description of how they could be tackled. Within the mobility projects,
developing new intermodal transport systems and possibly augmenting them
with an additional service concept multidisciplinary teams have to overcome
two major challenges:

1. Enabling the user an easy comprehension of the innovative system as a
whole.

2. Maintaining the iterative manner of the chosen methodology and thereby
being accompanied by the users throughout the whole project’s lifetime and
beyond.

Enabling an Easy Comprehension. UCD amongst the other outlined
methodologies typically starts with a comprehensive and careful analysis of the
users’ needs. Derived from this analysis, functional as well as technical require-
ments are worked out [14] which are then often incorporated by personas and

! Especially in Europe there is a gap between development of science and develop-
ment of commercial products — the so called valley of death — which results in large
problems with knowledge exploitation [4].
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scenarios [17]. In a second step the requirements are implemented into user-test
ready mock-ups or products which are in a third step evaluated by the actually
addressed users. Of course there are multiple variations in labelling the steps
included in UCD and this is just an abstract description of how UCD methodol-
ogy is typically applied [5,7]. Still there is always a conceptual break between the
theoretical analysis of the users’ needs and the practical implementation of inno-
vative solutions which should be evaluated by the user in the adjacent step. In
most cases users are not disturbed by this break and perceive a certain usefulness
of the novel solution. As the Technology Acceptance Model (TAM) predicts, the
perceived usefulness and the perceived ease of use are the two key predictors for
novel technical solutions to be accepted by the user [13]. Ensuring a perception
of usefulness can be very challenging in technologically novel systems though.
This might be due to the reason that targeted users are either restrained by own
mental abilities or — as outlined above intermodal mobility concepts build upon
multi-artefacts and multi-actor architectures — proposed new systems are to dif-
ficult to understand with reasonable effort [15]. Additionally, the challenge may
arise from the fact that UCD was initially developed within the community of
user interface designers [16] and therefore “traditional user-centred design meth-
ods provide little guidance in how to involve the elderly in [...] ambient assisted
living scenarios” [10, p. 334].

Maintaining the Iterative Shape. There is a certain risk that a UCD cycle
stays a one-time activity, which is performed at the beginning of the project and
gets cut out approaching the final project phase typically running on a tight
schedule [7]. This is by definition poor UCD, as UCD methodology builds upon
an iterative procedure which should be maintained throughout the project’s
whole lifetime.

To conclude, having mentioned that development methodologies focusing on
users’ needs are very popular upon AAL applied research, but still a highly
flexible methodology, two frequently overlooked challenges are connected to user
acceptance and comprehension of novel intermodal concepts and maintaining
an iterative approach throughout the whole development. The scope of this paper
is to suggest extensions to UCD methodology and to provide implementation
insights from the Mobia project — one of the afore named mobility projects —
which addressed the above mentioned challenges early on. To conclude this paper
will discuss the implemented method’s efficacy.

2 Mobia

The research project Mobia aimed at reducing barriers within public transport
in central Saarbriicken? by developing and validating a technology-supported
human-based service system. Mobia augments public transport internal physical
means (e.g. existing accessibility features in means of transport like fold out

2 Saarbriicken is the capital of the German state Saarland: 180.000 habitants.



132 J. Tréger et al.

wheelchair ramps) and internal digital means (e.g. interface for accessing time
tables) by a public transport comprehensive mean: mobility guides (German:
Mobilitéts-Lotsen) providing a service chain by helping passengers from door
to door, or at particular points or even during sub-parts of the journey during
which the passenger — of some reason — needs help. This includes for example
entering the bus at a particular bus stop (because the bus and bus stop do
not match), changing from bus to tram (because the way is too long), walk
from the tram to the entrance of the passenger’s doctor (because the passenger
is afraid of getting lost) or helping a young father with a child, buggy and
shopping bags to enter the bus (because he cannot handle that many things at
the same time). The technology consists of a software for intelligent disposition
and coordination of the mobility guides and front-ends for pilots and passengers.
The coordination software directs the mobility guides to the requested point of
service. The passenger front-end needed to be implemented flexibly so that all
passengers can interact with it. In addition to telephone calls, personalised and
adaptable user interfaces running on smartphones that allow their users not only
to order trips, but to receive real-time support during the trip were envisioned.
This includes tracking service as well as notifications and alerts. The Mobia
system was hypothesised to be capable of delivering coordinate personalised
interaction and service that allow — in principle — everyone to utilise public
transport.

3 Methodology

There are two common challenges using UCD within the domain of AAL mobility
projects, which are connected to user acceptance and comprehension of novel
intermodal concepts and maintaining an iterative UCD approach throughout
the whole project’s lifecycle. This paper claims that noticing these challenges
and addressing them upfront can help to increase the probability of succeeding
in bringing the envisioned solution close to market. Therefore this paper intro-
duces two methodological extensions to UCD and provides evidence for their
effectiveness from Mobia project.

The Mobia project included two traditional iterations of UCD development,
an extended iteration including a fully working simulation of the system and
a one year lasting longitudinal field test which included monthly feedback iter-
ations. The two first comprehensive UCD iterations were following the widely
recognised UCD methodology and included a paper prototype evaluation of first
interfaces and a mock-up version of the user interface on a smartphone (see
Fig.1). After these two iterations plenty of feedback concerning the user inter-
face was collected but the overarching Mobia system implementing the service
concept was still unreviewed by the user group.

Considering this, one could expect that potential users would be overstrained
and have concerns when testing the whole system in a real field test. This issue
is of great importance, as the requirement phase at the beginning of the UCD
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Fig. 1. User centred design as used in the Mobia project including two cycles of mock-
ups based evaluation, the demonstration board workshops and the project’s 12 month
lasting field test.

revealed that many users avoid using public transport due to its confusing com-
plexity; this is of course a subjective statement and sometimes related to limita-
tions on the user side. Therefore the project included a third UCD cycle whose
evaluation phase was geared towards evaluating the Mobia system as a whole
and which dealt with the challenge of making complex systems understandable.

Easy Comprehension Through Board Game Based Simulation. The
Mobia system includes multiple actors, as well as multiple artefacts including
different interfaces and technological components To ensure a certain feasibil-
ity of evaluations breaking the system’s concept down to simple easy to grasp
benefits for the user is nevertheless of vital importance. This becomes especially
articulated within the domain of AAL, as users often bring in plenty of different
needs due to age or disease related decline in senses or cognitive abilities [22].
Especially cognitive impairments make it very challenging to run an evaluation of
a complex system within AAL [18]. Tackling this issue the Mobia project drew
upon rich insights from former projects [6] and existing research [11] success-
fully using simulators in the context of AAL for development of user interfaces
as well as for demonstration purposes. Therefore it was decided to use a large
board game like demonstrator dedicated for user evaluations within the UCD
cycle (Fig. 2).

The Mobia demonstration board is composed of an excerpt of the street-map
of Saarbriicken, including public transport (busses and trams) stops and tracks,
serving as the board on top of which various figurines simulate passengers and
mobility guides. Various small 3D-printed vehicles depict busses and trams. To
make the model an interactive simulator, both board and vehicles were equipped
with sensors: the buses and trams with three magnets; reed switches are mounted
in the board under every public transport stop. Combining this information and
the number and the arrangement of the magnets under the vehicles enables one
to automatically determine which vehicle is at which stop. Therefore, sensor data
are fed to an Arduino Mega micro controller which is connected via USB to a
PC. This information is then transmitted by a simulation of the actual timetable
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Fig. 2. The interactive Mobia demonstration board including tokens for busses, trams,
mobility guides and passengers. The board measures 2.1 m times 1.1 m and is equipped
with reed sensors tracking the position of the vehicles.

information system of Saarbriicken’s public transport to the backend which also
coordinates the front-ends of passengers and mobility guides. In this way it is
possible to simulate the trip in a virtual time. RFID tags are attached to every
stop and vehicle so passengers and guides can sign up with the help of their
near-field-communication-ready front-ends at the stops and at the vehicles and
thus transmit their position with one touch to the system.

This demonstration board draws upon two major benefits commonly found
in the aria of serious board games: Breaking down the complexity of real life sys-
tems makes them easier to understand and enabling direct manipulation through
tangible objects reduces the barrier and fear for interaction (see also [6]).

Board games can be used to simulate complex real world systems and make
them easier to understand via means of abstraction and reduction of cognitive
load3. In the Mobia project the challenge was to make the complexity of a
technology supported service concept building upon public transport of a whole
city comprehensible. This concept includes the interaction of different types of
trams and busses, different actions with the system, such as registering at stops
or booking trips and different roles such as mobility guides and passengers. Right
from the beginning it was clear that only by understanding complex interaction
of all parts of the system the project could ensure the important perception
of usefulness to pave the way for user acceptance of this novel service concept.
Building upon scenarios and personas from the requirement phase of the UCD,
the aim was to simulate a realistic scenario of a complete Mobia service chain
through an abstract easy-to-understand but not oversimplifying model.

Evaluating interaction of touchscreen based interfaces, designers often
encounter hesitation and fear by older users. One explanation for this phenom-
ena is the fact that the age related decline in sensitivity to vibration [20] limits
the haptic feedback provided by touchscreens and thereby prevents elderly users
from a comfortable quality of interaction [23]. This is why another declared aim of
the Mobia demo board was to ensure the haptic experience of classic board games
taking into account that older users have special needs for haptic interaction.

3 Board games are effectively used in professional training programs simulating com-
plex scenarios like humanitarian crises https://paxsims.wordpress.com/aftershock/.
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In summary, the Mobia demo-board is a model-based simulation of public
transport in the style of a classic tangible board game and provides the testing
ground for evaluation and acquisition of rich qualitative data within the UCD
cycles.

Accompanying the User on His/Her Journey. The Mobia project set out
to comprehensively evaluate a running system within the UCD methodology.
Therefore it was necessary to build upon a strong basis of users which would
regularly use the system and agree to attend recurrent meetings to evaluate and
give feedback. For this purpose the Mobia project included a one year lasting field
test which was accompanied by evaluative monthly meetings, so called regulars’
tables. This approach is promising because of two aspects: The longitudinal
evaluation is a perfect indicator for the maturity of a system and the long time
period and the personal contact to the user help to set up a project friendly user
base which helps to finalise a running prototype.

By the means of a multiple month lasting longitudinal evaluation, projects
can prove a certain maturity of a technology based system. Building a prototype
and testing it in the real environment within a one year lasting longitudinal
study typically represents a Technology Readiness Level (TRL) of six or seven
[21]. This TRL can be used to rate a system and therefore can serve as indicator
of a project’s success. A longitudinal study also allows the developers to finalise
the system as the main functionality remains fix but the team can focus on
smaller features based on the users’ feedback.

At regulars’ tables on a monthly basis, developers can keep up the personal
contact to the user and profit from a well cultivated relationship with an estab-
lished friendly user base. Especially the fact that there is room for the user to
understand the perspective of the developers makes the cooperation more effi-
cient. In addition to that, the physical presence of project members, typically
technology experts, can serve as an support structure for technological problems
occurring during the field test. This is especially important as most users in AAL
contexts are not that tech savvy and therefore need some attention addressing
their issues while interacting with the system [12]. Those aspects in combination
with the ambient hospitality* a regulars’ table helps building a strong project
friendly user base which can be the basis of efficient cooperation.

Including a longitudinal field evaluation while accompanying the user at reg-
ulars’ tables combines the benefit of proving a certain technology maturity and
also getting constant feedback from a friendly user base which can be fed back
into feature adjustment and finalisation of the system.

4 Results and Discussion
Havnig identified two major challenges within UCD for complex AAL mobil-
ity systems related to comprehension of complex systems and maintaining

4 Within the Mobia project fine torte from one of the high quality local confectioneries
was povided.
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Table 1. User feedback (subsumed in core topics) acquired during the WSs classified
according to aspect of the system (horizontal) and type of feedback (vertical).

Public transport User Interface Service concept
General — Delays — Wording — Locations of high need
— Connections — Technical device’s — Office hours
barriers
— Safety at stops — Customer support
Interaction — Drivers’ behaviour — In-app navigation — Service manners
principle
— Complex ticket — Notifications & — Registration at stops
machines Alerts
—Booking process — Request handling
duration
— Help functions
Representation | — Stops’ bad condition | — Buttons & Icons — Guides’ recognisability
— Stops’ equipment — Trip representation |— Guides’ behaviour in
public

the iterative shape of UCD, this paper described two extensions to the UCD
methodology which were successfully applied within the project.

Results. Within the third UCD cycle of the Mobia project, in February 2013,
there were eight two hours lasting workshops (WS) including the demo board
visited by the project internal usability experts and around three target users
each time (X' = 20) as well as two mobility guides. The acquired feedback can be
subsumed and plotted in a three times three matrix with the axis aspect of the
system (public transport, user interface & service concept) and type of feedback
(general, interaction & representation), see Table 1.

The one year lasting field test took place from November 2013 until Oktober
2014 and set out with a number of 27 subjects participating which grew up to
a total number of 71 subjects having used the service at least once (compare
Table 2).

Table 2. Number of users showing up to regulars’ tables (RT), total number of users
enrolled and at least once active (X'U), number of users active on a monthly basis
(U/M) and number of trips conducted per month.

Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct
RT 25 |16 19 | 19| 15 16 | 13 14| 23
XU |27 |33 |41 (41 45 | 49 | 57 | 62| 66|70 7171
U/M |26 |18 |28 |28 28 | 29| 30 28 | 34124 21 17
Trips |40 |12 |65 |65 |109 |193 | 139 |162 |205|67 |110 136
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Fig. 3. Trips conducted within the one year field test, lasting from November 2013 (N)
until Oktober 2014 (O), with the help of a mobility guide (blue), without the help of
a mobility guide but within their working hours (orange) and outside normal working
hours (black). (Color figure online)

Plotting the user interactions during the field test clearly shows an increase
in total number of trips conducted using the Mobia interface which reached its
peak in the summer and then slightly dropped towards the end of the field test
(see Table2). This development aligns with a growing total number of users
enrolled into the field test; these are users which conducted at least one trip
during the field test. Correcting this total number of users for their monthly
activity, shows a relatively constant number of users which were active on a
monthly basis.

Further analysis of the number of trips booked reveals that the demand for
mobility guidance constantly grew during the whole period, the dip in August
is due to holidays. The number of trips not demanding for help of mobility
guides varied a lot. Due to the fixed service hours of the Mobia service, there
are two cases counting as trip without assistance: trips where mobility guides
were available but the user decided not to demand for help and trips outside
of service hours but the user decided to conduct the trip anyway. The latter
kind of unassisted trips followed the same bell curve as the total number of
trips mentioned above, whereas the number of trips refusing available assistance
stayed on a low level throughout the whole testing period (see Fig.3). This
bell curve distribution can be interpreted as a season effect as the number of
self-conducted trips drops in autumn and winter due to less daylight and worse
weather conditions.

Discussion. The demo-board workshops were geared towards improving the
core UCD development whereas the regulars’ tables were geared towards sup-
porting the longitudinal field test. The former revealed a rich variety of qual-
itative feedback illustrating how this tool helped the users to quickly under-
stand and to look at the whole system from different angles. This becomes clear
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through the feedback which did not only cover the user interfaces, but in prin-
ciple all aspects of public transport and additionally the whole service concept.
Therefore, the comprehensive feedback from such quasi-realistic game playing
can add value to commonly used techniques. Moreover, letting the user inter-
act with the simulator opened the possibility for the user interface designers to
simply observe and not only acquire explicit feedback. This got especially accen-
tuated for elderly users who found it problematic to abstractly reflect on the
system which is in one line with the literature and previous findings [6,11,15].
These insights perfectly align with the need for evidence for how to visualise STS
[19]. Furthermore, the WS attendees acknowledged the amount of engagement
of the project and consortium as made explicit through the get-together of the
whole project team. Therefore, the WSs helped to propel the development of the
system in the midterm and thus legitimated the relatively high monetary and
organisational expenses.

The longitudinal study was meant to serve as a realistic benchmark of the
system and to help jointly further improving it through dialog and collaboration
between all stakeholders. One of the regulars’ tables’ main advantage was to
circumvent users’ discouragement which would eventually cause them to leave
the project. The regulars’ table was open for any passenger which lead to a
relatively high fluctuation sometimes threatening the meetings to loose track.
Therefore, users were split into small groups discussing similar topics. Especially
the technical support for the not very tech-savvy users was of extreme high value
and helped keeping a strong friendly user base.

The initial tables turned out to become a forum for users’ negative experi-
ences and complaints which caused a very unproductive atmosphere, although
much of the complaints did not target the project objectives, but the public
transport as provided. To tackle this, the project introduced a passenger’s diary
where the passenger would write down positive and negative experiences of any
kind. This helped to absorb and buffer negative experiences and helped the users
to stay focused on the improvement of the system. All this lead to a throughout
constant participation during the long lasting field test without which the degree
of matureness probably would have not been achieved.

5 Conclusions

This paper set out to discuss possible solution for common challenges for UCD
within the context of complex AAL systems. The identified challenges are:
enabling the user an easy comprehension system as a whole and maintain-
ing the iterative manner throughout the project’s whole lifetime. In order to
tackle these challenges two extensions to UCD methodology as described in lit-
erature [8] were proposed which can be also transferred to other development
methodologies focusing on users’ needs like PD or STD. Innovative service con-
cepts within the field of AAL, like in Mobia, are designed for vulnerable persons
as main users. Developing for or with this user group, experience has shown a
mandatory requirement concerning continuous interaction between developers
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and users [2,6]. Taking this into account, this paper described a way of making
complex AAL systems comprehensible for the users during initial development
and showed how to maintain the iterative character of UCD and at the same
time allow for a continuous development during the whole lifetime of a project.
The first extension is the early stage usage of a large board game serving as a
simulator of, in this case, public transport allowing both the users to experi-
ence and developers to observe the users in a quasi-realistic setting. The second
extension is a longitudinal field test accompanied by regular meetings with a
project friendly user base.

Evidence for the efficacy of these two extensions is provided by data from
the Mobia project which applied the proposed methodology. The simulator pro-
vided an easy way to understand the multi-actor multi-artefact AAL system and
enabled the acquisition of rich qualitative data concerning not only interfaces
but overarching interaction within the whole system. Moreover, the descriptive
statistics from the longitudinal study show how recurrent evaluative meetings —
regulars’ tables — helped to accompany and keep a fixed user base on the one year
lasting operational test. Building upon this promising use case, one can say that
extended UCD methodology is still an excellent choice where research focusses
on users’ need. Correctly applied, it has the potential to move innovative ideas
into mature and sustainable systems.

Building upon these results, a five-year project started in late 2015 —
MobiSaar — with a larger consortium extending the Mobia system to cover the
whole federal state of Saarland®. This includes particularly finding ways to pro-
vide transportation within and outside the public transport spine for everyone.
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Abstract. User studies and user involvement in design have been heavily
discussed but lacks a systematic theory, thus causing confusion for novice
designers and researchers. Through extensive literature review, this paper iden-
tifies three approaches of user studies, i.e. ‘empirical studies’” which tends to ‘learn
from the past’; ‘experimental studies’ which tends to ‘learn from the present’, and
‘scenario-based studies” which tends to ‘focus on the future’. It also summarises
four models of user involvement in design, i.e. designers representing users,
designers consulting users, users participating in the design process, and users as
designers. These syntheses will help designers and researchers understand user
involvement in a more structured manner, thus making the application of the
theory and practice easier.

Keywords: User studies - User involvement - User participation - Models

1 Introduction

Users are often referred in the context of their existing relations with something, which
can be a natural thing (e.g. a cave), a man-made artefact (e.g. a chair), a kind of service
(e.g. healthcare) which might involve other human being(s) (e.g. a doctor) or social
systems (e.g. legislation). The continuous changing relations build, construct and
develop our environments and ourselves.

User studies firstly appeared in 1940s and they are one of the most researched
areas in library and information science (Siatri 1999). In that field, researchers tend
to focus on users’ behavioural and cognitive responses to the natural and man-made
world in order to understand their physical, sensory, cognitive and emotional needs
and interactions.

In innovation and management fields, research shows that users were referred to
contribute from 10 % to nearly 40 % per cent of the innovative ideas and products (Von
Hippel 2006, pp. 19-22). From a postphenomenological point of view, there are four
fundamental relations between the user, artefact and the world, where phenomenological
analysis can be applied to each relation for revealing the structure of our daily life (Zhang
and Dong 2013).

Understanding users/customers’ needs and requirements in design studies is
regarded as the first and most essential step for designers and manufacturers to take.

© Springer International Publishing Switzerland 2016
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Users are one of the human roles who put artefacts to use, the other two are designers
and manufacturers ‘who stand to have their activity and experience transformed’
(Carroll and Rosson 2007). In user-innovation studies, users are ‘firms or individual
consumers that expect to benefit from using a product or a service’, while manufacturers
‘expect to benefit from selling a product or a service’ (Von Hippel 2006, p. 3). In post-
phenomenology, users are those who get different experiences and perceptions through
interacting with artefacts. In this paper, ‘users’ refer to individuals or a group of people
using products or services. ‘Artefacts’ refer to man-made products. Users and artefacts
are both in a context, a background which is the users’ daily life.

User studies and user involvement in design have been heavily discussed but lacks
a systematic theory, thus causing confusion for novice designers and researchers. In this
paper, the authors will review literature from a broad range of disciplines, aiming to
offer a structured view on user involvement in design.

2 Approaches of User Studies

In his book ‘The Sciences of the Artificial’, Simon (1996) points out that to fulfill or
adapt a goal involves a relation among three things: ‘the purpose or goal, the character
of the artefact, and the environment in which the artefact performs’. He gives two
examples, one is that whether a clock will tell the time depends on its character (inner
construction) and the environment (where it is placed); the other is whether a knife will
cut depends on the material and the hardness of the substance. Influenced by Human-
Computer Interaction (HCI) studies and social movements, designers in architecture,
public service and industrial design gradually formed an opinion that designers have the
ability and should be responsible to solve problems through getting to know users and
their various needs and requirements.

These concerns have resulted in a series of approaches/methods of involving various
users, e.g.

e Participatory design, user design, and open design (Design Studies Special Issue
2007; CoDesign Special Issue 2008; Bjorgvinsson 2008; Von Abel et al. 2011;
Simonsen and Robertson 2012; Wilkinson and De Angeli 2014; Taffe 2015)

o Empathy design (The Design Journal Special Issues 2011; Newell et al. 2011)

e Universal design (Wolfgang and Korydon 2010; Lidwell et al. 2010; McAdams and
Kostovich 2011; Aragall and Montafia 2012)

o Inclusive design (Coleman et al. 2007; Journal of Engineering Design Special Issue
2010; McGinley and Dong 2011; Heylighena and Bianchinb 2013; Applied Ergo-
nomics Special Issue 2015)

e Design for all (Biihler 2008; Aragall et al. 2013; Bendixen and Benktzon 2015)

e Service design (Erl 2007; Roberto and Alexis 2008; Meroni and Sangiorgi 2011;
Beaumont et al. 2014)

These developments of user-involvement research challenge the traditional design
approaches, and the users’ roles and user-designer relations become a phenomena thrive
(Bihanic 2015, pp. vi—vii). Based on the classification of user models and the way of
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knowing the user, user studies in the design field can be categorised into three
approaches:

The first is empirical studies, focusing on literature and relevant data. Designers
learn from the existing studies of design theories and former practices. They also use
data and references from other different disciplinary studies, e.g. ergonomics studies
(physical data), medical research (health reports), economics and management studies
(market research, innovation studies), psychology (emotions), and sociology (behav-
iour, habits, beliefs, culture); or from various surveys and reports (e.g. World Health
Statistics annual reports 2005-2015; The International Classification of Functioning,
Disability and Health, ICF 2015); or from Standards(e.g. British Standards 7000-6 2005
and regulations, e.g. Americans with Disabilities Act 1990; Disability Discrimination
Act 1995). This approach can be characterized as “to learn from the past”.

The second is experimental studies, focusing on real individuals (potential users,
target users, focus groups, or designers themselves and their friends, colleges) to get the
first hand data and materials. Designers usually borrow qualitative and quantitative
methods from ethnography, and they “typically work in teams and use prototypes during
fieldwork to create dialog with the people” (Koskinen et al. 2012, pp. 69-70). This type
of user studies can be categorised into three basic forms according to how designers
interact with the real user: Forum—to ask, Representation—to observe, and Co-design
—to participate (Dong et al. 2007). This approach can be characterized as “to learn from
the present”.

The third is scenario-based studies, focusing on certain sets of ‘stories’, ‘narratives’
to build a context of use which involves an actor, various backgrounds, and a series of
events. It is “a relatively lightweight method for envisioning future use possibilities.”
(Rosson and Carroll 2003, p. 1033). Designers “can have a prospective approach and
can imagine all sorts of events with many alternative interface ideas” (Hasdogan 1996).
This approach also includes computer simulations, and developers tended to think in
terms of two kinds of user: one who was exploring the system with no particular goal
in mind and one who knew as much as the developer (Blandford et al. 2007). It is “the
imagination of the future”.

User studies in design are multi-disciplinary. The three approaches can be mixed in
the design process, and in each approach the data gathered can be divided into four types:
physical, cognitive, performance and psycho-social. Based on the three approaches of
user studies and the four types of typical data, we have developed four models of user
involvement in design practice.

3 Models of User Involvement

Due to different ways that designers involve users in the design process, there are various
levels of users’ activities: At one extreme, users are represented by designers or
marketers; at the other extreme, users are the designers who are developing products
themselves. Between the two are user consultation and user participation. These four
models of user involvement are shown in Fig. 1.
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Fig. 1. Models of user involvement

Norman’s model (see Fig. 2) will be used to further explain user involvement in
design. The model shows the interactions and relationships between the designer, the
user, and the system. The design model means the conceptualization that the designer
has in mind; the user’s model is what the user develops to explain the operation of the
system. It depends on not only the system that the designer has designed, but also the
various abilities of the users; the system is the only means that designers and users
communicate with each other, which often has an interface for operation and responding,
and the associated manuals and instructions.

DESIGN USER’S
\ MODEL \ MODEL
DESIGNER USER
I— SYSTEM J J ,

SYSTEM
IMAGE

Fig. 2. Three aspects of mental models (Source: Norman 2002, pp. 189-190)

3.1 Designers Representing the Users

In this context, designers are the only users who are ‘involved’ in the design process,
interacting with the device (see Fig. 3). It contains a premise that professional designers
are those who know what is best for everyone, no matter who they really are.
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Fig. 3. Designers representing the users

Designers in this model are often users of their own designs, and often think them-
selves as (typical) users at the early stage of design. In some specific circumstances, this
representation can be powerful in getting an insight into the users, the use contexts and
the user experiences. Patricia Moore, in the 1970s, made up and acted as an old woman
to visit a number of cities in North American with artificial restrictions to her joints,
hearing and vision. Her personal experiences show that in the late 1970s there were
much discrimination towards old people and people with disabilities in America, espe-
cially when using products and public services (Moore 1985). This ‘representation’
revealed different experiences and conditions that various users encounter, which has
made a huge influence on the growing universal design movement.

3.2 Designers Consulting the Users

This model of user involvement is most prevalent in design practice (see Fig. 4). The
consultation can take place at any stage of the design process: from conceptual design
to detail design. It is helpful for designers to gain access to users, to understand users’
needs, requirements, and their responses. There are many different conventions of
consulting users in different design disciplines, e.g. product design and architectural

design.
CONSULTS

C=
SYSTEM
Fig. 4. Designers consulting the users
User consultation can be regarded as a scientific experiment (Newell et al. 2011).

The designers are viewed as scientists, and users are the experimental subjects. Scientists
pick up and chose what they need from the experimental subjects when doing research
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in their lab, then collect and analyse data to achieve their goals. In this model, users play
a passive role in the design process and decision-making; they are only regarded as
information providers.

3.3 Users Participating in the Design Process

This model is represented by participatory design and user design, where users become
stakeholders in the design process. It is a turning point from the information providers
to the design participants, from the designer design to the designer-user co-design. It is
also a co-creation design process of sharing knowledge, skills and experiences of all the

participators (Fig. 5).
m
L=

SYSTEM
IMAGE

Fig. 5. Users participating in design

Many methods of this kind of user involvement have been developed (Hanington
and Martin 2012; LUMA Institute 2012), such as webpage design and software devel-
opment (Frick et al. 2001), customized computers (Randall et al. 2007), UTOPIA project
(Newell et al. 2011), product design (Kostovich et al. 2009; McAdams and Kostovich
2011; Goodman-Deane et al. 2014). Several approaches and platforms provide supports
for user participation in design, e.g. the ‘critical user forums’ (Dong and Cassim 2007)
organized at the Helen Hamlyn Centre at the Royal College of Arts since 2000. Through
bringing designers and users with disabilities together, the forums provide designers
with an effective method to engage users in design, which inspires designers to develop
more inclusive solutions. Open design, an approach that is the ‘free distribution, docu-
mentation and permission of modifications and derivations’ of an object, product or
service (Von Abel et al. 2011), offers unprecedented possibilities for not only the end
users or amateurs to participate in design, but also opportunities for more professional
designers and manufacturers to get involved in the process.

3.4 Users as Designers

This model can be regarded as Do It Yourself (DIY). Through creative thinking and
practice to make functional items for themselves, users become designers and innova-
tors. According to Von Hippel’s studies, the user firms and individual customers develop
or modify products for their own use, and this ranges from 10 per cent to nearly 40 per
cent of the innovative ideas and products. “Users as designers are a combination of
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existing and customized participatory and empathic design methods that help to facilitate
the dialogue needed to illicit personal and contextual information that helps define the
user’s needs and wants” (Resink et al. 2011) (Fig. 6).

USER’S MODEL
DESIGN MODEL

USER (DESIGNER)

11

SYSTEM

Fig. 6. Users as designers

In this model, users are designers themselves and their creativity often leads to
personalized products for themselves in daily use. Because of the lack of expertise and
skills, it is rare for users to make the products standardised and then mass-produced.

4 Challenges of User Involvement

User involvements in design are facing three challenges: users’ conventions, different
cultures and contexts, and company’s constrains. Firstly, users’ conventions or natural
mappings lead users to get an immediate understanding of the relationship between any
two kinds of things. Some of them are cultural or biological, and some of them follow
the principles of perception. This requires designers to fully recognise what the natural
mappings are, and how to apply them correctly.

Secondly, the differences between various cultures result in consumers’ different
knowledge, experiences, tastes and habits. These differences result in various contexts
of use/consumption, which challenge designers when involving the user. Designers
might get lost and make mistakes if they fail to choose appropriate methods to understand
the users.

Thirdly, user research can be constrained and delayed whether in Small to Medium-
sized Enterprises (SMEs) or big companies, because of the limited resources (financial
or time pressures).

Several methods have been developed to deal with the challenges, e.g. the Methods
Lab (Aldersey-Williams et al. 1999) aims to help designers and other stakeholders to
weigh and choose the proper and efficient design methods in design practice or research;
The Make Tools (Sanders 2002), regarded as a ‘design language’ not only for designers,
but also for users, are ‘built upon an aesthetics of experience rather than an aesthetics
of form... and there are many different types of Toolkits that facilitate the expression
of a wide range of artefacts and/or models’. The IDEO Human-Centred Design Toolkit
provides methods for each HCD phase (i.e. to hear, to create and to deliver), guidance
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for role-playing workshops, storytelling sessions, scenario building, and prototyping; it
gives voice to communities and allows their desires to guide the creation and imple-
mentation of solutions.

Various challenges and methods in user involvement require designers’ wide range
of abilities, knowledge and experiences. Designers, as Henry Dreyfuss once said, ‘must
be part engineer, part businessman, part salesman, part public-relations man, artist, and
almost, it seems at times, Indian chief’” (Dreyfuss 2003, p. 24).

5 Discussions and Conclusions

User studies in design can be categorised into four models of user involvement:

Model (1): Designers representing users

Model (2): Designers consulting users

Model (3): Users participating in the design process
Model (4): Users as designers

In Models (1), (2) and (3), designers with participating users are usually the first
batch of ‘users’ from early concepts to final products. The roles that designers and users
play in these three models are distinguishable, but not rigorously distinct. For example,
Model (1) is often mixed with Models (2) and (3). When designers do not have the direct
experiences and knowledge that the specific users have, e.g. people with disabilities, the
Models (2) and (3) will be adopted. Model (4) is less discussed in existing design liter-
ature, but more and more emerging design practice adopts this model.

The four models of user involvement show different relations of designers, users and
systems. They will help designers and researchers understand user involvement in a
more structured manner, thus making the application of the theory and practice much
easier.
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Abstract. This paper presents the main results of a national survey on active
aging, with a sample of 900 Italians between 65 and 74 years of age. The
research attempted to understand the role of ICT in the daily life of the elderly,
in the attempt to answer the following questions: (1) What are the differences
between the connected and not connected elderly? (2) What are the perceived
risks and opportunities identified by older ICT users? This paper investigates the
complex relationship between the elderly and technology, going beyond both
deterministic approaches and optimistic analyses of the use (and non-use) of the
Internet among elderly Italians.
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1 Introduction

Despite a growing academic debate on the relationship between young people and risks
(and opportunities) of the Internet [1], the issue of the risks of the Internet for adults
seem to have much less resonance echo in scientific debate and public opinion. If the
adoption of information and communications technology (ICT) by the elderly is a
well-established field of study [2, 3], the literature has mostly focused on the role of
digital technology in providing social and cultural resources for active aging and in
improving older people’s quality of life [4]. It is however crucial to highlight the need,
especially when discussing policies aimed to promote active aging, to carefully con-
sider the complex nature of media and ICT, both in terms of opportunities and in
potentially perceived risks for the elderly.

The research aimed to understand the role of ICT in the daily life of the elderly, in
the attempt to answer the following questions:

(1) What are the differences between the connected and not connected elderly?
(2) What are the perceived risks and opportunities identified by older ICT users?

This article discusses the results of a survey conducted in the fall of 2013 (as part of
a larger national research project regarding active aging) that reached a sample of 900
Italians between the ages of 65 and 74 years old.
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2 The Internet: Opportunities and (Perceived) Risks

2.1 The Internet: Risks and Inequalities

The debate around risks and opportunities of the Internet is as old as the Web itself and
has been based on the value (or detriment) given to the role of computers and ICT in
enhancing or inhibiting communication and social relationships. In particular, since the
90s, forms of mediated communication in daily life [5] have become an increasing
object of study. Later on a deterministic approach (the Internet as a tool to break down
barriers of space and time, or to threaten the social order) was applied at the beginning
of Internet Studies, [6] Internet research has been focused not on “what” happens in the
Internet, but on “how” social actors incorporate the Internet into everyday life [7]. Such
research has been gradually distancing itself from more pessimistic approaches, dis-
cussing the risks that particular groups of users experience (such as children and young
people [8]) but also emphasizing, on the contrary, the risks arising from non-use of ICT
and the risk of isolation (social, cultural, economic) affecting people who are unable to
use the computer and to connect to the Internet. From the 90s onward, several studies
have investigated the effects of unequal distribution of digital devices on the population
[9]. If the literature of the late 90s was strongly influenced by the idea that ICT would,
by itself, be able to enhance economic and social progress, and it was therefore nec-
essary to spread the technology [10], following research on the digital divide has
strongly criticized the technological determinism of previous studies, especially the
excessive emphasis given to physical access (for example the presence of connection
and ICT [11]). The digital divide is not a matter of owning technological devices, but
rather of skills people require using technology as a socially and culturally significant
practice. The lack of access to ICT and digital skills is a likely source of personal and
social inequality [12]. If inequalities of material access to technologies are going to be
overcome in developed countries, the gap in terms of skills is destined to grow [12].
Both public and private bodies are involved at different levels in developing policies
and interventions that promote the expansion of digital skills. They belief that edu-
cational and civic resources require owning devices and using media skills.

2.2 Internet and Risks

As aforementioned, concerns in the scientific literature related to the non-use of the
Internet and ICT have in recent years exceeded the dystopic position related to the
negative (social and individual) effects in the use of the web. Overcoming the critical
view towards Internet access and usage is however a break in the debate related to
Internet use among young people and children. Reasons for the continual increase in
attention to risks related to Internet use among children are different. On the one hand
there is increasing attention on the educational responsibility of adults (teachers,
trainers, but also scholars, politicians, professionals) towards young people. On the
other hand the debate on the role of ICT in the daily life of young people is taken into
account by the media. For the media, the Internet is a place full of interesting stories but
also of concerns [13]. Taking into account these issues and the role that the Internet
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plays in society, in the last 20 years a wide range of research has identified the balance
between risks and opportunities related to ICT use by children and young people; and
ICT’s role not only in their education, but also in their free time. High expectations for
the role of the Internet in the lives of young people and children are accompanied by
strong concerns about exposure to harmful and unsuitable content.

Livingstone et al. [1] identified the main factors affecting the, negative and positive,
online browsing experience, of young people. In particular:

— The more children use the Internet, the more their digital skills and “range of
opportunities” grow.

— Not all uses of the Internet have benefits: benefits depend on age, gender,
socio-economic status and help from relatives.

— Use, skills and opportunities are also linked to online risks: the more opportunities
and skills, the more risks: the growing use of the Internet implies increased efforts to
prevent children from these risks.

— Not all risks end up hurting: the possibility that children get hurt because of their
online experiences depend on their age, gender and socio-economic status, and also
by their resources and resilience in dealing with the Internet.

Going beyond a broader critical analysis of the role of the Internet in today’s
society [14], the risks associated with the use of the Internet by adults seem to be
particularly focused on two fields of analysis:

— The role of Internet users as “consumers” rather than “individuals”: personal data
theft, fraud, phishing, viruses, worms, spyware, and spam represent, according to
public opinion, the major risks associated with the Internet.

— The psychological and psychiatric disorders associated with the use of the Internet:
for adults, risks associated with the Internet mainly revolve around the under-
standing of those psychopathologies related to excessive Internet use. In particular,
certain scholars have regarded the Internet as a major cause of increased sexual
disorders [15], aggression [16], and addictions [17]. This strongly alarmist literature
- with similarities to dystopian reflections on the role of the Internet in the 90s — has
been represented by the media in order to reward an “eccentric” use of the Web
[18]. But beyond the alarmist approach, it seems to be lacking, in both academic
debate and public opinion, a broader reflection on the risks and opportunities of the
Internet for adults and the elderly.

3 The Elderly, ICT, and Active Aging

As the western population continues to age, media and communication technology seem
to be increasingly important for the elderly, thanks to those services and devices that
would help people age actively [19]: the role media and communication technology play
in improving the quality of life [20], health and health care [21] of the elderly is a key issue
both politically and academically speaking. Political institutions have regarded digital
technology as a way to avoid a new kind of divide among the elderly, hence promoting
policies designed to build technological literacy among the elderly — and/or setting policy
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plans to increase digital ICT adoption among older groups. Policy discourse has mainly
focused on ICT use as a tool to assist with physical or cognitive (or relational) deficiencies
of the elderly. In some cases these policies are often quite optimistic: ICT would (de-
terministically) compensate for physical and cognitive disability, diseases and loneliness
typically related to older age [22]. Policy discourse on ‘e-inclusion’ and ‘digital inclu-
sion’ have been characterized by a belief that today’s ICT can improve the lives and life
chances of disadvantaged groups [23]. Concerning policies about digital inclusion of
older people, the risk is to use, in some way, rhetoric and (digital) myths which can be
seen to echo the first period of policies to address or reduce or narrow the digital divide:
the digital divide was simply a problem of diffusion of technologies and skills and not an
element to frame in the context of social, cultural, personal inequalities [24]. Within the
broader discussion about the digital divide and digital competences, after years of
technological determinism, the multi-dimensional approach is now well established: it is
not possible to identify a single element determining the digital divide, but rather a
“constellation of differences” [24] (social, cultural, personal) influencing the use of
technology. This multi-layered approach does not yet seem to be fully applied in terms of
research and reflection on the relationship between ICT and the elderly: age seems to
represent, for many theoretical approaches, a key element to explain the aforementioned
gaps and to determine the use of ICT by the young elderly (65-74 y/o). Age is regarded as
such a crucial element in making laggards of the elderly when compared to younger
digital users [19]. The issue of risks is an additional element demonstrating a dangerous
simplification in the academic debate about the role between ICT and the elderly. The
complex relationship between ICT and risks/benefits for users appears to be marginalized
in the study reflection of silver users. ICT is often meant to be used as a deterministic tool,
positively impacting the lives of the elderly. There are in fact limited and outdated studies
that seek to investigate the impact of ICT use on the daily lives of the elderly, assuming
that the use of ICT for the elderly has positive effects in terms of well-being [22].

4 The Italian Digital Elderly

4.1 Methods

This article presents data from a survey with a sample of Italians between the ages of 65
and 74 years old representative of the Italian population. The questionnaires were
collected via face-to-face domestic interviews between December 2013 and January
2014. The participants were selected according to a random, proportional and stratified
division defined by region and by city size and population. 1,600 names were extracted
from an electoral list of 90 municipalities, using a systematic method. There were 900
respondents. Error sample: 3 %. Confidence error: 0.05 %, 56 % response rate.

4.2 What are the Differences Between the Connected and not Connected
Elderly?

Possession and use of digital media involve only part of the sample, since only 21.3 %
of the participants possess or use a computer, laptop and/or desktop. This is even more
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interesting when looking at age subgroups (distinguishing between participants
between 65-69 and 70-74 years of age) and gender. The subgroup between 65—69
years of age has greater access to information technology (use of PC and Internet
access) than the subgroup between the ages of 70 and 74. Additionally, men of both
age groups use PCs and go online more than women.

Another interesting result is that 45 % of the elderly who today use a computer
started using it before turning 50, 28.2 % between 50 and 59, 19.1 % between 60 and
64 years old. Only 9.1 % of users are “late” ICT users (who started using the computer
after 64 y/o, in their senior years and during retirement), with a difference between
males and females: new users are mostly elderly women, with 12.8 % of females, as
opposed to 6.8 % of males that started to use the computer after 2005.

These data show that elderly digital users already have a history of Internet use: they
are not “natives” to the digital world, but rather long-time immigrants, who are nearing
the evolution of ICT with their own skills, approaches, and resistance, which are
influenced by their history as digital users. Conversely, in our sample, new elderly users
are rare, with an interesting proportion of women who are only beginning to approach
ICT in recent years, if not months. There is also an interesting significant inverse cor-
relation between first use of personal computers and different income levels (r = —.31,
p < .01). People who have recently started using ICT might have a lower income than
users who have used the Internet for several years: this is a possible signal, in our
perspective, of a progressive diffusion of ICT among the elderly with lower incomes. As
for the frequency of use, 71 % of the elderly who access the Internet do so almost every
day. In other words, the majority of elderly people who have access to the Internet are
heavy users. Participants with lower income, (Chi-square = 156.87, p < .01), lower
education (Chi-square = 268.01, p < .01), and not working (Chi-square = 28.88,
p = <.01) reported lower (or no) use of the PC and the Internet (see Table 1).

Table 1. PC and Internet use by age and gender

65-69 y/o | 70-74 y/o | Male | Female | Total
Laptop user 114 43 94 64 158

24 % 10,2 % 22,6 % | 13,3 % | 17,6 %
Laptop not users | 361 379 322 417 739

76 % 89,8 % 774 % | 86,7 % | 82,4 %
Desktop user 96 54 96 54 150

20,3 % 12,8 % 23,1 % | 11,3 % | 16,7 %
Desktop not users | 337 369 320 426 746

79,7 % 87.2 % 76,9 % | 88,8 % | 83,3 %
Internet use 113 48 101 61 162

23,9 % 114 % 24,3 % | 12,7 % | 18 %
Internet not users | 359 374 314 419 733

76,1 % 88,2 % 75,7 % | 87,3 % | 81,9 %

BASE: Elderly Italians aged between 65 and 74 years of age.
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Table 2. PC and Internet use related to employment status, degree and income.

Use Employment Education Income
status
No Job | Working | Primary | Secondary | Tertiary | Low Lowermid | Lowerhigh | High
None | 487 52 392 245 18 118 361 87 22
729 % |48.1 % |93.1 % | 63.6 % 19.8 % | 93.7 % | 81.7 % 53.7 % 34.4 %
Limited | 53 16 11 50 9 2 36 9 6
79% |148% (26 % |13 % 99% |16% |8.1% 5.6 % 9.4 %
High 128 40 18 90 64 6 45 66 36
192 % | 37 % 43 % |234 % 703 % (48 % |10.2 % 40.7 % 56.3 %
Total | 668 108 421 385 91 126 442 162 64
100 % | 100 % | 100 % | 100 % 100 % | 100 % | 100 % 100 % 100 %

The data show that the Internet appears to be linked to existing social resources.
Specifically, the larger the family, the more participants use the Internet, although the
difference in proportion is only marginally significant (Chi-square = 7.79, p = .10). It
follows that the elderly who live by themselves are less connected to the Internet
(Table 2).

Moreover, the digitized elderly, as compared to the not digitized elderly, are gen-
erally characterized by a greater curiosity, higher interest and significant investment in
family and social relations. The elderly who attend at least one association have a higher
use of the Internet (31.7 %) compared to those not attending any association (12.2 %). In
addition, older digitized people generally attribute more importance to “values” (apart
from “Religion”, to which the participants who are not connected to the Internet show
more attachment), in all aspects of private and social life (Tables 3 and 4).

Table 3. PC and Internet use related to family members

PC and Internet use | Alone |2 members | 3 or more members | Total
None 128 332 198 658
81.5 % |72.5 % 69.7 % 73.2 %
Limited 9 38 23 70
57 % |83 % 8.1 % 7.8 %
High 20 88 63 171
12.7 % | 19.2 % 22.2 % 19 %
Total 157 458 284 899
100 % | 100 % 100 % 100 %

Focusing more on physical, mental, and social well-being of the digital elderly, the
following table (Table 5) shows the differences in distribution measuring quality of life
(i.e. physical activity, friendship networks, perceived age, index of personal
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Table 4. Importance given to values® among PC users and non-users (Descriptive statistics and

ANOVA)

Value PCuse N |[Mean|SD |SE |F p-value
Work None |6533.54 | .74|.03|831| .06
High |172|3.66 | .64|.05
Family None |657|3.92 | .30|.01|8.88| .15
High [172(3.95 | 21|.02
Friendship | None |657|3.08 | .69|.032.72 <.01
High |172|3.26 | .66 .05
Free time |None |654(2.86 | .73|/.03/6.19| .01
High [170(3.02 | .67|.05
Politics None |654|1.96 | .90|.04|3.48 <.01
High |[170|2.50 | .92|.07
Religion |None |657[3.10 | .89|.04|/9.97|<.01
High |169(2.89 |1.01|.08

“The perceived importance given to values was measured
with a Likert scale where 4 was “very important” and 1 “not
important at all”.

Table 5. Chi-square coefficients and p-values measuring quality of life and use of ICT-

Technological equipment®

Physical activity 93.35

(p < .0D)
Friendship network |52.37

(p<.01)
Perceived age 18.9

(p < .01)

Personal satisfaction | 21.82

(p < .01)

PC and Internet Use | Use of SNS
102.72 56.98

(p <.01) (p <.01)
51.72 23.77

(p <.0D) (p <.0D)
20.1 13.02
(p<.0D (p < .05
17.9 3.70

(p =.05) (p=.16)

“The index is composed of the processing answers regarding personal possession and
use of ICTs (Laptop or Netbook, Desktop computer, tablet, eBook reader, Video
Games, Smartphone, WiFi, MP3 player).

satisfaction) and the use of ICT'. Chi-square tests show that participants who use new
technologies and the Internet the most are also the ones who show higher indicators of

well-being.

! For a wider overview of these data and index see [22].
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4.3 What are the Perceived Risks and Opportunities Identified by Older
ICT Users?

This survey aimed at investigating opportunities and risks perceived by the digital
elderly in regard to their use of ICT. A first level of analysis concerns the perception of
(positive and negative) changes introduced by the Internet and the related opportunities
and risks. (Table 6)

Table 6. Perception of changes introduced by Internet use (ordered by frequency)

Since I use the Internet: % Yes
I am more informed about current issues 63,7
I can learn more about my interests and passions 60,7
I can deepen my knowledge about my health and well-being 40,3
I stay more in touch with my friends and relatives 36,3
I feel more active than my peers without the Internet 31,6
I can get updated about diseases 29,9
I watch less TV 24.8
I am afraid to make mistakes 22,0
I fear that my data might fall into the hands of the wrong people | 21,8
I have new topics to chat about with my children/friends 21,0
I’'m not confident of the reliability of sources on the Internet 18,7
I have new interests, thanks to the Internet 18,0
I feel less alone 13,7
I waste a lot of time on the computer 13,5
I save money buying online 13,4
I meet up with old friends online 13,4
I came across offensive and inappropriate content 12,9
I feel more active in my local community 12,5
I feel more active in my country’s political process 9,4
I am more deskbound 8,5
I spend more time at home 8,0
I get in touch online with new and interesting people 5,7
I am overwhelmed by information 53
Through SNSs I can freely express my point of view 4,1
Through SNSs I more often express my feelings and memories 3.0
I spend less time with my loved ones 2,2
I have met someone in-person that I previously met online 1.4
I feel judged by the things that I write on SNSs 1,2

Two-thirds of elderly users in our sample felt that the Internet has caused positive
changes in their knowledge (information on current topics —63.7 %, and personal
interests —60.7 %), while about one-third noted positive changes in the sphere of
relationships (staying in touch with friends and relatives —36.3 %) and a comparative
perception about being active (feeling more active than peers without the Internet
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—31.6 %). For a large number of the elderly, the Internet is a source of knowledge for
their own health and well-being (40.3 %) and for the treatment of their diseases
(29.9 %). There is also a perceived change in the management of time: about 25 %
perceived a decrease in the time spent watching television, while 13.5 % say they
spend too much time on the computer and about 8 % feel they are more deskbound
and/or spend more time at home; 2.2 % of respondents declare spending less time with
their loved ones. Although the use of the Internet is generally accompanied by a
perception of increased activity and socialization, online and offline participation
remains a decidedly minor practice (from 12.5 % of those who feel “more active in
their local community” to 4.1 % of those who more freely express their views on
SNSs). Among the most common fears associated with Internet use appear to be
making mistakes (22 %), having their privacy violated (21, 8 %), or not knowing how
to assess the reliability of online sources (18, 7 %). A secondary concerns are those
most related to perceived opportunities and risks. Experience has an important role in
making the elderly more or less confident Internet users: those who started to use
computers later are more afraid of making mistakes. The higher the age of first-time use
of a computer and the Internet, the more difficult ICT seems to be. Conversely the more
experienced (those who started earlier than others), having overcome any technical
concerns, are more concerned about offensive content (offensive words, images,
videos). As for the concerns related to “wasted time,” those who spend more time on
the Internet have a higher perception of the risks involved in terms of “misspent time”.
The increased frequency of use increases, reflexively, the perception of excessive
Internet and computer use. In general, increased Internet use involves an increasing
general concern: the higher the frequency of use, the greater the perception of online
risks” (small correlation: r = .18, p < .01). What is clear is that the frequency of use not
only correlates to increased risk perception, but also greater awareness of the oppor-
tunities® (small to medium correlation: r = .29, p < .00) also in terms of sociability®
(medium correlation: r = .31, p < .00). There is a stronger correlation when looking at
the average of online activities: the greater number of activities carried out, the greater

The risk index is a scaled item that combines responses to the following 9 questions (1 = yes;
0 = no): “Since I have been using the Internet” I am afraid to make mistakes, I fear that my data
could fall into the hands of the wrong people, I waste a lot of time on the computer, I came across
offensive and inappropriate content, I am more deskbound, I spend too much time at home, I am
overwhelmed by too much information, I spend less time with my loved ones, I feel judged by the
things that I write on SNSs.

The opportunity index is a scaled item that combines responses to the following 9 questions
(1 = yes; 0 = no): “Since I have been using the Internet”: I am more informed about current issues, 1
can learn more about my interest and passions, I feel more active, I watch less television, I have new
interests thanks to the Internet, I feel less alone, I save money by buying online, I feel more active in
my local community, I feel more active in my country’s political process.

w

I

The sociability index is a scaled item that combines responses to the following 7 questions (1 = yes;
0 = no): “Since I have been using the Internet”: I stay more in touch with my friends and family, I
have new topics to chat about with my children/friends, I have met someone in-person that I
previously met online, I get in touch online with new and interesting people, Through SNSs I can
freely express my point of view, Through SNSs I more often express my feelings and memories.
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the perceived risk (medium to large correlation: r = .40, p < .00), opportunities (large
correlation: r = .63, p < .00) and sociability (large correlation: r = .64, p < .00).

5 Conclusion

The analysis attempts to investigate the main features of the Italian digital elderly and
their perception of the risks and opportunities related to the use of ICTs. The results of
the survey allow us the opportunity to answer the following research questions:

(1) What are the differences between the connected and not connected elderly?

Digitized elderly people are a minority of the Italian population between the ages of 65
and 74, with good economic standing and secure employment, higher cultural sensitivity,
strong family and social bonds and better physical health than non-digitized citizens. Men
are more digitized than women, and the 65-69 year old sub-cohort is more connected than
the 70-74 year old sub-cohort. These data confirm a “classical” dynamic of the digital
divide influenced by socio-economic dimensions [24] in which economic, social and
cultural capital give rise to processes of digital inclusion-exclusion. Above all, the data
indicate that possession and use of ICT is accompanied by a better socio-economic
condition, better physical activity, a larger network of friends, a lower perception of being
old, a general personal satisfaction, as well as interests and self-confidence. The Italian
digital elderly belong mainly to the wealthy minority over 65 years of age, with typical
characteristic traits as innovators and early adopters [26]: high social and economical
status.

(2) Which are risks and opportunities perceived by older ICT users?

One clearly emerging piece of data is a general perception by the elderly that ICT has
primarily brought a feel of more positive than negative changes into their lives. Risk
awareness is however not absent: the perception and the different nature of the risks are
not divided evenly in the sample. In particular, in line with results of research on the
relationship between children and ICTs [8], there is a positive correlation between the
use and the perceived level of risk: the more ICT is used the more risks but also
opportunities are perceived. Additionally, with more use the risk perceptions change: if
“new” digital users are particularly afraid of making technical mistakes, more expe-
rienced digital users are more concerned with increasingly complex risks, such as
exposure to offensive content, data theft, or wasted time on the Internet.

The results presented provide a starting point on two reflections. First of all, results
show that among the elderly, the perception of risks tends to be even higher than the
initial enthusiasm towards ICT and the essential role given in their daily lives. Nev-
ertheless, the issue of risks has been widely underestimated by both academic obser-
vation and public policies, hence the need to discuss the skills needed for a proper and
safe use of ICT. As more access to the Internet spreads, greater importance has to be
given to the kind of skills and awareness that the elderly need to acquire in terms of
taking advantage of information and participation. These skills depend on their social,
economic and cultural resources. With the diffusion of ICT among the “late majority”
of older Italians [26], future waves of less “exclusive” (in terms economic, cultural,
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social resources) elderly users are likely to have less opportunities to take full
advantage of the use of ICT. New issues will not be related to elderly peoples pro-
curement of ICTs, but rather the actual technical skills and also critical skills in the
selection of information, management of relationships and of new opportunities for
active aging.

A second issue regards everyday contexts of use of the ICTs and current policy
initiatives to promote active aging: studies on aging, digital inclusion, and risks require
reflections that go beyond the benefits of ICT to recognize the importance of the
ramifications of the technologies in adoption of contexts at the micro level and for
different individuals, and groups. The processes of (digital) inclusion should aim to
promote social inclusion and an individual’s quality of life, not just the spread of ICT,
which in some cases, may be paradoxically counterproductive. If it is true that children
who have serious problems in their offline life are also likely to meet the same problems
online [28], could the adoption of immersive and personal technologies increase
loneliness and isolation of the elders or be an opportunity to overcome these problems?
To better understand the processes of aging in the coming decades, politics and aca-
demic research are responsible for answering this question in the short term.
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Abstract. Using information and communication technologies (ICTs) can
improve older adults’ overall well-being and can be a catalyst for social inte-
gration and inclusion into society. While older adults are often compared to
other age cohorts, based on previous digital divide research, there may be a
significant amount of variation within older adult populations with regards to
their ICT experiences, attitudes, and uses. Our study seeks to explore the
potential gap by examining and comparing ICT uses, views, and experiences
among older adults from diverse racial/ethnic and socioeconomic backgrounds.
Four semi-structured focus groups (n = 40) were conducted with older adults
from two separate cities in Mid-Michigan in the United States: Greater Lansing
area and Detroit. Our findings reveal that older adults’ experiences, uses, and
perceptions about ICTs differ down racial and socio-economic lines. Our study
demonstrates that there are potential sub-divides within traditionally digitally
divided populations.

Keywords: Older adults - Digital divide - ICTs - Race * Socioeconomic status

1 Introduction

Using information and communication technologies (ICTs) can improve older adults’
overall well-being and can be a catalyst for social integration and inclusion into
society [1-5]. Despite the potential benefits afforded by ICTs, older adults (i.e., adults
age 65 and older) have the lowest computer ownership and Internet use among all age
cohorts [6]. Only 59 % of older adults report they use the Internet compared to 85 % of all
American adults age 18 to 64 years of age. [7]. Additionally, only 47 % of older adults in
the United States report access to broadband service [7]. The digital divide literature
traditionally focuses on the various gaps between those who do and do not have access to
the benefits of digital inclusion. These divides are tied to factors such as age, race, gender,
socioeconomic status, and population density [6, 8—10].

To categorize older adults’ ICT use by age, however, may be too simplistic a descriptor
for such a vast and diverse population. For instance, older racial/ethnic minorities report
using ICTs less and having less experience with ICTs than white older adults [11].
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J. Zhou and G. Salvendy (Eds.): ITAP 2016, Part I, LNCS 9754, pp. 167-177, 2016.
DOI: 10.1007/978-3-319-39943-0_16



168 S.R. Cotten et al.

Moreover, older adults’ attitudes toward and use of ICTs are driven by past experiences with
ICTs, which may be fundamentally different from both an inter-generational and
intra-generational perspective [11, 12]. In other words, while older adults are often com-
pared to other age cohorts, based on previous digital divide research, there may be a
significant amount of variation within older adult populations with regards to their ICT
experiences, attitudes, and uses. Our study seeks to explore the potential gap by examining
and comparing ICT uses, views, and experiences among older adults from diverse
racial/ethnic and socioeconomic backgrounds.

1.1 Diversity of ICT Usage Among Older Adults: Racial and SES
Differences

Previous research indicates that digital inequalities, such as the adoption of ICTs, may
replicate other social inequalities [14]. For instance, older adults with an annual
household income of $75,000 or more are nearly five-times more likely to own a tablet
than older adults with an annual household income lower than $30,000 [7]. Older
adults age 65 and older are also much less likely to have home broadband (43 %)
compared other age groups (18-29: 80 %; 30-49: 78 %; 50-64: 69 %) [14].

Moreover, racial differences regarding ICT use and adoption also receives limited
attention. Prior research indicates that racial digital divides continue to exist:
African-Americans (64 %) are less likely to have home broadband compared to White
individuals (74 %) [14]. African American (12 %) and Hispanic American (13 %)
adults are more likely to rely on their smartphones for Internet access, compared to
only 4 % of White smartphone owners [15]. Yet, some findings suggest that older
African American and White adults have similar rates of cellphone adoption [7].

Furthermore, African American adults are less likely to go online, for any purpose,
especially when they have not attended college. For example, when holding constant
socioeconomic status (SES), 45 % of African American seniors use the Internet com-
pared to 63 % of White adults [7]. Racial differences have been identified regarding
other types of ICT use as well: 19 % of White older adults and 12 % of African
American older adults use tablets; 19 % of White older adults, compared to 11 % of
African American older adults, use E-readers, such as a Kindle [7]. Despite these
descriptive differences, in-depth research exploring a more nuanced understanding of
racial and SES divides, related attitudes, experience, and ICT use is lacking.

1.2 TImportance of Digital Inclusion for Older Adults

ICT use yields various benefits for older adults’ well-being, by facilitating access to
social support networks, information to make life decisions, and promoting indepen-
dence [4, 11]. ICT use among older adults is linked to reduced feelings of isolation,
loneliness, and depression [1-5]. Older adults reporting such benefits from ICT use,
perceive ICTs to be positive for their personal relationships by increasing their feelings
of social connectedness to family and friends [2, 5]. Moreover, older adults use ICTs
for inclusion into modern social networks [1]. To this end, ICTs afford older adults the
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means to facilitate meaningful relationships with both their geographically close and
distant social ties. However, no research has examined how these benefits may vary
among racially and socioeconomically diverse older adults.

Older adults’ ICT use and the perceived benefits of ICT use are driven by expe-
rience [11, 12]. Perceived usefulness, enjoyment, social influence, confidence, and ease
of use are drivers of ICT use among older adults [1, 6]. Furthermore, self-efficacy and
experience with ICTs leads to lower levels of anxiety regarding ICT use [6, 11]. As
ICTs are such an integral part of social connectedness and well-being for older adults, it
is imperative to understand older adults’ experiences with ICT use and how those
experiences promote or detract from further adoption of ICT use across various
demographic lines. Almost no research has examined these processes among diverse
racial and socioeconomic groups of older adults. To facilitate a deeper understanding of
how racial and SES differences may affect older adults’ experiences with and use of
ICTs we pose the following question:

What are the ICT experiences among racially and socioeconomically diverse older
adults?

2 Methods

Four semi-structured focus groups (n = 40) were conducted with older adults from two
separate cities in Mid-Michigan in the United States: Greater Lansing area and Detroit.
U.S. Census Bureau [17] estimates indicate that approximately 9.7 % of Lansing
residents are 65 years of age and older and that 51.6 % are female. Nearly 24.7 % of
Lansing residents attained a Bachelor’s, master’s, professional, or doctorate degree. In
terms of race/ethnicity, 61.2 % of Lansing residents are white and 23.7 % are African
American and the median household income is $36,054. Census Bureau [17] estimates
indicate reveal that a slightly larger percent of Detroit residents are 65 years of age and
older (11.5 %) and 52.7 % are female. In contrast to Lansing residents, roughly 12.7 %
of Detroit residents attained a Bachelor’s, master’s, professional, or doctorate degree.
Moreover, 10.6 % of Detroit residents are white and 82.7 % are African American and
the median household income is $26,325.

The focus groups were held in November and December of 2015 and February of
2016. Participants were recruited using several different strategies. Participants from
the Greater Lansing area were recruited using the online SONA community pool,
which allows local residents to view opportunities to participate in research conducted
by Michigan State University graduate students and faculty. Participants from the
Metro-Detroit area were recruited by a coordinator from a prominent local senior
center. Each focus group had between 8 and 12 participants and lasted approximately
90-120 min. Participants were compensated $20 for their involvement in the focus
group.

During the semi-structured focus groups, participants were probed to discuss their
views, experiences, and use of information and communication technologies. Questions
assessed the types, frequencies, and participants’ motivation for using ICTs. Participants
were asked how they decide on what type of communication channel and device they
use to contact specific social ties (i.e., spouse, friends, children, grandchildren, etc.).
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Additionally, participants were encouraged to discuss how they feel ICT use impacts
their relationships with others, as well as the ways they feel ICT use is beneficial or
potentially harmful.

Prior to each focus group session, participants completed a questionnaire that
consisted of 15 total questions. Questions assessed sociodemographic characteristics,
ICT access and ownership, how often participants use ICTs to communicate with
various types of social ties (i.e., family members, close friends, and acquaintances), as
well as participants’ relationship satisfaction. The ICT use question used a 4-point
Likert scale response options.

2.1 Data Analysis and Procedure

During each focus group session, audio was recorded using smartphones & tablets,
while two of the focus groups were also recorded using a high definition 360 degree
video recording device. The audio from each session was transcribed by a third party
service. Additionally, research assistants were present in each session and recorded
detailed field notes. Upon completion of each focus group session the moderator and
research assistants participated in an informal debrief to discuss their observations and
potential themes. Field notes, audio and transcriptions were reviewed independently by
research assistants to identify themes (i.e., similarities and differences between sites in
how participants use and benefit from using ICTs), which were relevant to the focus of
this investigation. Data from the questionnaires was coded and entered into an SPSS
dataset. Descriptive analysis was used to compare participants from the two sites.

2.2 Results

Table 1 shows the demographic descriptive results of the focus groups. Demographic
characteristics for the two locations were divergent; however, the ages are relatively
similar. The mean age of Greater Lansing area participants was 70 years old, while the
mean age of Detroit participants was 73 years old. Both locations consisted of mostly
females (Lansing: 68 %, Detroit: 95 %). The racial composition of Greater Lansing
area participants was 84 % White, 11 % Hispanic, and 5 % African American, while
the racial composition of Detroit participants was 86 % African American and 14 %
identified as “other.”

A single item question was used to assess perceived economic hardship, which
contained three response choices— “more than enough financial resources to get by,”
“just enough financial resources to get by,” and “not enough financial resources to get
by.” As shown in Table 1, participants from the Greater Lansing area were more likely
to report having more than enough to get by than participants from Detroit. The
participants from Detroit perceived more economic hardship, with 45 % reporting that
they do not have enough financial resources to get by compared to only 11 % of those
from the Greater Lansing area.

The Greater Lansing area participants were also more likely to report being mar-
ried, while the majority of Detroit participants reported that they were divorced (42 %).
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Table 1. Demographics

Location Greater lansing area | Detroit
Age

Age range 65-76 62-88
Mean age 70 73
Gender

Male 32 % 5%
Female 68 % 95 %
Race

White 84 % 0%
Hispanic 11 % 0 %
African American 5 % 86 %
Other 0 % 14 %
Perceived Economic Hardship

More than enough 47 % 15 %
Just enough 42 % 40 %
Not enough 11 % 45 %
Education

Less than high school diploma| 0 % 10 %
High school graduate 0 % 19 %
Some college 47 % 28 %
College degree 32 % 19 %
Graduate school degree 21 % 24 %
Martial Status

Married 74 % 21 %
Single 0 % 11 %
Widowed 0 % 26 %
Divorced 26 % 42 %

Level of education was also more diverse in Detroit, with 29 % reporting a high school
degree or less, while all the Lansing participants reported having some college or more.

2.3 ICTs and Connectedness

As shown in Table 2, participants from both focus group locations reported using a
variety of ICTs to communicate with family, close friends & acquaintances. Descrip-
tive results suggest that, compared to the Detroit participants, a larger portion of
Greater Lansing area participants used mobile phones, Internet enabled laptops &
tablets, and desktop computers to communicate with others.

Meanwhile, a larger portion of Detroit participants reported using landline phones
to communicate with others (90 %), while only 53 % of the greater Lansing area
participants use landlines to communicate with others. Preferred ICT was one of a few
areas where results suggest differences among older adults from different racial and
SES backgrounds.
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Table 2. ICT Use characteristics

Location Greater lansing area | Detroit
Landline

Yes 58 % 86 %
No 42 % 10 %
Missing data - 4 %
Mobile phone

Yes 100 % 81 %
No 0 % 14 %
Missing data - 5%
Desktop computer

Yes 68 % 48 %
No 26 % 43 %
Missing data 6 % 9 %
Internet enabled laptop computer

Yes 74 % 43 %
No 21 % 38 %
Missing data 5% 19 %
Internet enabled tablet

Yes 79 % 33 %
No 21 % 57 %
Missing data - 10 %

2.4 ICT Experiences, Use, and Perceived Usefulness

An interesting divergent trend emerged between older adults from the two cities with
regards to ICT experience and perceived utility of ICT devices. Participants from the
Greater Lansing area tended to discuss a wide range of ICT device ownership and use.
Descriptive results suggest that in comparison to the Detroit participants, a larger
portion of the Greater Lansing area participants used mobile phones, Internet enabled
laptops & tablets, and desktop computers to communicate with others. Meanwhile, a
larger portion of Detroit participants reported using landline phones to communicate
with others (90 %), while only 53 % of Greater Lansing area participants used land-
lines to communicate with others. One Greater Lansing area participant stated:

I’'m from San Diego. We would’ve never made it to Michigan as efficiently as we did, without
our smartphones and the GPS because we would, we would find out the hotels, we’d find out
the best price, we could negotiate the room rates, we’d find a restaurant that we liked.

In addition to utility aspects of ICTs, other female Greater Lansing area participants
discussed how ICT & eBooks have impacted their leisure time:

I like my Kindle. I have never been a real big reader, and I’ve gotten hooked on my Kindle.
I love to read at night now, and I think I could get the same thing on my tablet though. So I
think I’m overlapping myself, but I really like just holding it, and I like the light, I can turn it on
when he’s sleeping and it doesn’t bother him.
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When the Greater Lansing area participants were prompted to discuss their favorite
ICT, one male participant stated:

Well, the GPS gets me to the spot that I had previously marked in that there as a waymark, and then
my fish-finder tell me whether or not I should be staying there or be moving on or whatever. So that
old trick about putting a big X on the bottom of the boat doesn’t work. [Laughter].

Another greater Lansing area participant stated other advantages of ICTs:

[My favorite ICT is] a pen on my iPad because I have the old technology and I would rather
write than type. And just keeping up in how you integrate the new with the old.

Conversely, participants in both of the Detroit focus groups unanimously claimed
that their favorite ICT is their landline phone, while only a couple of participants in
each group maintained that their cellphone was their favorite device. Although a few
participants in both Detroit sessions indicated that the cellphone was their preferred
ICT, most replied that their favorite ICT in general and their favorite ICT used to
communicate with others was:

Landline! I love my Landline! Landline!
When probed for why landlines are their favorite ICT, one respondent stated:

You don’t have to worry about charging it. You don’t have to worry about dropping a call.
Landlines are more convenient.

The landline does not cut you off. The landline does not travel, no signals. The landline doesn’t
go through all of that.

...But the point is with the landline, you don’t have to worry about charging it unless you’ve
got a cordless phone. We had a three day black out or two and a half day black out. The towers
was down you couldn’t use this [cellphone]. But you could use the landline as long as it didn’t
need to be charged. And sometimes you don’t feel like getting tied up with trying to learn the
technology cause it’s time consuming like she was saying, ... she trying to figure out how do I
text, how do I communicate with this thing. And the benefits too with this new technology; you
can reach so many people. But like I said it’s pros and cons.

...you don’t have to charge the landline. It’s on, the phone automatically, you can put a voice
message on it and it’ll record the message. If you’re busy or something, you don’t have to get the
phone call. Each, all these different things you have to charge ’em and make sure they’re running.

These quotes illustrate the myriad reasons why older adults from Detroit relied
upon the landline phone.

Other Detroit participants, though fewer in number, felt that cellphones offered
them similar benefits regarding convenience:

Convenience too for me, its convenience. You know you don’t have to be tied at home to
receive confirmation that you need. I do like the text feature when somebody needs to give you
an address or something. I just tell them to go ahead and text me the address. It is very
convenient.

I agree with everybody but it has this pros and cons. The reason I like the cellphone is for
convenience because you can pick it up wherever you at, as long as it’s charged...

I'was very happy to have my cellphone because I’m able to do business and check with the doctors,
and the doctors call you, and you got to call them and everything. And we can have conference
calls and take care of business even when I’m out in the street, and that type of thing so... But 1
don’t... Alot of people that know me they will say “You didn’t answer you phone when I called.”
And I say, “I’m not a slave to my phone.”

And I said, “That’s why I have voice mail.”
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When detailing their salient experiences with ICTs, one Greater Lansing partici-
pants discussed memories and experiences related to recreational activities and travel.
One Greater Lansing participant stated:

I was afraid to drive in a big city. I was afraid of certain streets. I never could figure out when
my turn was coming up, and I’m a good driver in general. I never had an accident. I'm a good
driver, but certain things really come unglued, repeatedly, and now that I have a GPS, I call her
Evelina, [laughter] I stick her on my dashboard, and she keeps me up to speed on traffic and
doing all the right turns. And limit my ETA. I text my husband, my ETA. It’s totally given me
freedom. I’'m not afraid to drive at night anymore.

Another Greater Lansing participant added:

I do a lot of Walleye fishing, so I can find the shoals where the forage is and so forth, and we
know that’s a hotspot, so we’ll waymark it. A couple years ago we went out on the ice in the
UP, we went out about two and a half miles and a little baby knock, the ice is like 3—4 feet thick.
I mean, I had no idea where we’re at. And then you take your ice fi... Or fishfinders, down on
the ice and there they are.

Other Greater Lansing participants described experiences with ICTs that enabled
them to connect with family. One Greater Lansing participant said:

When I Skype with my grandson, I can at least see him. Because I think there is more of a...
[Again], you don’t misread what the communication is, because you can see them versus
texting or emailing. So that, to me, is helpful to feel connected because my kids live out of state.
So that has helped to feel connected.

Greater Lansing focus group participants recognized the amplifications provided to
them through the use of ICTs, whether these involved helping them navigate roads or
their lives, or communicate in more realistic modes given the two-way visual com-
munication made possible through Skype, Facetime, and other ICTs. Participants from
Detroit, on the other hand, spoke of ICT experiences involving anxiety and concerns.
One Detroit participant recalled an experience involving learning how use ICTs for
work:

On the job we have to keep up with today’s times. And I didn’t know anything but I wanted this
job. I needed this job, so I went to school for it. I didn’t know how to turn on the computer. It
was very scary cause it was just something strange out of this world, a monster standing here I
have to tackle. And I'm like well I have to learn this. So I was very fearful, and I was very
timid. But once I got the hang of it, you can constantly apply it and keep on applying it to newer
and later technology out there. But it was very fearful and I was so bad, when I graduated, the
whole class gave me a standing ovation.

Other Detroit participants discussed specific concerns to information security with
regard to ICTs and online banking. One Detroit participant stated:

I listen to what they’re saying about how they can steal all of your information. Therefore, 1
don’t do it online. You know what I do it for? I do it through my checking account. I do the
E-F-T, transfer. That’s how they get my money out of my checking account. End of the month
my check come, everything’s covered. To me, that’s better.
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Another Detroit participant followed and stated:

And what I do is, I have a separate account for paying bills, and I had all of my bills come out of
one account. Now, if they steal out of that one, some of those checks are gonna bounce. My
savings and stuff, I don’t have that information online.

Other Detroit participants cited negative experiences with upgrading ICTs and
concerns of cost as salient experiences that had affected their attitudes toward ICTs.
One Detroit participant stated:

Upgrading. Every time you turn around, you can’t hardly get a phone without it being obsolete,
and there’s nothing wrong with the phone. I mean it works perfectly. It does... A smartphone
does most of the stuff, might have some more features but you feel you’re always compelled to
upgrade and spend more money unnecessarily.

Another Detroit participant echoed the previous sentiment and said:

And initially when stuff comes out the prices... And the one thing I really hate is that the
retailers are just so driven by that almighty dollar. That they... They’re always up.

To summarize, participants in the Detroit and Greater Lansing focus groups had
distinct perspectives, uses, and experiences regarding ICTs. Participants from the
Greater Lansing focus group reported a wider variety of ICTs used than the Detroit
participants. Detroit participants reported landlines and mobile phones as their primary
ICTs of choice due to perceived convenience and reliability. The participants from
Greater Lansing experienced less economic hardship, were more educated, and they
reported a wider variety of uses of ICTs for maintaining and amplifying aspects of their
lives. Further implications of these results are discussed presently.

3 Discussion

Our results show that older adults’ experiences, uses, and perceptions about ICTs differ
down racial and socio-economic lines. The digital divide was originally conceptualized
as the unequal distribution of ICT hardware [18, 9]. However, over the course of the
past decade this conceptualization of the digital divide as one simple hardware based
divide has shifted to include a series of more complex divides. In particular, it has been
posited that there are four distinct access gaps, which can have an influence on an
individual’s likelihood to use and benefit from ICTs: material access gap, mental access
gap, usage access gap, and skills access gap [9]. Our findings echo earlier digital divide
research suggesting that older adults’ ICT use and perceptions may be driven by past
experience [11, 12]. Furthermore, our findings show that older adults appear to find
themselves differently divided based on various demographic factors.

While the digital divide has been closing for certain populations (i.e., women) [9],
our findings indicate and confirm that the differential impacts of the digital divide
remains [17, 18], particularly for older adults. To elaborate, the Detroit based older
adults reported very different experiences and attitudes towards ICT compared to the
more affluent East Lansing group. The experiences and circumstances of the Detroit
group may have prompted a shift from simply being “information have-nots” to
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becoming “information want-nots” [9]. In order to truly understand this traditionally
digitally divided population, we must first begin to understand the digital differences, or
sub-divides, that exist within older adults.

Our findings suggest that more disposable income may promote greater opportunity
to use a wider variety of ICTs and experience various benefits associated with ICT use.
The predominantly White and higher SES of older adults from the Greater Lansing area
reported using ICTs to facilitate a wider variety of activities that lend themselves to
positive experiences with ICTs (i.e., Travel, Skyping with family, recreational excur-
sions). The predominantly African American and lower SES older adults from Detroit
appear to be driven in their ICT use by more negative experiences or fear of techno-
logical failure. Such experiences may promote a strong loyalty to older ICTs such as
landlines and simpler mobile phones and may serve as barriers to adoption of a wider
variety of ICTs. In essence, for individuals from lower SES groups, the perceived
unreliability of certain ICTs may have an inverse relationship with their motivations
and financial ability to adopt and use ICTs.

4 Conclusion and Limitations

Previous digital divide research demonstrates that the likelihood of ICT access is
affected by various demographic factors such as age, race, and SES. Later digital divide
literature expands to include a number of divides, rather than just access to ICTs. Our
study demonstrates that there are potential sub-divides within traditionally digitally
divided populations. In other words, factors such as race and SES, can compound to
result in different levels of ICT experience, uses, and attitudes. While older adults are
the age group with the lowest level of ICT adoption, there are stratified layers of access
and use within this large and diverse group. The results indicate there is a great deal of
experiential variation within this generation, which could be just as important as
intergenerational differences.

One potential limitation of our study is that we focused specifically on older adults
from suburban and urban locations. Furthermore, all participants currently reside in
Michigan. Future research should consider older adults from more rural locations and
from various regions throughout the United States in order to improve generalizability
of the results.

Despite some potential limitations, our research indicates that in order to effectively
promote older adults’ digital inclusion researchers must first develop an understanding
of the digital sub-divides that exist within the population of older adults. Moving
forward, it is important to realize that older adults comprise a vast and varied population,
which has a great diversity of ICT uses, experiences, and attitudes. Differences in older
adults’ ICT uses, experiences, and attitudes should be accounted for when attempting to
design interventions or create policies that affect this particular population.
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Abstract. In the United States and in many other countries, family members
represent the primary source of support for older adults with a chronic disease or
disability. While caregiving is associated with positive outcomes such as personal
growth or the sense of helping someone in need, evidence has shown that caring
for a relative/friend with an illness or disability causes distress in family care-
givers and compromises their health and survival. Thus, there have been many
intervention programs designed to aid family caregivers and many of these
programs have proven beneficial in terms of alleviating caregiver burden and
distress. Unfortunately, due to lack of awareness of the existence of these
programs or logistic problems accessing these programs, many caregivers do not
take advantage of or receive the benefits of evidenced-based interventions. This
paper will discuss and demonstrate with examples from our research, how Infor-
mation and Communication Technology (ICTs) can support family caregivers.

Keywords: Family caregiving - Social support - Information and communication
technology

1 Introduction

The growth in the number of older people, especially the old-old, in both developed and
developing countries has important implications for society and the healthcare system.
Worldwide, the number of older persons was 841 million in 2013, and will almost triple
by 2050, when it is expected to surpass the two billion mark [1]. The likelihood of
developing a chronic disease or disability and the need for support and healthcare serv-
ices generally increases with age. For example, about 36 million people worldwide have
Alzheimer’s disease (AD) or some other form of dementia and this number is expected
to increase to 66 million by 2030 [2] (Fig. 1). In the U.S. alone about 92 % of older adults
(aged 65 +) are living with one chronic condition such as high blood pressure, diabetes
or heart disease and many 77 % have at least two [3].

Most people with a chronic condition such as AD or a disability are cared for at home
by family. Although caregiving can have positive benefits, caregiving often creates nega-
tive consequences for the caregiver. Overall, the existent literature indicates that care-
giving can result in psychological distress, the adoption of poor health habits, sleep disrup-
tion, psychiatric and physical illnesses, and mortality. Caregiving also often disrupts social
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national Alzheimer organizations including the Alzheimer’s Association.

Fig. 1. Projected increase in the number of people with Alzheimer’s Disease worldwide

and other family relationships and employment activities [4, 5]. Given these conse-
quences, there has been a broad range of intervention studies aimed at decreasing care-
giver stress and enhancing the caregiver experience. Several of these intervention studies
have demonstrated beneficial effects for the caregiver such as in reductions in caregiver
burden and depression and enhanced caregiving skills and social support. In fact, many of
these programs such as the Resources for Enhancing Alzheimer’s Caregiver Health
(REACH 1) [6], are now considered to be an evidenced-based interventions and are being
broadly implemented in the community. However, despite the proliferation of these inter-
ventions many caregivers are unaware of or do not have access to these programs. For
example, services are not always available to caregivers in some communities or their
availability is not well advertised, further many caregivers are unwilling to use services
that are available because of issues such as cost, logistic problems, or lack of help from
others to care for the older adults when they are engaging in an activity such as attending a
community support group. Information and Communication Technologies (ICTs) offer the
potential of removing these barriers and providing support and delivering services to care-
givers. Existing evidence suggests that the use of technology to deliver intervention
programs and support to family caregivers is feasible and acceptable to caregivers and
technology-based interventions can prove to beneficial. However, this issue is just begin-
ning to be explored and there is a need for a more robust evidence-based with diverse
populations of caregivers. This paper will explore this issue and provide examples of tech-
nology-intervention programs.
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2 Objectives

The focus of this paper is on demonstrating how ICTs can be used to support family
caregivers and enhance their access to services and resources and their ability to provide
care. A case example will be presented to demonstrate feasibility and efficacy of using
technological interventions for caregiver populations. Issues of cost-effectiveness,
barriers to implementation and privacy will also be discussed.

3 The Role of Technology in Support Family Caregivers

To provide a context for what follows we being by providing a definition of family
caregivers offered by Schulz and Martire [7], who define caregiving as the provision of
extraordinary care outside of the bounds of what is consider typical for a relationship —
e.g., a spouse does not typically bathe, feed and dress their partner. Caregiving typically
involves a range of task such care coordination, assistance with activities of daily living
(ADLSs) and instrumental activities of daily living (IADLS), provision of emotional and
in some cases (e.g., dementia) provision of cognitive support. Caregiving also increas-
ingly involves assistance with healthcare tasks previously performed by trained
specialist such as delivering injections or interacting with a blood glucose monitor or
an infusion pump. Thus, caregiving involves tasks that may be unpleasant and uncom-
fortable; are psychologically stressful and physically exhausting; and involve significant
expenditures of time, effort, energy, and financial resources over potentially extended
periods of time. Further, the demands of caregiving are not static and many change over
the course of their loved ones illness.

Due the increased reliance on family caregivers to help manage the growing popu-
lation of older adults and the documented consequences of caregiving on the caregiver,
there have been a broad range of intervention trials aimed at decreasing the burden of
caregiving and providing support to the family caregiver. These interventions included
counseling, skills training, case management, and social support. They are also delivered
in a variety of formats and contexts such as individual and group sessions delivered in
the home or in clinical settings. Unfortunately because many caregivers remain unaware
of these programs or confront barriers to accessing these programs, the benefits of these
programs are often not experienced by many family members in the caregiving role.
Thus there is a need for innovative methods to bring services and support to caregivers
— clearly ICTs offer this potential.

Overall, ICTs hold several advantages over more traditional methods of intervention
delivery such as: increased ability to deliver and access information on demand and in
a time efficient manner, over long distances and asynchronously; increased access to
resources and healthcare providers; and increased flexibility with respect to information
format. For example, the Internet and mobile devices can enhance caregivers’ access to
information and resources. A challenge facing many caregivers is having the necessary
knowledge about the care recipient’s illness or disability, how to provide care, and how
to access and utilize available services. There are a vast number of websites available
that can provide caregivers with information on illnesses/diseases, medications and
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treatments, healthcare providers and health resources. These applications can also
enhance direct access to experts and professional organizations, which can also facilitate
decision-making by the caregiver. Recent data from the Pew Internet and American Life
Report [8] indicates that among caregivers in the U.S. who have access to the Internet,
84 % indicated that they went online to research health topics such as information about
their loved ones illness, medication safety, and medical procedures. Fifty-nine percent
of these caregivers said that the online resources enhanced their ability to provide care
and 52 % indicated that these resources have been helpful in their ability to cope with
caregiver stress. Of course a concern is the quality, quantity and usability of the infor-
mation offered by Internet resources. Our data shown that Internet health information
can be challenging to use and understand (e.g., [9, 10]).

Network applications can also link caregivers to other family members or long
distant caregivers to the person for whom they are providing care. They also offer care-
givers the opportunity to engage with other caregivers and participate in support groups.

Monitoring and sensing technologies are increasingly being used to monitor the
functional health and activities of older adults, and to assist with the management of
chronic conditions, may also be beneficial to family caregivers. Develops in microelec-
tronics and digital wireless technology now make it possible to integrate wireless sensors
and network capabilities so that the information collected from the sensors can be trans-
ferred to clinicians and family caregivers at remote locations. These systems include a
wide variety of technologies such as home-based safety monitoring systems (e.g., fall
detection systems, sensor-embedded environmental systems); embedded or integrated
activity-monitor sensory systems that track behaviors such as movement patterns, sleep
behaviors or simpler systems that track activities such as medication adherence; and
systems that monitor vital signs and other health indicators or provide reminders about
health-related activities.

However, despite these benefits there are also potential challenges associated with
technology use such as lack of “meaningful access” to technology systems for some
segments of the population (e.g., older adults, individuals of lower socio-economic
status), usability problems, the dynamic and constant evolution of technology, cost and
reimbursement, and the possibility that using technology to deliver an intervention may
not be a comparable substitute to the face-to-face interactions between caregivers and
interventionists, other caregivers, or healthcare providers [11, 12]. To overcome these
challenges requires larger robust trials to gather evidence about the benefits and pitfalls
of technology and the consideration of caregiver characteristics, needs, and preferences.

3.1 Case Study: The Videocare Study [13]

The VideoCare Study was a randomized pilot trial that evaluated the feasibility and
efficacy of a technology-based intervention among an ethnically diverse sample of
family caregivers of patients with Alzheimer’s disease. Following a baseline assessment
a sample of 110 caregivers (56 Hispanic Americans and 54 African Americans) were
randomized into: (1) the videophone intervention condition; (2) a nutrition attention
control condition; or (3) an information only control condition. Those assigned to the
intervention group received a Cisco videophone that was installed in their home and
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connected to a DSL line and a secure server at the host site (Fig. 2). The Videophones
were used to conduct individual skill building sessions with a certified interventionists
and facilitator led support groups. The support groups were conducted via the video-
phone in English and Spanish and followed a structured education/supportive format.
This included an introduction to and discussion of themes related to the caregiving
experience. The group themes included: (1) Introduction to Dementia; (2) Managing
Behavioral Problems; (3) Caregiver Well Being; and (4) Communication; and Planning
for Life Transition. The support group sessions were closed, 60 min in duration, and
were interspersed with the individual videophone skill building sessions. The caregivers
participated from their own homes via videophone. Other features available on the
videophones included an annotated resource guide, caregiver tips: educational seminars.
The features were presented in hierarchical menus in a multi-modal format (speech and
text). Caregivers received training in the use of the videophone, were provided with a
help card and access to technical support. There was also a help feature on the menu.
All features were available in English and Spanish (Fig. 3). The intervention duration
was 5 months, followed by a post intervention assessment.

CENTER ON AGING - UNIVERSITY OF MIAMI

FOR THE TO ANSWER  FOR HELP
MENU PRESS A CALL PRESS  PRESS

Broadband technology by AT&T.
Phones by Cisco Systems.

Fig. 2. The Videophone technology

The results of the study are encouraging and indicate that the intervention was bene-
ficial in terms of alleviating caregiver distress and increasing social support and positive
feelings about caregiving among the caregivers assigned to the Videocare intervention
arm (Czaja et al. 2014). The majority of caregivers (82 %) also found participating in
the on-line support groups was valuable, and that participation in the groups improved
their knowledge about caregiving and their caregiving skills. All of the caregivers
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AGITATION

Try to assess what is causing your loved one to be agitated.
Remain calm and redirect them by asking them what they need.
Try and eliminate the source of the agitation.

Avoid screaming or confrontation.

Switch to a new activity.

Offer something of comfort and speak in a calming voice.

Walk away and give yourself some space.

VIDEO

Trate de evaluar que es lo que esta potencialmente
causando que su ser querido se ponga agitado.

Manténgase calmado y redirija su atencion por medio
de preguntarle que es lo que quisiera hacer.

Trate de eliminar la fuente de agitacion

Evite gritar, confrontarle, o escalar en la agitacion.

Ofrézcale algo que le dé consuelo y hable con una voz calmada.

Finalmente, aléjese, y dése su propio espacio.

Fig. 3. A sample of a caregiver tip screen in English and Spanish

(100 %) indicated that participation in the groups helped them share their feelings about
being a caregiver. In addition, the caregivers were able to use the videophone system
and the majority indicated that the videophone was understandable and easy to use.
Overall, the findings from the study demonstra that technology is a viable and valuable
option for delivering intervention programs and conducting support groups with diverse
caregiver populations. The caregivers were enthusiastic about the program and were
able to use the technology. They also found it useful in terms of enhancing their access
to resources.

4 Conclusions

This paper provides examples of various technologies and their potential benefits for
family caregivers. However, for the benefits of these technologies to be realized by
caregivers, it is important that the technology is useful and useable by these populations
and that systems are reliable and responsive. If a system is unavailable it cannot be used,
and if it is unreliable users will become frustrated and avoid using the technology
regardless of potential benefits. All technology involves potential barriers to acceptance
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that must be overcome to facilitate widespread acceptance, adoption and continued use.
These include a broad range of user characteristics (socio-demographics, health status,
social support, experience with and attitudes towards technology) and resources
(sensory, cognitive, psychomotor); system characteristics (user interface, instructional
support, aesthetics, engagement, functionality); and the fit between the user and the
system.

One issue that remains is technology access. Although the rate of technology adop-
tion is increasing across age groups existing data indicate that there are still age-related
gaps in usage especially among caregivers and older adults of lower socio-economic
status.

Other issues relate to privacy issues and data integration, management and sharing
issues. It is essential to investigate sources of potential for harm inherent in some tech-
nologies such as privacy intrusions, false perceptions about the capabilities and safety
of technology systems, the proliferation of too much and inappropriate information and
miscommunications between caregivers, patients and healthcare providers. Optimal
strategies for combining technology with other types of interventions and healthcare
interactions need to be identified. More rigorous studies are also needed to evaluate the
effectiveness of technology-based interventions with large and diverse caregiver popu-
lations and on the cost effectiveness of technological interventions.

Itis also important to note that many caregivers are also increasingly need to perform
medical/nursing tasks, which also means that they have to interact with complex medical
technologies such as catheters blood glucose monitors, and injection equipment. In
addition, they may have to interact with telemedicine technologies and Personal Health
Records (PHRs). Thus it is important to insure that caregivers have the requisite skills
and instructional support to use these technologies and that these technologies conform
to usability guidelines. All to often ICT technologies are designed without consideration
of user populations.
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Abstract. With the increasingly aging population and the advances in infor-
mation technology (IT), cloud service has become an important health infor-
matics topic. Cloud-based healthcare services have significant potential to
enable the elderly to live independently and to access health-care services with
ease. Despite this potential, there are gaps in our understanding of how the
elderly decide to use such services. A field survey was conducted in Taiwan to
collect data from the elderly, and the structural equation model was used to
examine the data. The results indicated that attitude, subjective norm, perceived
behavioral control, perceived risk, and trust are key determinants in the elderly’s
usage intentions. The results also indicated that perceived risk and trust inte-
grated with the theory of planned behavior (TPB) model provides an improved
method for predicting the elderly’s intentions to use cloud-based health-care
services. Finally, the implications of this study are discussed.

Keywords: Cloud-based healthcare services - Technology acceptance
Perceived risk * Trust

1 Introduction

Population aging is a pressing problem for many countries, especially for developing
countries such as Taiwan. The proportion of the population aged 65 and over was
10.7 % in 2010 and 12 % in 2013, and it is estimated that the elderly population will
double to 20 % in only 20 years [1, 2]. In Taiwan, nearly 90 % of people over 65 years
of age have one chronic condition, and 50 % have three chronic diseases [3]. Chronic
diseases, such as cancer, stroke, respiratory disease, diabetes, and heart diseases, are
among the leading causes of death in the country. According to the statistics, nearly
35 % of the total health-care expenditure of the National Health Insurance (NHI) in
Taiwan was utilized by elderly people aged 65 and over [4]. As the population ages,
more of the elderly are expected to have a greater demand for medical services. To
deliver a more comfortable and complete health-care service, cloud-based health ser-
vices have been proposed to help diagnose, monitor, and provide services to deal with
the chronic diseases faced by the elderly in recent years [5, 6].
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Cloud-based healthcare services are capable of handling data in the form of text and
images, thereby making it possible to maintain complete health databases. This allows
health professionals to access health records and make clinical decisions; upload pre-
scriptions; provide healthcare suggestions, including health education and self-health
management; and even make emergency calls. Through cloud-based healthcare ser-
vices, the elderly can obtain healthcare services anytime and anywhere, using mobile
devices. These healthcare services have great potential in terms of enabling the elderly
to live independently, as well as allowing for the early detection of symptoms and easy
access to healthcare services. Hence, many healthcare organizations are looking closely
at cloud-based applications for the delivery of healthcare services to the elderly.
Despite this potential, there are gaps in our understanding of how the elderly decide to
use such cloud-based healthcare services.

Health information technology (IT) use behavior differs in certain ways from
typical user behavior with regard to general applications, including the following:
(a) health care is not only a type of service but also a lifesaving mechanism, and
(b) concerns exist regarding the reliability of the open Internet infrastructure that
healthcare service providers employ to interface with users [7]. To elicit the trust of the
elderly, cloud-based healthcare service providers must implement more than mere
electronic linkages. These differences emphasize the uncertainty of the online envi-
ronment, the importance of risk, and the significance of new health IT adoption. Thus,
the existing variables of the technology acceptance model cannot fully reflect the users
and their motives, and, consequently, a study of other intrinsic motivational factors is
required. Prior studies have maintained that risk and trust are essential for under-
standing interpersonal behavior in the field of medical informatics [8, 9]. Based on
social psychology theory and the healthcare literature, we have developed an extended
version of the theory of planned behavior (TPB) [10] to predict the behavior of the
elderly. From a practical standpoint, understanding why the elderly’s intention to use
the cloud-based healthcare service can help government agencies and healthcare
administrators to devise appropriate implementation strategies and cloud-based
healthcare services to minimize the elderly’s resistance to, and any adverse effects
on, the healthcare management system.

2 Background

According to the 2014 Healthcare Information and Management Systems Society
Analytics Cloud Survey, 92 % of health-care providers see the value of cloud-based
services for their organizations now and in the future [11]. Thus, cloud-based health-
care services has been a critical research topic in the field of medical informatics.
Previous studies have investigated the factors influencing IT acceptance by patients
through the use of several information technologies, such as remote health monitoring
[12], Telecare [13], and mobile health services [14, 15]. Compared with previous
studies, we specifically highlight the factors driving the elderly’s intention to use
cloud-based healthcare services.
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2.1 Cloud-Based Healthcare Services

Cloud-based healthcare services enable the elderly to access personalized and inter-
active health services according to their mobility, portability, and ubiquity. Mobile
devices typically include smartphones, personal digital assistants, tablets, notebooks,
and health-monitoring devices. Most cloud-based healthcare services use mobile phone
platforms. Cloud-based healthcare services have several functions: (a) they improve
self-health management and disease diagnosis, treatment, and monitoring; (b) they offer
preventive services in health promotion and treatment compliance; and (c) they
enhance healthcare processes. For example, the elderly can upload their vital sign data
to a cloud platform, via which health professionals can access health records in real
time, thus providing a reliable basis for diagnosis. However, for these IT-enabled
benefits to materialize, elderly people must first adopt the cloud-based healthcare
service. A number of previous studies regarding the health IT adoption behaviors of
elderly users developed elderly-specific characteristic constructs to better understand
the unique features of the elderly [6, 14, 15]. However, studies that have examined the
elderly’s willingness to use cloud-based health services are rare.

2.2 Technology Acceptance Theories

Social psychological theories, such as the theory of reasoned action (TRA) [16] and the
TPB [10] have been applied to the study of technology acceptance or adoption. TRA is
a well-established intention-based theory, according to which behavioral intention is
explained by people’s attitudes toward that behavior and subjective norms.
Although TRA has been evaluated and supported in numerous contexts, it is weak with
regard to explaining the essence of behavior. Ajzen [10] found that attitude and sub-
jective norm determine intention and further proposed that perceived behavioral control
(PBC) reflects the degree to which a person feels that successfully engaging in a
behavior is completely under his or her control. Behavioral intention (BI) measures the
strength of the user’s willingness to exert effort when performing certain behaviors.
Attitude is the individual’s general feeling about the desirability or undesirability of a
particular behavior. Subjective norm (SN) refers to the individual’s perception of
important people’s opinions about performing or not performing the behavior. PBC
reflects a person’s perception of the ease or difficulty of performing a specific activity.
Ajzen [17] proposed that TPB eliminates TRA limitations on managing behavior over
which people have incomplete volitional control. Prior studies have shown that the
TPB model has good explanatory power for predicting the health IT acceptance of
users [15, 18]. Therefore, this study applies the TPB model to explain the elderly’s
intention to use cloud-based health services.

2.3 Trust

Trust is one party’s confident belief that the other party will behave in a dependable,
ethical, and socially appropriate manner [19]. In the cloud-based healthcare context, the
elderly are the trustors and the cloud services providers are the trustees because the
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elderly provide sensitive information, such as individual identifiers and health records,
to the health professionals. The elderly have a limited ability to monitor or control the
use of their personal information, which is why trust is required. Under these cir-
cumstances, the elderly’s concerns about sufficient security for protecting individual
data privacy are likely to slow the diffusion of such IT cloud-based healthcare services.
Our literature review revealed that further research is necessary to clarify the role of
trust perceptions in user acceptance of health IT [8, 9]. This study uses measures of
trust to address the elderly’s perceptions of the existence of favorable conditions that
are conducive to the situational success of using cloud-based healthcare services.

2.4 Perceived Risk

Perceived risk is defined as the uncertainty that is experienced regarding the possible
negative consequences of using a product or service [20]. When the level of uncertainty
is more substantial, the level of perceived risk increases [21]. From the perspective of
the elderly, there are several different kinds of perceived risk involved with the use of
cloud-based healthcare services. These include performance, financial, privacy, and
psychological risk. Performance risk is the probability of the health personnel harming
a patient because of an incorrect decision based on inadequate information. Financial
risk is the financial burden they place on the individual practices. Privacy risk for the
elderly is the lack of control over personal information. Psychological risk is the
potential that using the cloud-based healthcare services may cause psychological dis-
comfort and tension because it could have a negative effect on the elderly’s
self-perception. Perceived risk has been used to aid in the understanding of users’
adoption of, or resistance to, health IT [7]. Thus, perceived risk is an important factor
that can potentially impact an elderly person’s perception of cloud-based healthcare
services. This study integrates perceived risk into the TPB model to gain a more
comprehensive understanding of the behavioral intention of the elderly with regard to
cloud-based healthcare services.

3 Research Model

Prior studies have argued that usage intentions are more appropriate than actual
behavior because the former are measured contemporaneously with beliefs [22-24].
Certain studies have also chosen usage intention instead of actual usage as a dependent
variable to investigate the health IT acceptance of users [25, 26]. Therefore, we con-
sidered the application of elderly people’s intentions to use the cloud-based healthcare
services as a dependent variable as adequate and desirable. Further, the cloud-based
health services is a cloud platform for delivering health services, and activities are
performed online and are processed virtually. Personal privacy data that hackers might
steal are transmitted online. These concerns require a high level of trust and a low level
of perceived risk before the elderly are willing to use the cloud-based healthcare
services. The literature review indicated that numerous studies have provided empirical
support indicating the significance of trust and perceived risk as a direct factor
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Attitude

Perceived behavio
control

Fig. 1. Research framework

Intention to use

influencing the intentions of the user to engage in health activities [8, 9]. Thus, we
extended the TPB model by adding trust and perceived risk construct to the research
model. Figure 1 presents a pictorial depiction of the research model, which offers a
description of the different dimensions and the development of theoretical arguments.

According to the TPB perspective, attitude, SN, and PBC are three direct ante-
cedents for determining behavioral intention to use. We argue that, in the context of
healthcare for Taiwanese senior citizens, there are three other potential linkages
between attitude and behavioral intention, SN and behavioral intention, and PBC and
behavior intention to use. Deng et al. [15] empirically used the TPB model to explain
the behavioral intentions of older people toward mobile health services. Thus, we posit
the following hypotheses:

H1. Attitude is positively related to the intention to use the cloud-based healthcare
services.

H2. SN is positively related to the intention to use the cloud-based healthcare services.

H3. PBC is positively related to the intention to use the cloud-based healthcare
services.

Trust is generally defined as one party’s confidence. Trust has been identified as a
predictor of usage intention [27]. Prior studies have provided empirical support indi-
cating the importance of trust as a direct factor influencing an individual’s intention to
engage in healthcare activities [8, 9]. The elderly’s use of healthcare services is subject
to uncertainty and risk, which require improving the trust of cloud-based healthcare
services. Consequently, this study proposes the following:

H4. Trust is positively related to the intention to use the cloud-based healthcare
services.
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Perceived risk increases the anticipation of negative outcomes, thereby leading to
an unfavorable attitude that typically results in a negative effect on a user’s intention to
use [28, 29]. During the adoption process of cloud-based healthcare services, the
elderly verify their perceptions of risks. If healthcare services are perceived to have a
large risk, the elderly may resist using the cloud-based healthcare services. Thus, we
propose the following hypothesis:

HS. Perceived risk is negatively related to the intention to use the cloud-based
healthcare services.

4 Research Method

4.1 Questionnaire Development

The construct measures shown in Fig. 1 were all adopted from previous studies and
were rated using a 5-point Likert scale; the anchors ranged from “strongly agree” to
“strongly disagree.” Although previous studies have validated the questionnaire items,
we conducted pretests by requesting several healthcare professionals to evaluate each
item. To ensure validity and reliability, we conducted a pilot test with a sample that was
representative of the actual respondents. We conducted structural equation modeling
using partial least squares (PLS) estimations for the data analysis, because the PLS
method requires a minimal sample size and has few residual distribution requirements
for model validation [30].

4.2 Sample and Data Collection

The target participants were the elderly in Taiwan. Ten community care centers were
successfully contacted to secure their collaboration. A total of 250 questionnaires were
distributed through an administrator of the community care center, and 185 ques-
tionnaires were returned. We assessed nonresponse bias by comparing early and late
respondents (e.g., those who replied during the first three days and the last three days).
We found no significant difference between the two respondent groups based on the
sample attributes (e.g., gender and age).

5 Research Results

The resulting 178 valid questionnaires constituted a response rate of 70 %. The majority
of the questionnaire respondents were females (57.87 %) between the ages of 65 and 74
years (58.99 %). We tested the reliability and validity of the proposed model. Reliability
was assessed based on a construct reliability greater than 0.8 [31]. Convergent validity
was assessed based on the following three criteria: (a) item loading greater than 0.7 and
statistically significant, (b) composite construct reliability (CR) greater than 0.80, and
(c) average variance extracted (AVE) greater than 0.5 [32]. The discriminant validity
between the constructs was assessed based on the criterion that the square root of the AVE
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Table 1. Reliability and validity of the scale

Construct | Item loading | CR | AVE | Correlation

AT |SN |PBC|PR | TR |US
AT .81-.89 91/.70 | .84
SN .85—.88 90 |.74 | 41| .86
PBC .84—.90 911.77 57 .51 .88
PR .81-91 .89 .73 |-38|-31/-44 | .85
TR .79—-.96 .86 /.76 | .11| .01 .08 [-.02 .87
usS .89—.94 94 | .85 46| 54| .55 |-361.13].92
Note: Leading diagonal shows the square root of AVE of each
construct

Attitude (AT), Subjective norm (SN), Perceived behavior control
(PBC), Perceived risk (PR), Trust (TR), intention to use (IN)

for each construct should be greater than the corresponding correlations with all the other
constructs [31]. In this study, the construct reliabilities are all greater than 0.85. For the
convergent validity, the item loadings are all greater than 0.7, and the AVEs range from
0.70 to 0.85. For the discriminant validity, the square root of the AVE for a construct is
greater than its corresponding correlations with the other constructs. Table 1 shows the
descriptive statistics of the principal constructs and the correlation matrix, respectively.
These results indicate acceptable reliability, convergent validity, and discriminant
validity.

The testing results in the structural model are indicated in Fig. 2. In this empirical
study, we analyzed the elderly’s intention to use cloud-based healthcare services. The
statistical testing conclusions support this research model. In this study, intention to use
a cloud-based healthcare service was jointly predicted by attitude (f = 0.14,

Intention to use
R*=43)

#4+ p<0,001, ** p<0.01, * p<0.05

Fig. 2. Results of the structural model
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standardized path coefficient, p < 0.01), SN (B = 0.33, p < 0.001), PBC (B = 0.26,
p < 0.001), perceived risk (f =—0. 10, p < 0.05), and trust (f = 0.11, p < 0.05).
Together, these variables explained 43 % of the variance of intention to use. As a
result, hypotheses 1, 2, 3, 4, and 5 were all supported.

6 Discussion

The results indicate that attitude, SN, and PBC are key determinants in the elderly’s
usage intentions. These findings are consistent with the results obtained by Ryu et al.
[25] and Deng et al. [15]. The effects of these usage intention variables were significant
in explaining the elderly’s usage behavior because they are consistent with Ajzen [17],
who maintained that the relative importance of attitude, SN, and PBC in predicting
usage intention varies across behaviors and situations. The results showed that of all the
main determinants, SN had the strongest effect on behavioral intention. When an
elderly person has a greater perception that most people who are important to them
think that they should use a new technology, they are more likely to commit to this
perceived pressure and are more willing to use a cloud-based healthcare service. PBC
was the influential factor in usage intentions toward the cloud-based healthcare ser-
vices. This result coincides with the findings of previous studies on technology
adoption [7, 26] and suggests that the elderly are likely to engage in cloud-based
healthcare services when they believe they have the ability to use the new technology.
Attitude was an influential factor in the elderly’s intention to use cloud-based health-
care services, although its effect was smaller than that of either SN or PBC. Trust was
also found to have a significant positive effect on the intention to use cloud-based
healthcare services. To increase the acceptance of cloud-based healthcare services,
healthcare service providers need to develop strategies that improve the elderly’s trust
in the underlying technology. As hypothesized, perceived risk increases the anticipa-
tion of negative outcomes, thereby leading to an unfavorable attitude that typically
results in a negative effect on the elderly’s intention to use such a healthcare service.
In summary, the main contribution of this study is that it is the first to explore the
elderly’s usage behavior using existing social psychology theories. The TPB approach,
which was adopted for the model, provides a more complete set of antecedents that
better explain the intention to employ a specific technology (i.e., cloud-based health-
care services), thereby enhancing the practical contributions of this study. We extended
the model by incorporating trust and perceived risk and examined its influence on the
elderly’s intentions to adopt a new health IT. All the main constructs, including the new
constructs (i.e., trust and perceived risk), were found to have a significant effect on
elderly people’s intentions to use cloud-based healthcare services. The results indicate
that the model provides a good understanding of the factors that influence the intention
to use cloud-based healthcare services. We offer implications regarding medical
practice and academic research that are based on our findings. We hope to encourage
future researchers to (a) further examine the relative effectiveness of the existing,
legally binding, and personal information protection act and to (b) improve the
effectiveness of the information security mechanism in the healthcare context.
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Abstract. This study aimed to describe the use of information and communi-
cation technologies (ICTs) by Hong Kong older adults (over 60 years of age), and
to explore the factors affecting their intention to use ICT innovations in future.
A questionnaire survey was conducted with 109 older adults in Hong Kong.
Exploratory factor analysis was used to extract important factors. Hierarchical
regression was used to assess the associations between factors and intention to
use ICT innovations in the future. The results showed that the older adults mainly
used ICTs for entertainment and social communication. Education, perceived
benefits, and security and privacy were applications and issues that were sig-
nificantly and positively associated with the intention that older adult had towards
use of ICT innovations in the future.

Keywords: Older adults - ICT - Usage * Factors

1 Introduction

The Population Division of United Nations recently reported that in 2015 there were
901 million people in the world above 60 years of age. This number is projected to
grow to 1.4 billion by 2030, and to 2.1 billion by 2050 [1]. The rapid growth of the
aging population is a global phenomenon: virtually every country in the world will
experience a substantial increase in the size of the population aged 60 years or over
between 2015 and 2030. The growth of the older population is expected to be espe-
cially rapid in Asia, with increases of more than 60 % between 2015 and 2030 [1]. In
Hong Kong, population ageing is expected to be very marked with the proportion of
elderly aged 65 and over projected to increase from 15 % in 2014 to 23 % in 2024 and
30 % in 2034, and further rise to 36 % in 2064 [2]. Globally, 40 % of older persons
aged 60 years or over live independently i.e. alone or with only their spouse. As
countries develop and their populations continue to age, living alone or with a spouse
only will become more common among older people in the future [3]. However, older
people may face various difficulties when trying to live independently and safely as a
result of age-related decline in physiological and psychological functions that affect
physical, sensory and cognitive abilities [4]. The United Nations ageing report [1]
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addressed the importance of improving access for older people to public services in
both urban and rural settings, including ensuring that infrastructure and services are
accessible to persons with limited mobility, vision, hearing or other impairments which
tend to increase with age. The proliferation of technologies, such as mobile devices,
offer a variety of new channels to reach older people, for example, by delivering
messages related to health, security or environmental hazards via SMS (Short Mes-
saging Service). The digital divide is the gulf between those who have ready access to
information and communication technologies (ICT) and those who do not. It is vital to
bridge the digital divide for older people by addressing differences in educational
background and ICT skills through technology training courses, programmes and
learning hubs tailored to their needs [1].

Fortunately, with the rise of the silver market, there are various innovative products
and services to help to support older people to live conveniently and independently and
to enable them to lead healthy and active lives. There are products such as tailored
mobile phones and apps for older adults. However, previous research shows that relative
to younger people, older people lag behind in adoption of technology due to factors such
as perceived usefulness and ease of use of technology, age-related characteristics in
health and cognitive ability, and difficulties in finding technical support to solve inter-
face operation problems [5]. In the case of information and communication technologies
such as computers and the Internet, there are many human computer interaction factors
that influence decisions for older adults to adopt such technologies [6]. The problem of
adoption by older people is exacerbated by the fast rate of introduction of technological
innovations such as, the multi-touch user interface used in iPhones and other devices, or
most recently, motion-activated user interfaces. These innovations obviously changed
the way people interact with technology and have improved the quality of life and work
efficiency, for example, simple hand motions on touch panels are easier and quicker than
a traditional mouse which need accurate moves and clicks. However, it is not necessarily
the case that older people will be ready to learn or to be able to use and adopt innovations
with ease. Various age-related factors which are regarded as essential determinants in
the process of design and operation should be taken into consideration when trying to
enhance the penetration of information and communication technologies among older
adults. When studying the acceptance of information and communication technology,
the factors related to human-computer interaction are suggested to include perceived
usefulness, perceived ease of use, Internet dependence, self-efficacy towards tech-
nologies, technology anxiety or technophobia, intrinsic motivations, information reli-
ability and some others [2, 3].

Older adults, especially ‘younger’ seniors, may now understand the necessity of
using ICT products and services in their life [7], and that they are now expected to use
some common ICT products and services such as computer, smartphone, and the
internet more frequently than before in order to manage daily activities. Thus, it is
timely and important to explore what needs to be done now to ensure effective
implementation and adoption of ICTs among older adults in the future. The success of
innovative technologies and services for older people is based on a comprehensive
understanding of their current usage and future needs.



198 Q. Ma et al.

Research around ICT acceptance and usage among older adults is currently
receiving an increasing amount of attention, not only in the developed countries but
also in developing countries. A variety of factors have been explored by earlier
researchers in different contexts. In a review study by some of the current authors [6],
these factors were qualitatively categorized into: Perceived usefulness (perceived
impact on life, needs satisfaction, perceived convenience and perceived benefits and
usefulness); Subjective norms (children/family influence, caregiver influence, social
influence); Perceived behavior control (self-efficacy, anxiety, facilitating condition,
support availability); Perceived usability (perceived ease of use, age-centered interface,
system reliability); Affections, and Socio-demographic mediators (gender, age, edu-
cation, income, health and past experience). However, the classification and definition
of factors were based on qualitative analysis rather than on empirical studies. When
considering geographical factors and technological domains, all the potential factors
need to be further validated for their effects on the usage of ICTs for older adults in
Hong Kong.

The aim of this study was to understand the usage and adoption of ICT products
and services by older adults in Hong Kong. This study also explored human computer
interaction (HCI) related factors that influence the intentions of older adults to use ICT
innovations in the future.

2 Methodology

This cross-sectional study of Hong Kong adults over 60 years of age was conducted
through a questionnaire survey, consisting of three major parts: (1) demographic
characteristics; (2) usage behavior concerning ICT products and activities; (3) attitudes
and perceptions towards ICT. The language of the questionnaire was traditional
Chinese. Considering education background variety, the questionnaire was adminis-
tered through face-to-face interview instead of being self-administered. The interviewer
presented the questions and repeated the responses back to the interviewees to confirm
that their answers were accurately documented.

2.1 Participants

A total of 109 Hong Kong Chinese adults aged over 60 (47 males and 62 females) from
six local elderly service centers participated this study. Background information
including gender, age, education, marital status, living arrangement, work status, year
income, and means of living was collected.

2.2 Measurements of Usage Behavior: Products and Activities

Based on our previous study [6], a total of three categories of ICT products, services and
systems were included in the questionnaire, namely (1) Internet explorer; (2) Phones
(telephone/feature phone/smart phone/geriatric cellular phone); (3) Computers (desktop/
laptop/tablet). The measurement scale for usage experience towards the three categories
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of IT products was from one to three (1 = have never heard of the technology or
services, 2 = have heard of but not used, 3 = have been using or used) [8]. Six cate-
gories containing a total of 21 items of activities using ICT products were listed in this
section accordance with the previous review [6]. The six categories were (1) Remote
monitoring; (2) E-Health care activities; (3) Social communication; (4) Online services;
(5) Entertainment; (6) Daily routine activities. A four-point scale was used to measure
usage frequency (4 = Frequent, 3 = Often, 2 = Rare, 1 = Never).

2.3 Acceptance Constructs

The acceptance constructs used in the questionnaire were selected by three experts in
this field based on the available sources of previous studies. First, measurement con-
structs in previous studies which were focused on the adoption of the Internet, com-
puters, mobile phones and related activities by older adults were included; second,
constructs related to human-computer interaction (HCI) were included, such as per-
ceived usefulness, perceived ease of use, Internet dependence, self-efficacy towards
technologies, technology anxiety or technophobia, intrinsic motivations, and infor-
mation reliability; then, in order to maintain a higher reliability and validity, the
constructs with relatively lower factor loadings (< 0.7) in previous studies were
dropped; as a result, 24 acceptance items were retained in the questionnaire (Table 1).

Table 1. Potential acceptance constructs and sources

No. | Potential constructs Sources

1 Perceived impact on life [9]

2 | Perceived usefulness [7, 10] [11-13]
3 Needs satisfaction [14, 15]

4 | Perceived benefits [16]

5 Perceived convenience [16]

6 Children’s/families’ influence [17, 18]

7 Social influence [18-21]

8 Subjective norm [7, 11]

9 Self-efficacy [22, 23]

10 | Facilitating condition [22-24]

11 | Anxiety [9, 22, 25]
12 | Support availability [14, 26]

13 | Perceived ease of use [7, 11, 27]
14 | Age-centered interface [21, 28, 29]
15 |Relevance of living style [15, 17]

16 | Technology compatibility [21]

17 | Cost & Economics compatibility | [30, 31]

18 | Perceived usability [14]

(Continued)
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Table 1. (Continued)

No. | Potential constructs Sources
19 | System reliability [9, 16]

20 | Quality of visual presentation [32]

21 | Data protection [10]

22 | Personal privacy [33]

23 | Security and safety [10]

24 | Uncertainty risk [9, 16, 20]

2.4 Method of Analysis

An exploratory factor analysis (EFA) was conducted to extract the most relevant
affecting factors based on the 24 potential acceptance constructs. One of the greatest
advantages of EFA is that all the factors extracted through this method are not assumed
ahead by the authors. Hierarchical regression analysis was performed to examine the
relationships between the independent factors extracted through EFA and the intentions
that older adults had towards further usage of IT products. The hierarchical regression
method allows researchers to diagnose and control confounding variables which may
also influence the dependent factors in the first stage model, such as the demographic
characteristics of the older adults.

3 Results

3.1 Demographics

The majority of older adults in the sample were aged 70—74 (54.1 %), with primary
education (47.7 %) and secondary education (41.3 %), married (96.3 %), living with
household member (64.2 %), retired (61.5 %), living with support of relatives (59.6 %)
and with annual income less than $30,000 HKD (93.6 %). Detailed characteristics of
the sample are shown in Table 2.

3.2 Usage Behavior: Products and Services

Usage experience towards ICT products was measured by asking the older adults
whether they had heard of or personally used the products. The results are shown in
Table 3. 100 % of them have been using or had used a phone (smart and non-smart
phone, telephone), especially, 42 out of 109 older adults have been using or had used a
smartphone. Also, every older adult participating in this survey had heard about
computers. However, only 38.5 % of them have been using or had used computers.
Regarding Internet explorer, 13.9 % had never heard about it, and 32.9 % have been
using or had used it. The usage rates for the Internet and computers were quite similar.
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3.3 Usage Behavior: Activities

Experiences of activities were measured by asking the usage frequency for different
activities involving the use of ICT products, services and systems over the last 12
months. The results are shown in Table 4. In total, six categories of ICT related
activities were summarized as follows; remote monitoring, health care, social com-
munication, online services, entertainment, and routine activities. As shown in Fig. 1,
among the six categories, more than half of the older adults had never used ICTs for
health care (67.27 %), remote monitoring (81.33 %) or online services (85.55 %).
Correspondingly, they often use ICTs for entertainment (23.57 %), social communi-
cation (15.54 %), and for routine activities (14.40 %) such as, for example, calendar
and alarm clock.

Table 2. Demographic profile (N = 109)

Frequency ‘ Percentage (%)

Gender

Male 47.0 43.1
Female 62.0 56.9
Age

60—64 8.0 7.3
65—69 36.0 33.0
70-74 59.0 54.1
Over75 6.0 5.5
Education

Pre-primary 12.0 11.0
Primary 52.0 47.7
Secondary 45.0 41.3
Post-Secondary 0.0 0.0
Marital status

Married 105.0 96.3
Divorced/Separated 2.0 1.8
Widowed 2.0 1.8
Living arrangement

With household member | 70.0 64.2
Living alone 24.0 22.0
In nursing home 15.0 13.8
Work status

Full-time work 10.0 9.2
Part-time work 32.0 29.4
Retired 67.0 61.5
Never worked 0.0 0.0

Year income (HKD)

(Continued)
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Table 2. (Continued)

Frequency | Percentage (%)

<$30,000 102.0 93.6
$30,000—$49,999 1.0 0.9
$50,000—$74,999 3.0 2.8
>$75,000 3.0 2.8
Primary means of living

Salary 1.0 0.9
Retirement wages 2.0 1.8
Relatives support 41.0 59.6
Community subsidy 65.0 37.6

Table 3. IT products

Never heard Heard of but Have been using
of (%) never used (%) or used (%)

1. Internet Explorer 13.9 53.2 329

2. Phones 0.0 0.0 100.0

3. Computers 0.0 61.5 38.5

Table 4. Activities of using ICT over 12 months

Category Never (%) | Rare (%) | Often (%) | Frequent (%)
1. Remote monitoring 81.33 15.57 2.73 0.30
2. Health care 67.27 18.97 13.77 0.00
3. Social communication | 53.02 26.04 15.54 5.32
4. Online services 85.55 12.15 2.08 0.23
5. Entertainment 32.73 37.60 23.57 6.13
6. Routine activities 48.03 35.17 14.40 243

3.4 Factor Analysis

Principal factor analysis was used as the extraction method in this study.
Kaiser-Meyer-Olkin measure of sampling adequacy was 0.619 (p < 0.001) which
indicated that factor analysis was an appropriate method here. All constructs were
rotated using Varimax with Kaiser Normalization, and the constructs with factor
loading over 0.5 were supposed to belong to a certain factor [34].

As shown in Table 5, 17 out of 24 potential constructs were retained (factor
loading > 0.5).

Based on the descriptions of those retained constructs, they were classified into 5
factors. According to retained constructs 13, 14, 18, and 20, the first factor was taken to
reflect the ease of physical and cognitive use of technology, thus it was named
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Fig. 1. Usage experiences of different activities using information technology products/systems

Table 5. Principal factor analysis results: factor loading and reliability (N = 109)

No. of Factor name Cronbach’s Factor | Factor | Factor | Factor | Factor
constructs alpha 1 2 3 4 5

13 Perceived S11 611 | —.022 322 | -.095 .051
14 Affordances 682 | .150 | .130 | .276 | .083
18 527 173 | -.093 | —-.036 119
20 591 | —-.065 .064 254 .385
2 Perceived .558 .075 799 .077 |-.026 |—.023
4 Benefits .038 744 .058 112 | -.063
5 .077 591 .048 202 298
19 Security and 541 212 | -.067 498 251 | =.201
22 Privacy —-115 |—=220 | .609 | 357 | .182
23 .006 | —.054 633 .078 175
24 -.018 .305 513 1 -.209 | -.027
7 External Support |.506 -.262 | .070 |—.049 | .602 | .069
10 -.077 .186 .018 540 179
12 .169 117 .108 630 .097
15 Compeatibility 512 —.038 .164 .040 .077 .568
16 .051 |—.154 .089 .062 555
17 147 .048 | —.049 .084 614

Perceived Affordances (PA); the second factor was named Perceived Benefits (PB) in
accordance with constructs 2, 4, and 5, which reflected perceived usefulness and
outcome expectancy for ICTs; the third factor was named Security and Privacy
(SP) because constructs 19 and 22—24 were focused on the protection of personal
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security and safety; in accordance with constructs 7, 10, and 12, the fourth factor was
named External Support (ES) which emphasized the importance of external facilita-
tions and help; the last factor was named Compatibility according to constructs 15—17,
which included living style compatibility, technology compatibility, and economic
compatibility.

Cronbach’s alpha of more than 0.5 indicated a good reliability [35]. The overall
Cronbach’s alpha in this study was 0.562 (> 0.5) and the Cronbach’s alpha for all five
factors were over 0.5 which indicated a good reliability for the measurements.

3.5 Hierarchical Regression

Hierarchical regression method was used to evaluate the relationships between factors
and further usage intention. The results are shown in Table 6. Tolerance values and
variance inflation factor (VIF) values were calculated to assess collinearity. Tolerance
values of all independent variables were greater than 0.01, which together with VIFs
less than 5, indicated that collinearity was not a problem [34].

Table 6. Hierarchical regression results for usage intention (N = 109)

Model Model summary Standardized t Sig. | Collinearity
coefficients statistics

Tolerance | VIF

1 | (Constant) | Adjusted R 17.638 | .000
education square = 0.043 228% 2.420|.017 | 1.000 1.000
R square
change = 0.052*
2 | (Constant) | Adjusted R 1.836 | .069
education square = 0.674 .027 465 .643 | .868 1.152
PA R square —.081 —1.330.187 | .818 1.222
PB change = 0.641%* 1~ 119« 2105038 940 | 1.064
SP 823k 14.117{.000 | .888 1.127
ES —.085 —1.429|.156| .850 1.177
PC .028 478 1.634| .899 1.112

#p < 0.05; **p < 0.01; **¥p < 0.001

As suggested by prior studies, demographics should be considered when the
relationships between acceptance factors and usage intention are evaluated. Demo-
graphic variables such as age [36, 37], education [22], health status [23, 28] were
entered in the first stage regression model. However, only education was significantly
associated with usage intention and was therefore was retained in the first stage model.
The result indicated that older adults with higher education levels were more likely to
use ICT innovations.

In the second stage model (model 2), education level was controlled and the five
extracted factors were entered. The explanation power of the regression model was
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obviously much enhanced (R2 = 0.674). Among the factors, perceived benefits and
security and privacy were significantly associated with usage intention and had stan-
dardized coefficients equal to 0.119 (p < 0.05) and 0.823 (p < 0.001) respectively. This
result suggested that older adults with higher score on perceived benefits and stronger
trust on security and privacy towards ICTs will be more willing to further adopt ICT
innovations.

4 Discussions

4.1 Usage Behaviors

In the present study, it was found that ICTs were mainly used by older adults for
communication, entertainment, and some routine activities. The most commonly used
product was the phone, including smart and non-smartphone, and telephone. However,
for computers and the Internet, more than half of the older adults indicated that they
had heard of but never used these technologies. For older adults particularly, computers
are more complex than mobile phones both physically and cognitively. Also, older
adults may not intend to use internet explorer because it always requires typing which
is difficult for them.

The results also showed that older adults rarely used ICTs to do remote monitoring,
healthcare, or online services activities. Older adults are not familiar with these rela-
tively complex or innovative activities using ICTs. Social communication and enter-
tainment are the two most frequent activities that older adults in Hong Kong use ICTs
for. The findings here are consistent with Mitzner et al. [16] who found that older adults
mainly use technology for the basic purposes of communication and entertainment. It
seems that adoption of technology may be affected by the level of technological
innovativeness and complexity.

4.2 Perceived Benefits

This study validated the idea that perceived benefits positively affect the intention of
older adults to make further use of ICT innovations. It has been found that most older
adults acknowledged the positive impact of ICTs on their quality of life, and the
benefits that ICTs could provide [9]. Older adults have also been found to recognize the
benefits of technological devices as well as the importance and usefulness of these for
everyday life [38]. Perceived usefulness has also been found to be a significant pre-
dictor of Internet use intention [11]. Positive attitudes were most frequently related to
how the technology supported activities, enhanced convenience, and contained useful
features. Consistent with prior studies, older people in this study incorporated ICT in
their daily lives according to its usefulness, they use technology wi