


Aging, Technology and Health



This page intentionally left blank



Aging, Technology
and Health

Edited by

Richard Pak
Clemson University, Clemson, SC, United States

Anne Collins McLaughlin
North Carolina State University, Raleigh, NC,
United States



Academic Press is an imprint of Elsevier

125 London Wall, London EC2Y 5AS, United Kingdom

525 B Street, Suite 1800, San Diego, CA 92101-4495, United States

50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States

The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom

Copyright © 2018 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical,

including photocopying, recording, or any information storage and retrieval system, without permission in writing from

the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies and our

arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be

found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as

may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden our

understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any

information, methods, compounds, or experiments described herein. In using such information or methods they should

be mindful of their own safety and the safety of others, including parties for whom they have a professional

responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for

any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any

use or operation of any methods, products, instructions, or ideas contained in the material herein.

British Library Cataloguing-in-Publication Data

A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data

A catalog record for this book is available from the Library of Congress

ISBN: 978-0-12-811272-4

For Information on all Academic Press publications

visit our website at https://www.elsevier.com/books-and-journals

Publisher: Nikki Levy

Acquisition Editor: Emily Ekle

Editorial Project Manager: Barbara Makinster

Production Project Manager: Kiruthika Govindaraju

Cover Designer: Limbert Matthew

Typeset by MPS Limited, Chennai, India

http://www.elsevier.com/permissions
https://www.elsevier.com/books-and-journals


Contents

List of contributors ix

Preface xi

1 Rethinking technology development for older adults:

A responsible research and innovation duty 1

Wiktoria Wilkowska, Philipp Brauner and Martina Ziefle

Starting point: Challenges for aging societies 1

Study I: Health assistance at home 6

Study II: Serious exercise games in AAL 14

Discussion and limitations 21

Responsible research and innovation in technology development

for older adults 24

Acknowledgments 26

References 26

2 Challenges associated with online health information
seeking among older adults 31

Ronald W. Berkowsky and Sara J. Czaja

Older adults and ICT use 32

Information search strategies 34

Physical barriers 35

Cognitive ability 37

Literacy 38

Attitudes toward technology 41

Addressing the challenges older adults face 42

References 45

3 Improving older adults’ comprehension and use of patient

portal-based health information 49

Renato F. L. Azevedo and Daniel G. Morrow

Introduction 49

The role of education, knowledge and health literacy in EHR portal use 52

The role of numeracy skills in EHR portal use 53

Affective responses, gist comprehension and decision making 55

Enhancing EHR portal message formats to support older adult’s self-care 57

Conclusion 70

References 72



4 Bringing older drivers up to speed with technology:

Cognitive changes, training, and advances in

transportation technology 81

Robert Sall, HeeSun Choi and Jing Feng

Introduction 81

Age-related changes in sensory, perceptual, and cognitive

functions 82

Countermeasures for increased crash risks among older drivers 89

Summary 100

References 101

5 Technological supports to increase nature contact for older adults 113

Dina Battisto, Ellen Vincent and Cheryl J. Dye

Introduction 113

Promoting health is essential for older adults to maintain a

high quality of life 114

Growth of the aging population and challenges to maintaining health 114

Quality of life indicators for older adults 116

Technology supports for quality of life 119

Natural environments are therapeutic 120

Health benefits of nature 120

Technological supports connecting older adults to nature are

showing promise as vehicles for health promotion 123

Use of simulated natural environments to promote health 123

Technological supports for increasing nature contact 127

References 130

Further reading 133

6 Design and development of an automated fall risk assessment

system for older adults 135

Ruopeng Sun, Vignesh R. Paramathayalan, Rama Ratnam,

Sanjiv Jain, Daniel G. Morrow and Jacob J. Sosnoff

Aging, falls, and technology 135

Automated fall risk assessment system 137

Fall risk assessment 138

Preliminary results 139

User feedback and system refinement 142

Discussion 143

Future directions 143

Acknowledgment 144

References 144

7 Checking-in with my friends: Results from an in-situ
deployment of peer-to-peer aging in place technologies 147

Yifang Li, Subina Saini, Kelly Caine and Kay Connelly

Introduction 147

vi Contents



Related work 149

SOLACE in-home PeerCare technologies for urban

low-SES older adults 150

Privacy concerns and “DigiSwitch” 154

Methods 158

Results 160

Discussion 166

Conclusion and future work 173

Acknowledgments 174

References 174

8 Enhancing social engagement of older adults through technology 179

Michael T. Bixter, Kenneth A. Blocker and Wendy A. Rogers

Introduction 179

Social engagement 180

The value of social engagement for health outcomes 182

Barriers to social engagement for older adults 187

Using technology to foster social engagement 191

Current dissemination of social engagement technologies 196

Recommendations for social engagement technologies 202

Conclusion 204

References 204

Further reading 214

9 Virtual cognitive training in healthy aging and mild cognitive

impairment 215

Chandramallika Basak and Shuo Qin

Cognitive declines in healthy aging and MCI 216

Behavioral interventions to enhance cognition 218

Discussion 226

References 229

Further reading 235

10 Social agents for aging-in-place: A focus on health education and

communication 237
Jenay M. Beer and Otis L. Owens

Introduction 237

Social agents for health education and decision making 240

Social agents for health communication applications 242

Challenges in implementation 245

Social agents for health education and communication: Future

opportunities 248

Summary 251

References 252

Further reading 258

viiContents



11 Design of human centered augmented reality for managing

chronic health conditions 261

Anne Collins McLaughlin, Laura A. Matalenas and

Maribeth Gandy Coleman

The potential role of AR in managing chronic health conditions 261

Definition and examples of augmented reality 262

Type 2 diabetes: A case study for AR, aging, and health 280

Conclusion 285

References 286

Index 297

viii Contents



List of contributors

Renato F. L. Azevedo University of Illinois at Urbana-Champaign, Champaign,

IL, United States

Chandramallika Basak Center for Vital Longevity, University of Texas at Dallas,

Richardson, TX, United States

Dina Battisto Clemson University, Clemson, SC, United States

Jenay M. Beer University of South Carolina, Columbia, SC, United States

Ronald W. Berkowsky University of Miami School of Medicine, Miami, FL,

United States

Michael T. Bixter Arizona State University, Tempe, AZ, United States

Kenneth A. Blocker University of Illinois at Urbana-Champaign, Champaign, IL,

United States

Philipp Brauner RWTH Aachen University, Aachen, Germany

Kelly Caine Clemson University, Clemson, SC, United States

HeeSun Choi North Carolina State University, Raleigh, NC, United States

Maribeth Gandy Coleman Georgia Institute of Technology, Atlanta, GA, United

States

Kay Connelly Indiana University, Bloomington, IN, United States

Sara J. Czaja University of Miami School of Medicine, Miami, FL, United States

Cheryl J. Dye Clemson University, Clemson, SC, United States

Jing Feng North Carolina State University, Raleigh, NC, United States

Sanjiv Jain Carle Foundation Hospital, Urbana, IL, United States



Yifang Li Clemson University, Clemson, SC, United States

Laura A. Matalenas North Carolina State University, Raleigh, NC, United States

Anne Collins McLaughlin North Carolina State University, Raleigh, NC,

United States

Daniel G. Morrow University of Illinois at Urbana-Champaign, Champaign, IL,

United States

Otis L. Owens University of South Carolina, Columbia, SC, United States

Vignesh R. Paramathayalan Advanced Digital Sciences Center, Illinois at

Singapore PTE Ltd, Singapore, Singapore

Shuo Qin Center for Vital Longevity, University of Texas at Dallas, Richardson,

TX, United States

Rama Ratnam University of Illinois at Urbana-Champaign, IL, United

States; Advanced Digital Sciences Center, Illinois at Singapore PTE Ltd,

Singapore, Singapore

Wendy A. Rogers University of Illinois at Urbana-Champaign, Champaign, IL,

United States

Subina Saini Clemson University, Clemson, SC, United States

Robert Sall North Carolina State University, Raleigh, NC, United States

Jacob J. Sosnoff University of Illinois at Urbana-Champaign, IL, United States

Ruopeng Sun University of Illinois at Urbana-Champaign, IL, United States

Ellen Vincent Clemson University, Clemson, SC, United States

Wiktoria Wilkowska RWTH Aachen University, Aachen, Germany

Martina Ziefle RWTH Aachen University, Aachen, Germany

x List of contributors



Preface

Technology has been used by people of all ages to help manage their health, from

the first branch crafted into a toothbrush to a home glucose monitor for people with

diabetes. People over 65 now have many technologies to track everything from

activity to diet to medication. Most of these include a social dimension for sharing

health information, progress, and goals with loved ones or healthcare providers.

However, as is often true with a boom in new technology, these health technologies

do not always take into account the ease of use for older adults. For example,

smartphones are often the gateway and controller to many health technologies. But

the smartphone form factor may not be the optimal choice, merely the most conve-

nient. Such usability issues become even more apparent when the user has age-

related challenges in vision, hearing, cognition, and movement control.

How can we ensure that technology facilitates health at older ages? How can we

ensure that technologies are easy to use? Given the sensitive and personal nature of

health, how can information be kept private while communicating what is private

(and what is not) to users? What are best practices for design in safety-critical tasks,

such as driving? What are the best ways for technology to bring people together?

What advice do we give regarding emerging technologies before they hit the mar-

ket? These are the core questions addressed in this volume: technology adoption,

basic human factors, cognitive aging, training, mobile technology, aging and usabil-

ity, privacy, and trust of automation.

This book covers the challenges and solutions involved in designing health tech-

nologies for the older user. The chapter authors apply a problem-centered approach

to understanding how different knowledge and methods of human factors apply to

older adults’ use of technology for health. Each chapter discusses the human factors

design challenges associated with older adults’ use of a specific type of health tech-

nology, often with principles, guidelines, or recommendations for translating this

knowledge into application.

Each chapter represents a unique problem that is studied by a different set of

researchers with unique perspectives. Through these chapters and topics, the reader

will gain a better understanding of how current and future technology can assist

older adults and enhance their health and well-being. The key takeaways from these

chapters include an understanding of the process of problem identification, develop-

ment of evidence-based solutions, and, finally, methods of evaluation.

The chapters in this book are organized into present-day application and future

research directions. In the first chapters, authors discuss how existing human factors

methodologies, ideas, and concepts can be immediately applied to enhance the

health and wellbeing of older adults in domains such as transportation, the built



environment, and online health information. Each of the chapters propose unique

solutions using various methods. The second part of the book retains a focus on

older adult well-being, but looks into the future. Authors review cutting-edge

technologies, such as social robots, ubiquitous and pervasive computing, privacy

in an increasingly shared world, and design of virtual cognitive training and

augmented reality for health promotion.

Design for aging is crucial yet lacking, and nowhere is that more apparent than

in products for health. Our chapter authors are deeply invested in not only enhanc-

ing our scientific knowledge base, but also the practical problems of solving these

present and future concerns to make growing older easier through well-designed

technology. With the general goals of improved quality of life, extending indepen-

dence, and addressing specific diseases, this book aims to inspire other researchers

to continue the difficult and fine balance of conducting scientifically rigorous work

that enhances the well-being of adults in what should be a vibrant stage of life.

xii Preface



1Rethinking technology

development for older adults:

A responsible research

and innovation duty
Wiktoria Wilkowska, Philipp Brauner and Martina Ziefle

RWTH Aachen University, Aachen, Germany

Starting point: Challenges for aging societies

Motivation

One of the largest and most powerful trends of our time is the global demographic

shift resulting from changes in the population structures of many nations (Bloom,

Canning, & Fink, 2010). Thereby, globally the population aged 60 years and over is

growing at the fastest pace (United Nations, 2009). Rapid population aging and the

development of the main drivers of the demographic change (i.e., increased life

expectancy, birthrate decline, and migration) trigger complex social, political, and

socioeconomic consequences, with which many nations already find themselves

confronted.

Such consequences have become noticeable in Germany and are in line with

many other Western societies: Public sector, which is especially affected by the

demographic development, refers in particular to the statutory social insurance

schemes, where, there is a strong link between service provision and age (Arnds &

Bonin, 2002). Thus, financing of social insurance systems is strained and policy-

makers face difficult decisions about changes to the benefit structures and taxes to

support the so-called graying society. In addition, it is uncertain how economies

will fare due to the demographic transition and how policies will affect the global

flows of labor and capital in the economic development (Arnds & Bonin, 2002;

Little & Triest, 2001; Wilkowska, 2015).

The globally increasing number of people aged 60 years and over as well as the

extended life expectancy result in the increased likelihood of chronic diseases

which, according to WHO, mostly manifest in the later stages of life (WHO,

2003). Consequently, less people are contributing to health and welfare systems

that more and more people depend on. This fact is connected to a substantial

increase of costs in the area of healthcare and nursing services (Little & Triest,

2001). In addition to the financial bottlenecks due to the increasing treatment and

nursing requirements, some issues from the medical supply chain arise. In the last

decades, several weaknesses in the German healthcare system have become

Aging, Technology and Health. DOI: http://dx.doi.org/10.1016/B978-0-12-811272-4.00001-4
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apparent (Leonhardt, 2006; Wilkowska, 2015). A combination of lower fertility

rates and higher longevity of the society results in a number of those needing nurs-

ing care which is significantly higher than the number of persons who can offer the

health support. This applies to physicians as well as nursing staff (Korzilius, 2008;

Terschüren, Mensing, & Mekel, 2012).

These facts and the resulting challenges in various public spheres require effec-

tive, innovative, and efficient solutions. To obviate, as far as possible, the onset of

chronic illnesses in the graying society, long-term prevention measures, constant

health monitoring, and early diagnostics gain importance. These actions to be taken

are the first step to generally achieve better health and, at the same time, to reduce

health-related costs. For instance, targeted prevention programs regarding fitness

and/or diet regulation can be realized during younger ages of individuals. For those

who already suffer from a chronic condition (CC)—and this topic is specifically

addressed in the below presented studies—a powerful disease management should

be established (i.e., a sensible, as much as possible unobtrusive monitoring of rele-

vant vital parameters and a continuous dialog with the supervising medical staff).

Moreover, an efficient system should be created to include supply structures as well

as inpatient and outpatient, curative, rehabilitative, and nursing services.

One possible solution to achieve such ambitious goals lies in the use of technol-

ogy or, more specifically, of advancements in ubiquitous computing in combination

with sophisticated, intelligent sensor networks (Holzinger, Röcker, & Ziefle, 2015;

Nehmer, Becker, Karshmer, & Lamm, 2006; Yan, Huo, Xu, & Gidlund, 2010).

Modern technologies which are integrated in home environments have a huge

potential to assist elderly and individuals with CCs in their daily life: They can

support their independency, sovereignty, and autonomy, uphold their social net-

work, and maintain the comfort of living in familiar surroundings, rather than relo-

cate in a nursing home or a long-term rehabilitation clinic (Wilkowska, 2015).

Technologies that support health, well-being, a balanced and satisfactory lifestyle,

be it sports programs, serious exercise games, appropriate dietary programs and/or

a vital parameter monitoring system individually adapted to the inhabitant’s needs,

are feasible and can be realized even with existing devices.

In the areas of health prevention, cure, and rehabilitation, electronic health

(eHealth) and electronic homecare (eHomecare) provide a meaningful framework

for both the users and the healthcare that is useful to be focused from the user-

centered perspective. Taking as an example diseases with the highest prevalence in

today’s society, cardiovascular diseases—e.g., acute cardiac infarction, cardiac

insufficiency, disturbed blood flow through cardiac muscle—are the leading cause

of death in Germany, causing a total of about 40% of all deaths (Destatis, 2014).

According to experts, people who have suffered from a cardiovascular disease are,

firstly, urged to regularly monitor their vital signs, such as blood pressure, heart

rate, body weight, temperature, and coagulation. Secondly, these persons must,

under certain circumstances, strictly adhere to their prescribed medication intake,

follow special dietary requirements, and absolve trainings to maintain physical

health (Klack et al., 2011; Lee, 2010). Here, eHealth technology embedded in their

home environment could assist with many of these obligations commonplace for

2 Aging, Technology and Health



heart patients or vulnerable persons, e.g., the storage and transmission of the health

data (Eloy, Plaćido, & Duarte, 2007). The two empirical studies presented later in

this chapter leverage such assistive home environment that supports its inhabitant(s)

to meet their health requirements.

To reach a successful adoption of health-supporting technologies, however, high

acceptance, high perceived meaningfulness of its use, and, therefore, high intention

to use are needed. According to the Extended Unified Theory of Acceptance and

Use of Technology Model (UTAUT 2; Venkatesh, Thong, & Xu, 2012), the use

behavior is directly linked to the behavioral intention to use a technology system

which, in turn, is modeled by different influencing factors, such as, among other

things, expected performance of the system, hedonic motivation to use it, and social

influence, which can be reached by using it. In addition, the intention to use tech-

nology is moderated by user factors, like age and gender which considerably impact

on the willingness to use such technologies (Wilkowska, Gaul, & Ziefle, 2010;

Wilkowska, Himmel, & Ziefle, 2015; Ziefle & Schaar, 2011). Using UTAUT 2 as a

theoretical framework, the two presented research studies dedicate special attention

to the user factors and identify perceived benefits and barriers that relate to the

acceptance of two distinct healthcare applications.

A consequent consideration of the users’ perceptions on technology innovations

and their acceptance to use novel technologies—especially in the area of health-

supporting ambient technologies—is particularly important for older users as the

main target group of homecare environments. It has been shown that seniors desire

to keep a livelong independency in their own “four walls” as this allows for a high-

er life quality in a conversant environment (e.g., Wilkowska & Ziefle, 2011) and

preservation of their intimacy, self-reliance, and autonomy, as opposed to living in

an old peoples’ homes (Dewsbury & Edge, 2001; Mynatt, Melenhorst, Fisk, &

Rogers, 2004). In this regard, the idea of technology-enhanced homes fits perfectly

with older adults’ attitudes. However, on the other hand, older adults were found to

face greater difficulties in general in dealing with technology. A high usability of

devices in line with smart interfaces are vital prerequisites of universal access

(Pak & McLaughlin, 2010; Pak, Price, & Thatcher, 2009), seniors’ perception of

the usefulness of such a technology, and, eventually, making use of the technology

(Pak & McLaughlin, 2010; Wilkowska & Ziefle, 2009). In addition, older adults’

experience with technology is grounded on completely different forms, appear-

ances, and types of technologies which do not match the seamlessly integrated

smart home technology (Arning & Ziefle, 2007a; Gaul & Ziefle, 2009). The ambi-

ent technology which is possibly not even visible for them (as it is integrated into

the surrounding) could elicit unfamiliar and even embarrassing feelings. In the tra-

ditional view, the home environment is highly intimate and perceived as being safe

and comfortable. For older adults and their mental model of technology this seems

to be not easily combinable with smart care technology as an integral part of their

living space. In this context, privacy concerns and supposed loss of intimacy as

well as the feeling of being continuously monitored is a serious barrier (Wilkowska

et al., 2015; Ziefle, Himmel, & Wilkowska, 2011). Nobody likes a vision of tech-

nology that stigmatizes them as old, ill, and dependent, particularly since there is

3Rethinking technology development for older adults



still a quite negative image of elderly prevailing in public perceptions of societies

as well as in working and family environments (Iweins, Desmette, Yzerbyt, &

Stinglhamber, 2013; John, 2013; Ziefle & Schaar, 2014). Thus, from a social point

of view, the integration of technology into the sanctuary of the “own four walls” is

a delicate issue and needs to be developed with sensitivity (Stronge, Rogers, &

Fisk, 2007; Wilkowska et al., 2015; Ziefle & Schaar, 2014; Ziefle et al., 2011).

Understanding older adults’ concerns, their requirements, social values, and hopes

in the context of a technology that really supports them is inevitable (Ziefle &

Schaar, 2014). Thus, a successful adoption of smart-home technologies is inextrica-

bly linked with an understanding of the users, but also their unhesitant willingness

to use and integrate technical devices in their personal spaces.

The research objectives and chapter structure

The main aim of this chapter is to show our idea of a smart home: An environment

that contains useable medical applications merged into one ubiquitous system that

can simplify its users’ life in different areas. The main research goal was to exam-

ine intention to future use of different health-supporting applications after interac-

tion with them in an experimental setting. We describe two studies, referring to the

evaluation of two exemplary applications: Firstly, to the health aspect based on

measurements of vital parameters necessary in case of a cardiovascular disease

(see “Study I: Health assistance at home” section), and secondly, to the aspect of a

person’s physical mobility in the context of serious games (see “Study II: Serious

exercise games in AAL” section).

Both applications were created using the design process by Gould and Lewis

(Gould & Lewis, 1985) that builds on three principles: (1) Early focus on the users

and their tasks; (2) An iterative design process; and (3) empirical measurement of

the product use. For a better understanding, we introduce Maria who is an (imagi-

nary) prototypic inhabitant of the smart home. Maria is one of several archetypal

personas, a common method in user-centered design (Cooper, 1999), that guided

the development of the Ambient Assisted Living (AAL) Lab between participatory

user studies. As a potential persona (LeRouge, Ma, Sneha, & Tolle, 2013) in terms

of a prototypic older adult as target user of smart home technology, Maria is 74

years old, lives alone, and, as a result of a cardiac infarction she suffered a few

years previously, she must keep track of some vital parameters daily (i.e., blood

pressure, weight) and consult her doctor within certain time intervals. Additionally,

she has some mild, age-related physical impairments, but she is generally in rela-

tive good health and interested in maintaining her independence within her “own

four walls.”

The two studies reported subsequently in this chapter will show meaningful

health applications for persons in similar situations and with comparable ailments

as Maria. In the first one, a health-assistive application that is embedded into the

living environment and allows to monitor relevant vital parameters is evaluated.

The intention to use the health-supporting ambient technology after an interaction

with the system is the main research subject. The second study reports on serious
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games for physical exercise in the technology-augmented habitat. Here, apart from

the rendered performance and factors influencing the willingness to play the game,

factors affecting the intention to use the ambient technology in the entertaining con-

text will be presented.

Future Care Lab© and its applications
as experimental environment

The studies to be described in the following were conducted in the Future Care

Lab© at RWTH Aachen University. This environment resembles a living room of

comfortable size (25 m2) and enables the integration of different existing and proto-

typic medical technologies. Following the user-centered design approach (Gould &

Lewis, 1985), this environment is used to include the users’ perspective into the

design and development of upcoming medical technologies, since their feedback is

very valuable for the desired user acceptance and can be integrated into later stages

of the design process. In the next iterative cycle then, a further evaluation and opti-

mization of the ambient system begins (participatory design approach).

The idea was to make use of currently available technologies and integrate them

into an overall consistent usage concept. Thus, the Future Care Lab© was meant to

be a medical and living environment at the same time: i.e., the room should, on the

one hand, provide the necessary medical equipment and assistance features without

compromising comfort, and, on the other hand, preserve the intimacy and personal

privacy of a living room (Klack et al., 2011). For the communication interface,

which is the key requirement for remote diagnostics and communication between

patient and physician, the room was equipped with high-definition cameras and a

wall-sized interactive display as presented in Fig. 1.1. The multi-touch, sensitive

display-wall serves as a screen and an input device for various applications

(Heidrich, 2015; Kasugai, Ziefle, Röcker, & Russell, 2010), ranging from monitor-

ing of relevant health parameters, medication, nutrition, and exercise management

Figure 1.1 Future Care Lab© with its interactive wall display, serving as the visual

communication tool and a diagnostic interface in the patient�doctor communication:

(A) unobtrusive interior of the living lab environment, (B) schematic visualization of the

health-monitoring system (side table: blood pressure and coagulation; wall: body

temperature; floor: weight).
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to daily multimedia entertainment (e.g., serious games (Brauner, Holzinger, &

Ziefle, 2015), movies), virtual environments (e.g., myGreenSpace, meetingMeEating

(Röcker & Kasugai, 2011)), or meetings with physicians, family, and friends (Beul

et al., 2010). Focusing on the health aspect (the main objective of the Study I

described later) this feature allows the inhabitant to measure vital signs and easy

access their data as well as their medication histories without using different devices

and without having to manually recording the results for a (video) consultation with

their physician.

The term Ambient Assisted Living (AAL) describes the basic idea behind the

development of the living lab: A space to foster the emergence of systematic

innovations for the autonomous living of elderly and individuals with chronic ill-

nesses which, on the one side, increases the quality of their lives, and, on the

other side, reduces the expenditures of the possibly necessary nursing care. Such

smart homes that include innovative smart health concepts, reaching from elec-

tronic health monitoring to serious gaming as will be described in the second

study, are meant to be individually suited to the resident(s), adaptive to the

(changing) needs (e.g., disease progress), and sensitive with regard to the living

conditions (Klack et al., 2011).

Study I: Health assistance at home

The first study was intended to examine if potential users, after a real interaction

with the health-supporting application, would use such assistive systems at home in

the future. For this purpose, an experimental study with middle-aged and older indi-

viduals was performed in the Future Care Lab©. The target group were persons

with chronic heart conditions, who have to monitor some of their health parameters

on a daily basis. Their opinions were compared to those of individuals without any

ailments.

Getting back to the example of Maria, the main question was whether she

intends to use the application in the future, which is meant to simplify measuring

and recording her vital parameters, ease the storage of her health data, and facilitate

communication with the responsible physician in case of deterioration of the rele-

vant values. In the following, the experimental design and procedure of the first

study are described.

Materials and methods

Research method

As the aim was to get an impression of the real use of the assistive system, this

study was designed to examine how persons with chronic heart conditions can

effectively monitor their relevant vital signs by means of unobtrusively integrated

specific medical devices in a domestic environment. For this purpose, the parti-

cipants were asked to perform two exemplary measurements, common for
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heart patients: The first was taking their blood pressure (via a standard sphygmo-

manometer, comprising an inflatable cuff to restrict blood flow and a manometer

to measure the pressure), the second was a weight measurement (via a digital scale

integrated in the floor). Both are, according to experts, reliable parameters for

(negative) changes in cardiovascular processes of the human body. Participants

were requested to use the health-app of the system (Fig. 1.2A, top left) which initi-

ates the particular measurement and, afterwards, to appropriately save the data in

the system. The app also provides the possibility to compare the current result with

previous results (imaginary but strongly related to the real one) in a measurement

overview (Fig. 1.2B, bottom right).

Between the trials and after interaction with the health application of the sys-

tem, the individuals were asked to assess if they would use such technology at

home, provided that the circumstances are acceptable—i.e., transparent financ-

ing, technical maintenance, telemedical servicing. In a semistructured interview

as well as using the method of a quantitative questionnaire, participants answered

questions such as: “Can you imagine using an eHealth system like this in your

home in the future?” and “Do you think you would like to frequently use such

technology system in the future?” The questions based on the original items for

behavioral intention in UTAUT 2 (Venkatesh et al., 2012) were adjusted to the

purposes of the present study. The statements in the questionnaire had to be rated

on a five-point Likert scale ranging from “strongly disagree” (51) to “strongly

agree” (55). In addition, opinions about the system’s usability, assessed via the

System Usability Scale (Brooke, 1996), and general perceptions pertaining to the

reliability of the system, data security, and personal privacy were collected (for

details see Wilkowska, 2015).

Figure 1.2 Control panel on the large wall screen in the Future Care Lab©: (A) front panel

for different applications; (B) the health-app tailored to Marias needs of monitoring vital

parameters relevant for the cardiovascular system.
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Experimental procedure

Experimental testing was carried out within a period of about two weeks. The ses-

sions were held individually and in German, the native language of all participants.

Before the experiment started, each participant was asked about special needs as

well as objections or restrictions with respect to the planned study. The experimen-

tal trials took on average 20�30 minutes.

In the first step, the participants were introduced to the concepts of AAL and

telemedicine to provide an idea of the broad possibilities connected to eHealth

technology in a domestic environment. Monitoring of vital parameters in a

comfortable way at home and the reminder function to do so, an efficient digital

transmission of the sensitive health data, facilitated patient�physician

communication and exchange with other patients or support groups on the Internet.

To evaluate the interaction with the technology, participants had to perform two

tasks—taking their blood pressure and body weight using the health-app on the

system. Each action was previously demonstrated by the experimenter. After each

measurement, the participants were requested to interact with the app by taking a

look at the weekly or monthly overview of particular results. Fictitious values for

the previous weeks and months were generated automatically, using an algorithm

based on the real measurement. During the interaction, the participants were

informed that the storage and transmission of their personal health data would take

place via secure, specialized medical services which would facilitate the communi-

cation with medical staff. There was also no time limit for the user’s interaction

with the health-app. After each measurement and the subsequent interaction, parti-

cipants assessed the functionality and usability of the system. They also filled in a

questionnaire to evaluate their willingness of using the technology in future (as

described in “Research method”).

In the final part of the experimental session, interviews gave participants the

opportunity to comment on their perceived advantages and disadvantages in com-

parison to current solutions in the healthcare sector. This gave the researchers an

idea of the general attitude toward the future use of such complex and sophisticated

technologies in the domestic setting.

Participants of the Study I

To get volunteers to participate in this experimental study, posters were placed in

local hospitals in cardiology departments and public places for about three weeks.

Attending the experiment was voluntary and was neither compensated with pay-

ments or other incentives, nor were any direct or indirect health benefits promised

or suggested to the test group.

A total of 25 German adults between the ages of 35 and 86 years (M5 61.1,

SD5 12.4) participated in the study, 56% of them female. More than half of the

participants (52%) reported to suffer from some kind of chronic heart disease (e.g.,

tachycardia, myocardial infarction, coronary heart disease), and as many to regu-

larly visit a physician to check their actual health status. In the group with chronic
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conditions (CCs), all persons used medical assistive devices to monitor relevant

vital signs (e.g., blood pressure, heart rate, weight, body temperature); the majority

(70%) reported to write down the results of the measurements by pen and paper. In

the group with healthy participants (H), only one person reported to use medical

devices on a regular basis and to visit a physician periodically for checkups.

The participants presented different educational levels: 52% reported a university

degree (including business administration, domestic science and nutrition, psychol-

ogy, mechanical engineering, teaching profession, biology, etc.), 20% completed a

vocational training, and 28% indicated secondary school qualifications. When asked

about their current or last profession before their retirement, various occupational

fields were named, e.g., psychologists, doctor’s assistants, engineers, administrative

assistants, teachers, business economists, translators, etc. In this way, the presented

study reflects a broad spectrum of users.

Research variables

To examine the intention for a future use of the eHealth technology by different

users, the following research variables were involved in the statistical analyses.

Independent variables: The first independent variable was the age of the tested

persons. Here, middle-aged (age range: 35�59 years; M5 51.4, SD5 6.6; n5 13)

and people in the older adulthood (age range: 60�86 years; M5 71.6, SD5 7.7;

n5 12) were compared. In addition, the participants’ self-reported health status

(chronic heart condition (n5 13) versus healthy/without heart condition (n5 12))

distinguished between the participants. Also, gender-specific perceptions (males

(n5 11) vs females (n5 14)) were contemplated in the analyses.

Dependent variables: The main focus lies on the intention to use (ItU) the com-

plex but, at the same time, versatile technology which is integrated into the residen-

tial area. Methodologically, this topic is considered from both the qualitative and

quantitative point of view. In the quantitative analysis, the two assessments about

the intention to use eHealth in the future, evaluated after each measurement event,

were merged to form a single variable (ItU: min.5 2, max.5 10). The other depen-

dent variables are the fun (“I had fun using the system”) and the perceived mean-

ingfulness of the use (“I consider the monitoring of my vital parameters (e.g., blood

pressure and weight) with the help of integrated technology at home reasonable”).

The latter two had to be rated on a five-point scale as described earlier.

Results of Study I

The results of the first study mainly focused on the users’ intention to use complex

assistance technologies in a smart home environment, here exemplified by the

health context as to allude to the strain of increasing numbers of older people and

persons who need medical monitoring. In the following, it is firstly analyzed how

the intention to use such eHealth technology correlates to the enjoyment of its use

and its perceived meaningfulness, as well as how all the research variables are con-

nected. Secondly, it is examined whether there are fundamental differences between
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users who either promote or negate the intention to use the system. Thirdly, a quali-

tative analysis will provide a complementary picture of the opinions about intended

future use.

For the analyses of the results, different statistical techniques were chosen,

depending on the properties of the data, number of the variables and groups, and in

accordance with the achievement of the statistical assumptions. When possible,

parametric methods were preferred. The cut-off for the significance level in all sta-

tistical analyses lies by 5% (P5 .05), the effect size is calculated with eta squared

(η2), the values of which can range from 0 to 1 and indicate the strength of effect

sizes (Cohen, 1988).

Relationships between research variables

To gain a general impression of the associations between the research variables,

Pearson product�moment correlation coefficients (parametric analysis between

continuous variables) and Spearman’s rho correlation coefficients (nonparametric

alternative) were generated, depending on the respective data structure. Table 1.1

summarizes the strengths of the particular relationships.

From the correlation analysis’ results, it is evident that age is strongly associated

with the intention to use the ambient technology (r5 0.53, P, .01) and with the

meaningfulness of its use (r5 0.40, P, .05), which means that both get higher

with increasing age. The above coefficients affirm the fact that with increasing age

the occurrence of the chronic heart diseases grows (r5 0.48, P# .01), and there is

a substantial positive association with the intention to use the eHealth technology

(r5 0.43, P, .05): Persons with chronic heart condition showed higher willingness

to utilize it than the healthy participants. In contrast, for gender there is no evidence

of links to the focused aspects (n.s.).

From Table 1.1, also high positive relationships between the focused dependent

variables become evident. The intention to use the technology is positively related to

the perceived meaningfulness of use (r5 0.42, P# .05) and fun (r5 0.49, P# .05);

the latter two, in turn, are strongly associated with each other (r5 0.63, P# .001).

Table 1.1 Bivariate correlation coefficients between the research
variables (gender: male5 1, female5 2; health status:
healthy5 1, chronic heart condition5 2) (N5 25)

Age Gender Hs ItU F M

Age 1 � 0.48� 0.53�� 0.13 0.40�

Gender 1 2 20.07 0.15 0.09

Health status (Hs) 1 0.43� 20.15 0.22

Intention to Use (ItU) 1 0.49� 0.42�

Fun (F) 1 0.63���

Meaningfulness (M) 1

���P, .001; ��P, .01; �P, .05.
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These substantial relationships among the target variables give reason to take a closer

look at the effects of different users on the future usage behavior in the health

context.

User differences

In the next step, the effects of the independent variables on the intention to use,

fun, and perceived meaningfulness with respect to the use of ambient health-

supporting technology are examined. To compare the research groups according to

the properties of the data, independent-samples t-tests were used.

Since, in the context of eHealth technology, the physical health of the inhabi-

tants can be decisive for an opinion of its use, the first analysis refers to a compari-

son between persons with chronic heart conditions and healthy individuals. The

t-test revealed significant differences with respect to the intention to use eHealth in

the future between these research groups [t(23)5 2.3, P5 .033, η25 0.17]. Those

who suffered from illness wanted, almost without exception, to use the technology

in the future (M5 9.7 out of 10 points, SD5 0.6). In the healthy group, the opi-

nions in this regard were positive too, but much less pronounced (M5 7.7, SD5 3).

The mean differences are depicted in Fig. 1.3. Apparently, all participants had a

positive attitude towards the technology innovation as the average values were

high. However, people with chronic diseases see more benefits in the use of techni-

cal assistance (at least in the context of the health-app) in comparison to persons

without permanent ailments. Moreover, the health status had no significant effect

on the perceived fun with the technology [t(23)5 1.1, n.s.] and the perceived mean-

ingfulness of its use [t(23)5 1.2, n.s.].

In addition to the health aspect, it is also of interest whether the age factor influ-

enced the opinions about willingness for future use of a medical assistance system

in the home environment. The analysis revealed that the examined age groups sig-

nificantly differed in regard to the intention to use [t(23)522.5, P5 .025,

η25 0.22] and the perceived meaningfulness of the use [t(23)522.9, P5 .012,

Figure 1.3 Main effect of the health status on the intention to use eHealth technology

at home [t(23)5 2.3, P, .05].
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η25 0.26]. Here, older participants showed averagely higher, almost the maximum

possible intention to use eHealth (M5 9.8 out of 10 points, SD5 0.4) and consid-

ered the monitoring of their vital parameters by means of the medical assistive

system invariably more meaningful (M5 5 of 5 possible points, SD5 0) than the

middle-aged individuals (ItU: M5 7.8, SD5 2.9; meaningfulness: M5 4.4,

SD5 0.7). The effect of age is visualized in Fig. 1.4. With respect to the evalua-

tions of fun after the interaction with the system, both age groups showed high

mean values (middle-aged group: M5 4.6, SD5 0.8; old age group: M5 4.8,

SD5 0.4); the differences were not significant [t(23)520.9, n.s.].

In the final step, it was examined whether the gender factor influenced opinions

in a relevant way. The independent-samples t-test analysis revealed no statistical

significance for gender differences [ItU: t(23)521, n.s.; fun: t(23)5 0.6, n.s.;

meaningfulness of use: t(23)5 0.7, n.s.]: Men and women reached similarly high

mean values in all the mentioned aspects. These results testify that, unlike previous

technology generations, gender no longer splits the users with respect to the latest

technological achievements. On the contrary, women and men are equally willing

to use, have comparable fun with, and consider the technical medical assistance at

home meaningful to the same extent.

Intention to use eHealth: Qualitative analysis

To complement the research analysis, in this section a brief report of the qualitative

results will be offered. The benefits of qualitative methods, like interviews, are not

only a far more personal form of research, but working directly with the respondent

eases the expression of opinions and impressions, and it also allows for follow-up

questions or redirection if someone strays from the topic.

As was described in “Experimental procedure” section, after the interaction with

the ambient assistive system in the Future Care Lab© and the subsequent comple-

tion of the questionnaire, participants were involved in a short, semistructured inter-

view. Therein, they had to respond, among other things, to the question whether

Figure 1.4 Main effect of age: (A) on the intention to use eHealth technology at home

[t(23)522.5, P, .05]; (B) on perceived meaningfulness of use [t(23)522.9, P, .05].
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they could imagine (or not) using a technical system like the one used in the test

experiment in their homes in the future.

According to the final statements, more than three quarters of the participants

(n5 19; which makes 76%) showed a positive attitude towards the (future) use of

the system after their interaction with the prototypic eHealth environment. In the

following, some exemplary statements are listed:

I think it is totally fine! Luckily, until now I hadn’t had to deal with bigger health

issues, but I think that has a future and I can imagine to use it not only in the

health context.

(male, 53 years, no chronic conditions)

I think, when the technology is fully developed and it works properly, the results of

the measurements would be absolutely reliable. If I had that, I would also regularly

measure my blood pressure, like I also should. In this form, it is too large for my

apartment, but I think it’s great and I would definitely use it in the future.

(female, 56 years, hypertension)

That’s really interesting and also fun! I could certainly use it.

(female, 73 years, no chronic condition)

Another 20% of the interviewed persons (n5 5) displayed a positive attitude,

but they also showed a certain skepticism, or declared some reservations for the

future use. Below some examples are listed:

You certainly can learn how to use that thing, but most people are reluctant to deal

with it; my wife, for example. I think it is very good, however, space limits and the

financing could be reasons not to use it.

(male, 74 years, cardiac insufficiency)

I think it’s great that you can operate it with the whole hand (instead of only one

finger). But I would like to see additional functions: electronic calendar, reminder,

etc. You could also retrofit the floor.

(male, 71 years, myocardial infarction, stroke)

One person rejected the use of the ambient system in the future:

Human contact gets lost, the sensory organs come off badly, life would be very

mechanized. That’s not for me! I’m less concerned about my health monitoring

than about the [social] isolation.

(female, 58, arrhythmia, tachycardia)

Summary of the results for the Study I

According to the presented results, the greatest enthusiasm for the use of health-

related technology in terms of ambient assistance systems in a domestic
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environment emerges from elderly and chronically ill people. Their intention to use

such ambient technology is significantly higher than in healthy and individuals in

their midlife, even though the vast majority of participants acknowledged it as a

meaningful and enriching supplement. The participants showed great enthusiasm

with the technology, reaching mean values between M5 4.6 and M5 4.8 out of

maximum five points. In addition, the absence of significant effects for gender indi-

cates that women and men comparably evaluate the technology with respect to the

focused aspects.

Accordingly, we can assume that Maria is pleased with the surrounding technol-

ogy in her home and she enjoys taking her vital signs regularly. She definitely

wants to use this innovation in the future.

Study II: Serious exercise games in AAL

After the measurement of her vital parameters, Maria is interested in playing a

game. The technology-augmented habitat provides different types of games. Maria

can choose to play conventional computer games, or she might use one of the sev-

eral serious games for healthcare offered by the AAL environment. One serious

game couples the motivational incentives of games with explicit and thought-out

purposes outside the actual game (Zyda, 2005). For example, the game Cook It

Right (Wittland, Brauner, & Ziefle, 2015) uses a cooking scenario to address the

improvement of cognitive functioning, i.e., remembering and planning abilities.

Maria decides to launch the exercising game Fruit Garden this time.

Physical inactivity is linked to diabetes, hypertension, coronary, and cerebrovas-

cular diseases. It is also connected with a lower life expectancy (Knight, 2012). In

contrast, exercising has benefits for health, such as lower risk and lower intensity of

cardiovascular diseases (Perez-Terzic, 2012), higher physical and cognitive abilities

(Ahlskog, Geda, Graff-Radford, & Petersen, 2011), as well as positive influences

on mood and depression (Thayer, Newman, & McClain, 1994). Sportive physical

activities reduce the probability of silent brain infarcts (Willey et al., 2011).

Therefore, performing regular exercises—in or outside a game environment—is

beneficial for the overall health status.

The Fruit Garden game involves full-body movement exercises, captured with

nearly invisible motion-capturing cameras, and aims at picking fruit in a garden

environment presented on the large wall of the technology-augmented habitat

(Brauner et al., 2015; see Fig. 1.5). Previous research (De Schutter & Van Den

Abeele, 2008) has identified this as a suitable game core. In several levels with

increasing difficulty, distinct movement gestures address different body and muscle

areas and the training should retain, or improve, the overall stamina of its players.

The game offers different single and multiplayer modes, and players can decide to

compete against their own high scores or against friends, relatives, or others over a

network. Today, Maria chooses to play the single player mode, as she wants to

break her personal record for the levels with more difficult movements.
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Materials and methods

To investigate how people interact with an exercise game in a technology-

augmented environment, and to understand under which conditions it is likely to be

used, a formal user study was conducted. This section presents the evaluated pro-

totype of the above mentioned exercise game, followed by the description of the

independent, explanatory, and dependent variables. Finally, the sample of the exper-

imental study is described.

The evaluated game prototype

In the exercise game, the player’s task is to pick different fruits (e.g., apples, pears)

in a comic-like garden environment presented on the large wall of the AAL lab.

The body movements are captured through hidden Kinect sensors, which capture a

high resolution color image, a depth image, as well as a skeleton model with 3D

coordinates of 20 joints in high temporal and spatial resolution. The picture of the

player is directly integrated into the game environment by compiling the different

images from the Kinect sensor (see Fig. 1.6): The RGB-image of the player is sepa-

rated from the background by using the depth image, then the background-

separated image is integrated into the game’s scenery.

For each type of fruit, a specific full body movement gesture is required. The

gestures were developed with medical professionals and each gesture captures a

specific, medically sound, exercise. For example, for picking an apple on the right

side of the screen, the left hand must be used. This trains hand-eye-coordination

and the shoulder and back muscles. During the first levels of the game, the different

gestures are sequentially introduced and repeatedly trained.

Research variables

Before and after the serious game intervention, a questionnaire assesses the inde-

pendent (explicitly used for creating the sample), explanatory (measured but not

Figure 1.5 An elderly player interacting with a prototype of the fruit picking game.
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used for creating the sample), and dependent variables (capturing the evaluation of

the game) of the user study.

Independent variables: Besides age and gender as independent variables, the

questionnaire collected data regarding the participants’ self-efficacy in interacting

with technology (SET, e.g., “I have fun solving technical problems”), their gaming

frequency across multiple game types (GF, e.g., “I frequently play board games”),

and their need for achievement (NAch, e.g., “I am attracted to difficult problems”)

as additional explanatory variables.

Self-efficacy in interacting with technology relates to Banduras Self-efficacy

Theory (Bandura, 1982) and describes an individual’s perceived ability to success-

fully interact with a technical device and to attain certain goals with these devices.

Previous research has identified tremendous gender (e.g., Brauner, Leonhardt,

Ziefle, & Schroeder, 2010; Busch, 1995; Wilkowska et al., 2010) and age effects

(e.g., Arning & Ziefle, 2007b; Wilkowska & Ziefle, 2009) in performance and

acceptance of technological systems. Self-efficacy in interacting with the technol-

ogy was measured and analyzed by the scale of Beier (1999).

Gaming frequency was determined as an index across nine playful activities

ranging from playing cards or ball games (not computer mediated), to computer or

console games.

The participant’s need for achievement was measured on a scale by Schuler and

Prochaska (2001). An individual’s need for achievement relates to the choice of

tasks and the performance attained within the tasks. Therefore, players with higher

need for achievement will attain a higher performance in the game than players

with a lower need for achievement.

Dependent variables: In addition to the aforementioned personality factors, the

participants’ current subjective pain levels for several body parts (e.g., head, shoul-

der, back, legs) and the perceived current level of exertion—collected on the scale

Figure 1.6 Schematic illustration of the separation of the player’s background using the

depth image.
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by Borg (1982) that strongly correlates with the actual heart rate—were queried. To

investigate the effect of the game on perceived pain and exertion, both measures

were captured directly before and after the game intervention (repeated measure).

The evaluation of the game was measured using the items of the Technology

Acceptance Model (TAM (Davis, 1989; Davis, Bagozzi, & Warshaw, 1989)) and

the Extended Unified Theory of Acceptance and Use of Technology (UTAUT 2

(Venkatesh et al., 2012)). Following Davis’ TAM model, there is a strong relation-

ship between the intention to use a system and the later actual system use.

Therefore, the intention to use (ItU)—similar to the first study—is captured as the

target variable to predict the actual use of the system (e.g., “I intend to continue

using this game in the future”). A detailed description of the other constructs of

UTAUT 2 for this exercise game is given in (Brauner et al., 2015).

In addition to the participants’ assessments of the game, the attained perfor-

mance was captured via log files and then combined with the data from the ques-

tionnaires. All items, apart from age and gender, were rated on a six-point Likert

scales ranging from “I fully disagree” (50) to “I fully agree” (55). The acquired

data is analyzed using bivariate correlations (Spearman’s rho (ρ) coefficient is

reported), univariate analysis of variance (ANOVA) and repeated measures, as the

data meets the assumptions of parametric calculations. Effect sizes are reported as

η2, corresponding to the first study. Multiple linear regressions were calculated

using the step-wise method and models with high variance inflation factors were

excluded (VIFc1). The level of significance is set to P5 .05.

Participants

In total, N5 64 participants (n5 32 males and n5 32 females) ranging from 17 to

85 years of age participated in the user study voluntarily and without any financial

compensation. The participants were gathered through public posters in the city and

personal social networks. The reported current or last occupations were in the social

(20%), health (8%), business (9%), technical (41%), or other sectors (22%).

As above, the sample was split into a younger (M5 26, SD5 4.6, age# 35

years) and an older group (M5 61.6, SD5 10.4, age.35 years) to differentiate

between age-dependent evaluations, using factorial methods. By the design of the

sample, age groups and gender were not correlated [χ2(2,64)5 0.563, n.s.].

About one quarter of the participants (26%) reported a chronic illness, mainly

asthma, hypertension, and diabetes; the prevalence of chronic illness grew with the

increasing age (ρ5 0.41, P# .001).

Elderly subjects indicated a lower technical self-efficacy (ρ520.37, P, .01).

Also, gender affected technical self-efficacy and women reported significantly

lower scores than men (ρ520.33, P, .01). Gender [F(1,60)5 4.3, P5 .043]

as well as age [F(1, 60)5 24.6, P, .001] are significantly related to technical

self-efficacy. Though, there is no significant interaction between age and gender

[F(2, 59)5 0.1, n.s.].

The subjective gaming frequency decreased with the increasing age (ρ520.49,

P, .001), but gender did not affect the reported gaming frequency (ρ520.16, n.s.).
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Although the gaming frequency scale captures the frequency of use of the

technology-mediated and nontechnology mediated playful activities, there is a strong

positive relationship between gaming frequency and self-efficacy in interacting with

technology (ρ5 0.60, P, .001). Fig. 1.7 depicts the dependencies between the inves-

tigated user factors.

Results of Study II

In the results section of the second study, firstly, the overall effect of the game on the

perceived pain levels and the perceived exertion is presented. Secondly, the factors

that contribute to performance in the game are identified. Finally, the participants’

intention to use the game in the future and factors contributing to that are analyzed.

Effects of the game

Exertion: To understand the effect of the game on the perceived exertion, a repeated

measures ANOVA with the factors age and gender as independent variables, time

as within-subject variable, and perceived exertion as dependent variable was calcu-

lated. The analysis reveals that the perceived exertion doubles from M5 0.8

(SD5 1.2) to M5 1.7 (SD5 1.3) of 5 points and that this increase is statistically

significant [F(1,60)5 13.3, P5 .001, η25 0.182]. Gender does not affect the

change in exertion [F(1,60)5 0.5, n.s.], but there is a significant effect of age

[F(1,60)5 7.7, P5 .007, η25 0.113]. Specifically, the exertion of the younger par-

ticipants increases from M5 0.7 (SD5 0.8) to M5 2.2 (SD5 1) of 5 points,

whereas there is only a negligibly increase from M5 1.0 (SD5 1.5) to M5 1.2

(SD5 1.1) of 5 points for the elderly.

Pain: An investigation of the changes of the perceived pain levels further reveals

a significant overall effect of the game [F(1,60)5 20.2, P, .001, η25 0.25]. On

average across all participants, the perceived pain level decreased over the course

Figure 1.7 Interrelationships between the investigated user factors (��P, .01; �P, .05).
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of the exercise game. Although the absolute decrease from M5 0.5 (SD5 0.6) to

M5 0.2 (SD5 0.3) of 5 points seems rather small, the relative change of 262% is

astonishing. Again, age [F(1,60)5 6.4, P5 .015, η25 0.09] but not gender

[F(1,60)5 0.4, n.s.] affected the decrease in pain perception and the decrease is

stronger for older (268%) than for younger participants (233%). The other investi-

gated factors, such as a chronic illness, did not or to a much smaller extent influ-

ence the change in perceived pain.

Performance

Only one 85-year-old female participant had difficulties to use the game due to

movability constraints. The other 63 participants picked 9�30 fruits in each level

of the game, with an average of M5 19.6 (SD5 5.2) fruits per level (Md5 20). All

investigated user diversity factors were found to influence the attained performance

in the game as shown in Fig. 1.8.

As the description of the sample has shown, all considered factors of user diver-

sity are closely interrelated. To untangle this net of dependencies and to identify the

true drivers for performance, a multiple linear regression analysis is calculated.

Thereby, the user factors were considered the independent variables and the average

performance across the three levels was included as the dependent variable.

The analysis revealed a linear model for performance based on age, need for

achievement, and gender that explains over 63% of the variance in performance

(r25 0.63). The model’s parameters are given in Table 1.2.

Intention to use

Now, the important question is whether and under which premises the game is

likely to be used by the future residents of technology-augmented habitats. This

section provides two perspectives on this question: Firstly, the variables that govern

the intention to use the game are identified. Secondly, the evaluation of the game’s

assessment with regard to the identified influencing factors is presented.

Figure 1.8 User factors contributing to performance (��P, 0.01; �P, .05).
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A correlation analysis shows that the intention to use the game is solely gov-

erned by the participant’s prior gaming frequency (ρ5 0.47, P, .001) and their

self-efficacy in interacting with technology (ρ5 0.31, P, .05). None of the other

investigated facets of user diversity, like age, gender, chronic illness, or the need

for achievement, has a significant influence on the intention to use the game. A

considerable finding was that the performance attained in the game is not meaning-

fully related to the projected later use (ρ5 0.17, n.s.). Hence, some people might

express a desire to play, or not to play, the game again regardless of whether they

were rather slow or rather fast in the game. Fig. 1.9 illustrates the two variables

influencing the projected use of the game.

A multiple linear regression revealed that the effect of self-efficacy in interacting

with technology on the intention to use fades if controlled for gaming frequency.

Hence, gaming frequency is the single most significantly influencing factor on the inten-

tion to use serious games for healthcare in technology-augmented home environments.

Considering the absolute values of the intention to use the game, overall, the

intention is rather high (M5 3.9, SD5 1.2 out of 5 points) and above the midpoint

of the scale (2.5 points). The participants attested that the had game a high entertain-

ment value (M5 4.6, SD5 0.6 out of 5 points) and wanted to play it again (replay

value: M5 4.3, SD5 0.9). Yet, the desire to use this game in their home was much

lower, but still above the center of the scale (M5 3, SD5 1.6 out of 5 points).

Table 1.2 Linear regression model for performance
(VIFmax5 1.39)

Factor B SE B β T

(const) 26.5 2.03 13.04

Age 20.17 0.02 20.66 28.26

Need for achievement 1.24 0.36 0.27 3.43

Gender 22.64 0.79 20.27 23.34

Figure 1.9 User factors contributing to intention to use (��P, .01; �P, .05).
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As gaming frequency was identified as the main factor for the intention to use

this game in the future, it was further examined whether absolute evaluations differ.

The overall intention to use it in future was significantly higher for gamers

(M5 4.2, SD5 1) than for nongamers (M5 3.5, SD5 1.2) [F(1,62)5 7, P5 .010,

η25 0.102]. However, both gamers and nongamers attested that the game had a

similarly high entertainment value [M5 4.6, SD5 0.6; F(1,62)5 0.3, n.s.]. Also,

the desire to play the game again did not differ significantly between gamer types

[F(1,62)5 3.4, n.s.]. Fig. 1.10 illustrates the relevant findings.

According to the analyses, the participants were less inclined to use the game in

their homes (M5 3, SD5 1.6/5 points) and both gamer groups differed significantly

[F(1,62)5 7.3, P5 .009, η25 0.106]. Gamers expressed a higher desire to play the

game at home (M5 3.6, SD5 1.3) than nongamers (M5 2.5, SD5 1.8). Surprisingly,

the standard deviations on this question were considerably higher in comparison to

previous questions which hints at different evaluations among the participants.

Discussion and limitations

In the following, a résumé of the results of both studies will be presented, inter-

preted, and discussed in terms of smart health. The subsequent section deals with

limitations and future research. In this paper, we introduced two different health-

related applications for which the broad acceptance and the intention to use these

tools in the (smart) home environment were under study, using a strictly user-

centered and participatory design methodology. As the above presented studies

showed, both chronically ill persons as well as healthy (aged) individuals success-

fully interacted with the electronic health system integrated into a prototypical liv-

ing room. In addition, a simulated gaming environment meant to motivate the

(older) inhabitants to keep active by physical exercise, was found to increase the

intention to use such ambient technologies in the future.

Figure 1.10 Evaluation of the serious exercise game by gamers and nongamers: (A) on the

intention to use serious games; (B) on the use at home.
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The current results show that, unlike previous trends in the use of technology

innovations (where scientific studies have demonstrably revealed that young,

mostly male individuals show significantly higher technical interest, knowledge,

and skills), the greatest enthusiasm and willingness to use technology in the context

of health-related assistance systems in domestic environments emerges from elderly

and chronically ill people, regardless of gender. This finding originated especially

from individuals with chronic heart diseases who did not only interact with the

ambient system smoothly and in an intuitive way, but also showed a high motiva-

tion to use the technology in the future. Their opinions were possibly influenced by

the fact that the technology is meant to be directly accessible in their living room

and individually tailored to their personal needs, allowing the individual to cope

easier with their particular disease. Their intention to use such ambient technology

is higher than in healthy and middle-aged persons. Also, according to the high aver-

age assessments of the perceived meaningfulness and fun, an overwhelming major-

ity of the participants acknowledged the eHealth system was a useful, enriching,

and sensible facility.

In addition, as the findings clearly demonstrated, it was advantageous to inte-

grate serious games in the ambient technology systems. Although, it has also been

shown that not every person in old age displays the same enthusiasm for gaming,

technical aptitude, and self-efficacy, suggesting a great diversity of individual fac-

tors. This diversity among the users has to be considered whenever developing

innovative healthcare solutions. Thus, engineers need to be adequately trained to

understand and consider the users’ diversity in this regard. Moreover, from the pre-

sented studies, it can be learned that basically all investigated user factors affected

the attained performance in the game, however, age and the need for achievement

were identified as the strongest predictors for the performance. This finding is in

line with prior research (Fisk & Rogers, 1997; Fisk, Rogers, Charness, Czaja, &

Sharit, 2009). From the users’ evaluation, it was evident that the inclination towards

gaming and gaming frequency are the strongest predictors for the intention to use

the exercise game in the future. This finding seems obvious at first sight, but it is

more deceptive under further scrutiny. On the one hand, exercise games are an

excellent way to increase the fitness and overall health of the residents of

technology-augmented home environments. They increase individual mobility and

independence, and contribute to the idea of successful aging. On the other hand,

according to the presented results these exercise games are much more likely to be

used only by gamers. The nongamers are therefore at risk to be excluded from this

motivating, entertaining, and preventive form of health-supporting intervention.

Hence, future research should address alternative forms of technology-mediated

exercising, for instance, by linking the creation of music or images with cognitive

or physical exercises. Corresponding to the users’ diversity, the different inhabitants

of technology-augmented habitats have varying interests. Therefore, a multifaceted

set of exercising applications with different connecting points (e.g., games, music,

paintings) should be offered. Finally, the game affected the individual’s perceived

exertion levels, which indicates that the players were actually involved in the game

and aimed at achieving a decent score. And, even more importantly, playing the
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game had a strong positive effect on the perceived levels of pain. The younger par-

ticipants started at a low level of pain, permitting only little space for a further

decrease. In contrast, the older test participants reported a significant amount of ini-

tial pain that decreased over the course of the game. This result should not suggest

that exercise games can substitute any medical therapies. Instead, they might be a

valuable addition. The theory of pain mechanisms (Melzack & Wall, 1965) is fur-

ther backed by the present data. As a consequence, the medical therapy of a resident

of a health-supporting home environment may include a game-based exercise com-

ponent. As outlined at the beginning of “Study II: Serious exercise games in AAL”

section, this form of entertaining distraction from the actual therapy leads then to a

lower perceived pain, as well as increased fitness, mood, and overall well-being.

However, there are also some limitations that need to be considered for future

research. The presented studies consider how smart health technology is perceived,

and how it is intended to be used by the residents of technology-enhanced habitats.

Obviously, this view into the future is tainted with uncertainty. On the one hand,

the development of technology may follow different and currently unimagined

paths. On the other hand, future elderly persons may have different perceptions of

technology in general, and computer games in particular. It is evident that technol-

ogy expertise is formed by individual upbringing and by the technology types that

dominate each generation. It follows that technology experience might differ

between the generations (Prensky, 2001; Sackmann & Winkler, 2013) and that there

is a need to examine in how far different generations might get familiar with using

such complex systems, adopting them as a natural part of their lives.

Another interesting line of research is to concentrate on gender effects. One rea-

son for this is that women still have a higher average life expectancy and live longer

than their husbands or partners. Thus, in the next decades, we can expect a superior

number of women as senior users (Barford, Dorling, Davey Smith, & Shaw, 2006;

Durndell & Haag, 2002). Besides, although slightly in contrast with the results pre-

sented in Study I (health-related context), there is a strong empirical evidence that

women show a lower interest in technology and a higher level of anxiety when han-

dling novel technologies. This goes hand-in-hand with a lower self-efficacy with

digital devices, which makes women much more careful and reluctant to interact

with technology (Durndell & Haag, 2002). From this point of view, the general use

of smart ambient technologies might be a serious hurdle for this user group.

However, regarding the use of social media, women show a higher emotional

involvement and social engagement in digital communication in comparison to men

(Sun, Wang, Shen, & Zhang, 2015). There is also a high social motivation to be

friends with, and stay in contact with, family members or peers (Barker, 2009;

Thelwall, Wilkinson, & Uppal, 2010; Woolham & Frisby, 2002). Thus, a high

involvement in the use of social media could be a powerful motivational anchor or

trigger point to attract women to use health-supporting applications at home.

In conclusion, the presented findings provide evidence for a basically motivated

attitude towards, and a high intention to use, such technology solutions at home,

especially of elderly and chronically diseased persons. According to the resulting

high scores for fun and perceived meaningfulness, the combination of the
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entertaining games and the serious background gives reason to conclude that Maria,

who is autonomously checking her relevant health parameters, might be able to

enjoy her independence, as characterized by self-determination and dignity in life

for longer, and also to improve her social network through the game-based interac-

tions with her grandchildren.

Responsible research and innovation
in technology development for older adults

A final thought of this chapter regards the claim for responsible research and the

consideration of ethical, legal, and social implications of technology development.

In times in which technology developments, fostered by the huge and tremendously

fast evolving innovations through modern information and communication technol-

ogies, enter private spheres and come into close contact with individual, private,

and intimate activities, it is a mandatory claim that any technology development

should be carefully developed and balanced within societal, cultural and individual

values and norms. Within the European Union, the term “responsible research and

innovation (RRI)” was formed under the prospective EU Framework Programme

for Research and Innovation “Horizon 2020” (Stahl, 2013; Stahl, Eden, & Jirotka,

2013; von Schomberg, 2013). The concept was recently introduced as across coun-

tries there is—beyond the market itself, which might dictate which product is suc-

cessful in the end—no normative instance which might define best practices or

might assess and evaluate consequences, responsibilities and impacts of technology

for the countries, the society, and the users (von Schomberg, 2013). Stahl (2013)

points out that RRI is a social concept “that is meant to mediate the consequences

of technical and other innovations on our individual and social lives” (p. 202). In

Germany, a similar movement can be observed. With the ELSI (ethical, legal,

social implications) and the ELSA (ethical, legal and social aspects) the German

Ministry for Education and Research fosters the consequent consideration of these

aspects in all research projects in which technology development, education and

social aspects for different stakeholder groups are under study. As the RRI concept

and the ELSA/ELSI approach are currently quite normative, the individual’s rights

and ethics when using technology should be the base for the ELSI perspective

(Nelles et al., 2017; Owen, Macnaghten, & Stilgoe, 2012; Sutcliffe, 2011).

To come back to the issue of responsible research and technology development

for older adults, we argue that any of these developments should comply with the

claim for a socially responsible technology design. Beyond the normative aspect

and the impact of RRI and ELSA concepts for policy, however, we strongly vote

for including older adults in a bottom up process and asking for participation

exactly those persons, for which these technologies are designed. It is important to

keep in mind that smart homes and embedded health-supporting technologies have

an enormous potential to bring forward and facilitate some crucial mechanisms

regarding consequences of demographic change. And this is not only because the
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so-called eHealth technologies promise to deliver significant improvements in the

access and quality, and to increase the efficiency of care as well as the productivity

of the health sector (Holzinger, Dorner, Födinger, Calero Valdez, & Ziefle, 2010;

Kleinberger, Becker, Ras, Holzinger, & Müller, 2007). It is much more a long-term

success of smart health-technologies, depending on the sensitivity with which the

users and their specific requirements, needs, values, as well as their culturally and

individually formed wishes are considered during the development and implementa-

tion process.

To conclude, the responsibility in the research can be outlined on the basis of

three major cornerstones of the age-appropriate technology developments: First is

the holistic and interdisciplinary technology development. In contrast to the standard

technology development currently practiced, in which mostly medical or technical

facets are the center of attention, there is an urgent need to develop integrative mod-

els for the design of user-centered healthcare systems. The new concepts of health-

monitoring systems within ambient living environments should be suited to support

users individually (i.e., according to the users’ profiles and specific needs), adap-

tively (i.e., in accordance with the age-related changes and/or depending on the

course of disease), and sensitively (i.e., corresponding to the living conditions under

all circumstances) (Blanchard-Fields, Hertzog, Stein, & Pak, 2001; Klack et al.,

2011). A second important point is the novel understanding of age and aging. The

technical development in the context of health-supporting ambient systems should

be based on a sensitive concept of human needs and specifically tailored to the

requirements of the most frequent user group: Seniors. This could mean that the

devices and technical systems then unveil their reverse side: Smart health systems

being not only compensatory for the negative effects of aging (e.g., general frailty,

cognitive or physical deficiencies), but rather the complete opposite. The support of

the positive aspects of aging like life-experience, domain knowledge, skills and

expertise, wisdom, and fun in the old age should be deeply anchored as benchmarks

in a sustainable technology development (Blanchard-Fields et al., 2001; Sackmann &

Winkler, 2013). As such, technology development then has the responsibility to

empower elderly people as an active part of the society (Ziefle & Schaar, 2014).

Eventually, the third cornerstone refers to integrating the users in the whole design

process. The most important modification to traditional technology development

approaches in the field of medical engineering is to include the users actively during

the whole process of the technology innovation (participative design). A coherent,

user-centered design of health-supporting devices integrated in home environments

will result in ambient technology which is not only functional in an engineering way

of thinking, but it also addresses the users’ fundamental needs in terms of unobtru-

siveness (nonstigmatizing design), ease of use, perceived usefulness, and overall

usability (Wilkowska, 2015). Especially in case of AAL and smart health systems,

this is a vital precondition. For the majority of us, the home is the most intimate

and conversant place, and technology that is integrated into this sensitive piece of

one’s identity must unconditionally adapt to the lifestyle and requirements of its

inhabitant(s). Therefore, it is obvious—and should appropriately be acknowledged in

both the research and in the industry—that involvement of the users as well as
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careful considering of their perspectives, wishes, and requirements into the technical

development process prospect a reasonable chance of successful adoption and in the

long run is able to bear the burden of a graying society.
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2Challenges associated with online

health information seeking

among older adults
Ronald W. Berkowsky and Sara J. Czaja
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In 2008, Czaja, Sharit, and Nair conducted a study wherein 112 adults aged 501
were tasked with using the Medicare.gov website to answer a series of questions

regarding eligibility for home healthcare services, selecting home health agencies,

making enrollment decisions associated with Medicare Part D, selecting a drug

plan, and assessing associated costs. The participants, who had prior computer

experience, were also tasked with rating the usability of the Medicare.gov website

by assessing how difficult it was to navigate the website, and how frustrating it was

to search for information on the site. The results, published in JAMA, were shock-

ing: 68.8% of participants were unable to correctly identify eligibility criteria for

home healthcare services, 80.4% were unable to choose the correct home health

agency, and 83.9% were unable to compute the costs associated with selecting a

drug plan. Participants performed best in making an enrollment decision, but even

in this case only 57.1% were able to make the correct decision based on the task

parameters. In addition, over half of participants found it difficult to navigate the

Medicare.gov website, frustrating to use, and difficult to find the information

needed. As shown by this study, seeking online health information is not always an

easy endeavor, especially for older adults.

Information and communication technologies or ICTs (i.e., Internet-connected

devices and applications used for the dissemination of information or for communi-

cation purposes) have developed and evolved at a pronounced and rapid pace over

the past few decades, and ICTs have also become more widely available to consu-

mers. Along with availability of, and access to, ICTs, there has also been an

increase in e-health (i.e., digital information and communication processes related

to health, wellness, and healthcare) wherein more consumers are using technology

devices and applications to assume a more pronounced role in managing their

health and in making healthcare decisions (Czaja, Sharit, Nair, & Lee, 2009). While

there now exist numerous devices and applications which fall under the purview of

e-health, such as wearable technologies to track vital signs or mobile phone apps to

manage health lifestyles, one of the most common types of e-health is that of online

health information seeking. The Pew Research Center reports that in 2013, 59% of

US adults indicated that they went online to look up health information over the

past year and that 35% of US adults indicated they went online to search for infor-

mation on specific illnesses or symptoms in an attempt to self-diagnose a condition,
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or to diagnose the condition of someone close to them (Fox & Duggan, 2013). Over

half of US smartphone users have indicated using their devices to look up health

information (Fox & Duggan, 2012).

Yet, while ICTs provide consumers with unprecedented access to health infor-

mation on a variety of topics, there exist a number of barriers and challenges asso-

ciated with finding the relevant information needed, interpreting it, and successfully

using it (e.g., Czaja, Sharit, Hernandez, Nair, & Loewenstein, 2010; Czaja et al.,

2008; Sharit, Hernandez, Czaja, & Pirolli, 2008). This chapter specifically discusses

the challenges older adults face when attempting to search for health information

online. Specifically, we discuss the unique characteristics and risk factors relevant

to older adults, which may increase the probability of unsuccessful information

searches, or contribute to a decreased ability among older adults in being able to

successfully utilize the information found. These challenges include those associ-

ated with physical health limitations, cognitive limitations, issues with literacy

(including health literacy, numeracy, and digital literacy), and negative attitudes

toward technology. By identifying where and why older adults struggle when

searching for health information online, designers may more aptly take into account

the limitations of this population when designing health-based websites and/or

smartphone apps. In addition, by identifying the challenges older adults face in

online health information seeking, technology training interventionists may better

tailor their training protocols to the specific needs (e.g., physical limitations, cogni-

tive issues, etc.) of this vulnerable group.

Older adults and ICT use

The percentage of older adults who report using the Internet has been steadily

increasing over the past two decades and at a pace higher than younger age

groups. As reported by the Pew Research Center, approximately 14% of older

adults aged 651 reported going online in 2000. By 2016, that number had

increased to 64%, a noticeable and significant change. However, despite the

increase in usage, the percentage of older adults reportedly going online is still

much lower compared to younger age groups: in 2016, 99% of those aged

18�29 went online, while 96% of those aged 30�49 and 87% of those aged

50�64 went online. Similar trends are found when examining broadband use, as

older adults are much less likely to report being broadband users (51% in 2016)

compared to younger age groups (77% 18�29, 81% 30�49, 75% 50�64). Lack

of Internet use and broadband access is especially pronounced among those in

the older cohorts (e.g., age 751).
Older adults may greatly benefit from ICT use, as these devices and applications

give unprecedented access to information on a variety of topics (including health,

entertainment, financial considerations, education, etc.) as well as a new communi-

cation avenue to connect or reconnect with social ties and foster new ties. Older

adults who report using the Internet have been shown to experience less loneliness
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(e.g., Cotten, Anderson, & McCullough, 2013; Czaja et al., 2017), increased life

satisfaction and psychological well-being (Heo, Chun, Lee, Lee, & Kim, 2015), and

fewer depressive symptoms (e.g., Cotten, Ford, Ford, & Hale, 2014). Yet despite

the potential benefits of ICT use, older adults are less likely to be online compared

to younger age groups.

The disparities associated with Internet use are commonly referred to as the

digital divide and manifest in two broad “levels”: The first-level digital divide

(which primarily includes issues of access), and the second-level digital divide

(which primarily includes issues of knowledge and skill). With the increase in

availability of various types of ICTs as well as the costs of these ICTs and of

Internet connectivity dropping, many researchers have turned to the second-level

digital divide as a means of explaining why older adults are less likely to be

online. Indeed, compared to younger groups older adults tend to have less experi-

ence and fewer skills associated with ICT use (Hargittai, 2002), and they may

also lack the confidence to learn to use ICTs or lack the social/technical support

to promote learning (Cotten, Yost, Berkowsky, Winstead, & Anderson, 2016). An

older adult may have a desktop computer sitting in their home, or they may have

access to one at a public library, or in the activity room of a continuing care

retirement community (CCRC), but simply having the technology available does

not dictate that they will be able to use the technology to their benefit. ICTs are

complex machines for those who have never used them or have little experience

with them. In addition, because these technologies are constantly upgrading and

updating, it can be difficult for older learners and users to “keep up,” as they

may constantly have to learn new online skills. Despite lower skill levels and

perceived difficulties in mastering new technologies, many older adults cite

learning to use ICTs as a worthwhile endeavor (Boulton-Lewis, Buys, & Lovie-

Kitchin, 2006).

With regards to e-health, Pew reports that looking for health information ranks

as the third-most popular activity to do online among older adults aged 651,
behind only email use and searching for general information (Zickuhr, 2010).

While the Internet is not typically perceived as the most referenced or most trust-

worthy sources of health information among older adults, among those who are

online the Internet is ranked high as a preferred source of health information

(behind only healthcare providers and pharmacists), and it is common for older

Internet users to supplement the information they receive from other sources with

information found on the Internet (Medlock et al., 2015; Renahy, Parizot, &

Chauvin, 2008). In this way, ICTs provide older adults a vital tool in learning more

information about health, wellness, and healthcare, and allow them to take a more

active role in managing their health; in some instances, a preliminary search for

health information online assists older Internet users with making a decision as to

whether or not to seek medical assistance or to search for health information online

to prepare for an appointment with a physician, although it is more common for

older adults to seek health information after an appointment rather than before

(Medlock et al., 2015).
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Information search strategies

With online health searching being a particularly popular activity among Internet-

using older adults, researchers have focused on how older adults go about searching

for information as well as how successful they are in finding and using health infor-

mation. While individual strategies for online information seeking can be more

detailed (Thatcher, 2008), in general the literature on the subject identifies two pri-

mary and broad strategies employed by web users (Marchionini, 1997): analytic

strategies (wherein users extract keywords from a given problem scenario and use

these terms to search for information through the use of a search engine) and

browsing strategies (wherein users explore websites or categories within a specific

website by following links and tabs that may yield appropriate information). The

strategies defined by Marchionini (1997) are comparable to the bottom-up and top-

down strategies defined by Navarro-Prieto, Scaife, and Rogers (1999) wherein

bottom-up is comparable to an analytic search strategy and top-down is comparable

to a browsing search strategy. Navarro-Prieto et al. (1999) and Hölscher and Strube

(2000) also reference a mixed search strategy wherein a user employs both a

bottom-up and top-down strategy in one of two manners: Either by conducting sep-

arate bottom-up and top-down searches simultaneously in different web browsers or

windows, or by alternating between the two strategies during a single search.

Most research shows that those with more Internet experience tend to employ a

bottom-up strategy when searching for information online, including health infor-

mation (Aula & Nordhausen, 2006; Navarro-Prieto et al., 1999; Sharit, Taha,

Berkowsky, Profita, & Czaja, 2015). Drabenstott (2001) elaborates on the bottom-

up strategy by proposing 6 keyword formulation and utilization profiles:

1. Shot in the dark—the user enters one keyword into a search bar.

2. Bingo—the user enters a series of keywords into a search bar.

3. Kitchen sink—the user enters numerous keywords into a search bar, throwing everything

in “but the kitchen sink.”

4. Big bite—the user enters additional keywords to the original search term to narrow down

the results of the search query.

5. Citation pearl growing—the user recycles previously successful keywords in a new

search.

6. Help from your friends—the user utilizes subject directories to aid in the search.

In addition to Internet experience, cognitive ability also tends to be a significant

predictor of using a bottom-up strategy for searching (Aula & Nordhausen, 2006;

Navarro-Prieto et al., 1999; Sharit et al., 2015).

Interestingly, while there tends to be significant differences between younger

adults and older adults with regards to search strategies employed, the time it takes

to conduct a search, and the “amount” (i.e., the number of individual searches done

to answer a query or the number of websites accessed to find the necessary infor-

mation), when it comes to health information studies suggest that younger and older

adults tend to score similarly with regards to search accuracy; i.e., all else equal, an

older ICT user may perform just as well on a simple health search task compared to
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a younger user (Sharit, Taha, Berkowsky, & Czaja, 2016; Sharit et al., 2015) but

perhaps not as well on more complex tasks that involve integrating information

across several websites. Older adults may be more likely to use a top-down strat-

egy, exhibit longer search times, and exhibit lower “amounts” of search, but may

still be able to score relatively similarly to younger groups. The key phrase here

is all else equal—assuming similar scores on Internet experience, cognitive abili-

ties, etc., both younger and older adults can perform successful health searches

online. However, there are a number of barriers and challenges unique to older

populations that tip the scale in a way that can prevent successful health searches,

including physical barriers, cognitive limitations, literacy levels, and attitudes

toward technology.

Physical barriers

Many US older adults aged 651 have a physical health issue (i.e., disability, handi-

cap, or chronic disease) which impacts on participation in everyday activities and

completing everyday tasks. For example, among Medicare beneficiaries in the

United States, which comprises older adults who receive coverage for various medi-

cal services by the government, 69% have two or more chronic health conditions,

37% have four or more, and 14% have six or more chronic conditions such as dia-

betes, high blood pressure, and ischemic heart disease (Centers for Medicare and

Medicaid Services, 2012). Compared to those who report not having any physical

limitations, older adults with physical disabilities are much less likely to go

online—49% of those with physical limitations report going online versus 66%

with no physical limitations (Smith, 2014). It is an unfortunate conundrum, as those

who experience physical health issues may be the most in need of health informa-

tion but are also less likely to be able to get online to retrieve the information they

need, as their physical health issues may prevent them from doing so. With regards

to ability to use an ICT and navigate the Internet for health information, problems

with visual impairment and problems with motor skills can be especially detrimen-

tal for older adults.

Visual impairment

As an individual ages, vision deteriorates, and changes in visual ability can signifi-

cantly affect an older adult’s ability to learn how to use an ICT to search for health

information as well as use said ICT to conduct a successful search (Becker, 2004;

Charness, 2001; Hanson, 2010). Common visual changes that occur as an individual

ages include (but are not limited to): a decline in visual acuity (i.e., the ability to

resolve detail and see objects clearly), a reduced ability to focus on an object, a

decline in contrast sensitivity (i.e., the ability to distinguish an object from a back-

ground based on color and brightness), declines in color perception and differentia-

tion, decreased light sensitivity, and increased sensitivity to glare (Becker, 2004;
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Czaja & Sharit, 2013). According to Charness (2001), these changes in vision as an

individual ages can affect the user’s ability to conduct an online search and

navigate a website; changes in vision can affect legibility of content, reading speed,

comprehension of content, ability to navigate a website and navigate between

websites, and the amount of visual content that poses as a distraction.

If the font size of a health- or healthcare-related website it small, or if the font

style is particularly difficult to read, older adults with visual impairments may not

be able to locate or read the information provided on the site. If there is not enough

contrast between colors on the website, older adults with visual impairments may

not be able to differentiate between the text and background, or between different

sections of the site. Even something as innocuous as a mouse cursor can pose an

issue for an individual with vision issues—if an older adult is using a laptop or

desktop computer to navigate the Internet and the mouse cursor is too small to see

clearly, the user may not be able to click on the necessary tabs and links or may not

be able to navigate the cursor to a search bar. Besides being able to see what is on

a computer or smartphone screen and to differentiate between various different on-

screen cues, visual impairment can also cause discomfort that manifests in other

physical ways. An example described by Hanson (2010) is that of an older adult

who requires bifocal lenses—an older adult who uses such lenses may be required

to reposition their neck and shoulders in a way that is uncomfortable for long

stretches of time, thus demotivating the individual from putting a lot of physical

strain and effort into conducting an online health search.

Motor skills

In addition to decreased visual ability, older adults experience declines in motor

skills and mobility as they age. There may be declines in coordination, loss of

motor control, reduced ability to make continuous movements for long periods of

time, and slower response times, to name but a few potential impairments. These

changes in motor skills can greatly reduce an individual’s ability to get to a station-

ary ICT or to successfully use the hardware associated with the ICT to search for

health information.

Mouse control can be especially difficult for older adults, not just for those with

limited ICT experience but also for those with limited dexterity, pain due to arthri-

tis, or those with chronic diseases that can cause tremors in the hands (Cotton et al.,

2016; Czaja & Sharit, 2013). In fact, Czaja and Sharit (2013, p. 19) state, “. . .we
have found that mastering the use of a mouse can be more challenging for older

people than learning to use a software program.” Many online activities require the

use of a mouse to give a command to a laptop or desktop computer through moving

and positioning the cursor, clicking or double-clicking, and clicking-and-dragging,

all activities that can be nearly impossible for an older adult with decreased hand

control.

While ICT training (and, specifically, mouse training) may be an appropriate

avenue to overcome decreased hand control, it may not be enough for those with

chronic issues. It may behoove the older user to switch to a more accommodating
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mouse (such as a larger mouse with a trackball, which remains stationary while the

user moves the cursor with the trackball) or to switch to using an ICT with a

touchscreen interface. Such ICTs, like tablet computers, are gaining in popularity

among older adults as they do not require the motor skills needed for mouse control

and the devices are small enough so that the user can carry them wherever they

please (Tsai, Shillair, & Cotten, 2017; Tsai, Shillair, Cotten, Winstead, & Yost,

2015). For older adults with mobility issues, a tablet can be with them at all times

to search for health information, rather than the user having to travel to a stationary

laptop or desktop computer when attempting to answer a health query.

Cognitive ability

Using an ICT and searching for information online can be a cognitively demanding

endeavor, as information searches require locating, filtering, and consolidating a

large amount of information potentially across multiple different online sources

(Bhavnani, 2005). Searching for health information online, in particular, can be

quite demanding—whether looking up information on a specific illness or looking

up information on a care provider, medical information can be difficult to interpret

and understand for laypeople, and coupling the confusing language of medicine

with the taxing nature of online searches can be cognitively draining for ICT users.

Previous research has shown that cognitive abilities such as memory and speed of

processing are essential to successful performance of technology-based tasks

(Charness, Kelley, Bosman, & Mottram, 2001; Czaja, Sharit, Ownby, Roth, & Nair,

2001; Sharit, Czaja, Nair, & Lee, 2003) and that cognitive abilities are a significant

predictor of online health information seeking performance (Czaja et al., 2010;

Sharit et al., 2008, 2015).

Cognitive abilities tend to decline with age, particularly fluid abilities. Broadly

speaking, fluid abilities include those related to the active processing of new or cur-

rent information (e.g., working memory, wherein an individual simultaneously

stores and processes new information); by contrast, abilities that are more

knowledge-based are referred to as crystalized abilities. In general, fluid abilities

decline as people age, whereas crystalized abilities remain relatively stable until

late life. Fluid abilities tend to be more associated with learning processes—i.e.,

when an individual is provided with new information to interpret, they rely on fluid

abilities in order to do so. Having said that, both fluid and crystalized abilities have

been shown to be important in the learning and mastery of ICTs (Czaja et al.,

2006). Holt and Morrell (2002) contend that lessening the number of steps needed

to conduct a successful online search would decrease the cognitive demands of the

search, specifically those on working memory. With regards to health-related

searches, Holt and Morrell (2002) also contend that presenting the material in an

easily digestible format (e.g., written in plain language) lessens the cognitive effort

of the older user; in this instance, the older adult would be less likely to be
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overwhelmed by the complexities of the information while simultaneously over-

whelmed by the complexity of the technology.

While cognitive limitations may prevent older adults from successfully using

ICTs or from being able to conduct accurate online health searches, there is evi-

dence to suggest that some cognitive limitations can be overcome. As an example,

when presented with an information search task older adults with lower cognitive

abilities tend to utilize a top-down strategy or browsing strategy to find the relevant

information (Chin, Fu, & Kannampallil, 2009; Sharit et al., 2015), and utilization of

a top-down strategy did not necessarily predict task failure (Sharit et al., 2015). It is

thus possible for older adults experiencing cognitive declines to make adjustments

to enable successful searches of online health information.

Literacy

As previously mentioned, a significant barrier which may prevent older adults from

successfully searching for health information may be ICT knowledge and skills. As

digital divide researchers will contend, those with limited ICT knowledge and skills

will be less likely to use the technologies to their full capacity. Knowledge and

skills associated with being able to use ICTs is often referred to as digital literacy.

Yet as described below, digital literacy is not the only “type” of literacy associated

with searching for health information on the Internet.

Health literacy

Health literacy, as defined by the Institute of Medicine of the National Academies,

is “the degree to which individuals can obtain, process, and understand the basic

health information and services they need to make appropriate health decisions”

(Institute of Medicine, 2004). Expanding on this, Jensen, King, Davis, and

Guntzviller (2010, p. 807) argue:

. . .health literacy is an individual’s ability to find and use health information. As

such, health literacy could include basic skills (e.g., reading, writing, mathematics,

speaking), cognitions (e.g., self efficacy, health motivation), and environmental

factors (e.g., access). Put another way, what constitutes health literacy may be

situationally dependent. It is whatever an individual needs to successfully navigate

their health care environment.

In 2003, the National Assessment of Adult Literacy (NAAL) for the first time

included a health literacy component and found that only 12% of US adults had

proficient health literacy levels, with 53% having intermediate levels, 22% having

basic levels, and 14% having below basic levels. The results for older adults aged

651 were even more troubling; only 3% had proficient health literacy levels, while

38% had intermediate levels, 30% had basic levels, and 29% had below basic levels

(Kutner, Greenburg, Jin, & Paulsen, 2006). Previous research has shown that low
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health literacy is significantly associated with less knowledge about personal health

issues, higher hospitalization rates, higher costs of care, and worse health status

(Berkman, Sheridan, Donahue, Halpern, & Crotty, 2011). Low health literacy may

also prevent effective communication between patients and healthcare providers, as

providers may present information in a manner the patient does not understand, or

the patient does not have the knowledge to ask their provider the necessary

questions.

Regardless of health literacy levels, the primary source of health information

tends to be healthcare providers (Gutierrez, Kindratt, Pagels, Foster, & Gimpel,

2014). However, health literacy tends to be one of the more consistent predictors of

successful online health searches (Gutierrez et al., 2014), including among older

populations. In a study comparing younger and older adults on online task perfor-

mance and answering health-related questions using the Internet, researchers found

that increased health literacy was associated with increased search success and

increased success in answering questions wherein prior health knowledge was

required (e.g., flu vaccine recommendations), regardless of the age of the partici-

pant (Agree, King, Castro, Wiley, & Borzekowski, 2015). In addition, in the afore-

mentioned work by Jensen et al. (2010), it was found that health literacy (in

addition to numeracy, outlined in the next section) mediated the relationship

between age and online health information seeking—i.e., those with higher health

literacy were more likely to use the Internet to search for health information.

Numeracy

Another consideration health information providers need to take into account is that

of numeracy ability of older consumers. Numeracy (specifically health numeracy)

is defined as “. . .the degree to which individuals have the capacity to access, pro-

cess, interpret, communicate, and act on numerical, quantitative, graphical, biosta-

tistical, and probabilistic health information needed to make effective health

decisions” (Golbeck, Ahlers-Schmidt, Paschal, & Dismuke, 2005, p. 375). Because

health information provided online can be given in a variety of formats including

charts, tables, and graphs, an individual’s numeracy ability may have a significant

impact on their ability to interpret online health information even when they suc-

cessfully find the information they were looking for. Low numeracy levels may

also prevent an individual from being able to make mathematical computations

with quantitative data from a website without assistance (e.g., calculating and inter-

preting BMI scores). A study by Taha, Sharit, and Czaja (2014) investigated the

association between numeracy ability and an older adult’s ability to complete health

management tasks on an online patient portal. What the investigators found was

that numeracy ability has a significant impact on patient portal task performance

even when accounting for health literacy; i.e., even older adults who scored high on

health literacy showed problems in being able successfully read and interpret health

data when presented in a more quantitative format (such as a table or graph).

Moreover, 39.2% of those in the study found the tables in the patient portal to be

confusing, indicating that “. . .tables displaying numeric information in the portal
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need to be formatted to provide information in a way that is more readily under-

stood by those with low numeracy” (Taha et al., 2014, p. 432).

Taha and colleagues suggest that to account for an older adult’s decreased

numeracy skills, patient portals (and online health information sources in general)

should highlight values that are significant or abnormal (e.g., lab results that are out

of the proper range for a patient) or include supplemental audio or video files to

more fully explain the values and significance of numeric information. Other recent

studies have found similar results. As an example, Sharit et al. (2014) found that

when assessing the usability of online personal health records by veterans, signifi-

cant predictors of task performance included age, health literacy, objective numer-

acy, and graph literacy. The authors suggest that when designing an e-health

interface, potential improvements may include offering “analogies” to assist the

user in interpreting numeric information and to provide aids in audio and/or visual

formats that can be easily accessed but are also not obtrusive. In another study

examining use of personal health records by veterans, Ruiz et al. (2016) found that

lower graph literacy was associated with a decreased likelihood of using an online

personal health record.

Digital literacy

Whereas health literacy refers to the skills and knowledge associated with proces-

sing and understanding health information, digital literacy (broadly speaking) refers

to the skills and knowledge associated with successful use of ICTs, including lap-

tops and desktop computers, smartphones, and tablet computers. Common sense

dictates that in order for an individual to be able to find health information online,

they would first need a basic understanding of digital devices and applications they

would be using to conduct the search. Digital literacy encompasses both hardware

and software skills/knowledge; as an example, an older adult intending to look up a

location of a healthcare provider in the community using a smartphone would need

to know (1) how to activate the smartphone, (2) what maneuvers (i.e., tapping the

screen) are required to operate the smartphone, (3) how to access the Internet from

the home screen (through the use of an app or by opening a browser), (4) how to

navigate to a search engine, (5) how to use a search bar, and (6) how to choose a

search result, to name but a few of the skills needed. In this case, not only does the

older user need to know how to use the Internet, they also have to know how to

operate a smartphone in general. For most tech-savvy individuals, these processes

may seem straightforward and simple; however, for an individual with little-to-no

ICT experience, they can be quite challenging.

Lacking ICT knowledge is often a deterrent to use ICTs such as smartphones

(e.g., Neves, Amaro, & Fonseca, 2013). Even so, just being online and having pass-

ing knowledge of ICTs may not be enough to promote health and well-being; as an

example, Leung (2010) found that Internet-connectedness does not alone predict

quality of life (i.e., being online did not significantly predict increased well-being),

but digital literacy was significantly associated with quality of life. This implies

that those with more technical knowledge may be better equipped to use the digital
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tools at their disposal to fulfill online tasks. With regards to health information

searches, those with decreased digital literacy tend to be less successful in complet-

ing health-based tasks like looking up information on specific illnesses, information

on treatment options, information on prescriptions, etc. (Feufel & Stahl, 2012;

Sharit et al., 2015).

It is no wonder that, in much of the literature examining health information

seeking among older adults, the concept of literacy is found to be a significant and

powerful predictor of success. Searching for health information requires multiple

competencies: a basic understanding of health and healthcare, some numeric

proficiency, and digital know-how.

Attitudes toward technology

A significant barrier to successful ICT adoption and use particularly among older

adults is that of attitudes toward technology (e.g., Vroman, Arthanat, & Lysack,

2015). Many older adults perceive themselves as unable to learn to successfully use

ICTs or lack the confidence in their ability to learn and master the technology,

which in turn can inhibit learning (Boulton-Lewis, Buys, Lovie-Kitchin, Barnett, &

David, 2007; Gatto & Tak, 2008). As argued by Berkowsky, Cotten, Yost, and

Winstead (2013), “In order to undertake the often tedious process of learning to use

technology, older adults must be persuaded that the outcome is worth the effort

involved.” Indeed, when comparing younger and older technology users, attitudes

toward technology is often overlooked; while most would believe the largest differ-

ence between these groups would be in digital literacy, research has shown that dif-

ferences in confidence and overall attitudes can be just as drastic, if not more so

(Mitzner et al., 2010).

Research has shown that tailored technology training interventions can success-

fully improve older adults’ attitudes toward technology and decrease perceived lim-

itations to ICT use. In a study examining ICT use in CCRCs, older adults took part

in an 8-week technology training course designed specifically to address the physi-

cal and cognitive learning needs of older adults in this setting. The specially-

designed training included the development of a tailored training manual, use of

specialized equipment (large trackball mice, large keyboards), and both formal class

instruction as well as optional one-on-one instruction. The results of the study found

that when comparing pre-intervention survey responses to post-intervention survey

responses, CCRC residents reported more positive attitudes toward using a com-

puter and the Internet (such as feeling less intimidated by computers); in addition,

CCRC residents reported experiencing fewer perceived limitations to using ICTs—

as an example, fewer participants reported that computers and the Internet were too

complicated and hard to use (Berkowsky et al., 2013; Cotten et al., 2016). Other

studies support the notion of tailored training promoting more positive attitudes

toward technology (Laganà, 2008; Laganà, Oliver, Ainsworth, & Edwards, 2011);
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research shows that the benefit of technology training can go well beyond that of

increased digital literacy and skill.

Yet while having more negative attitudes toward technology may be a significant

barrier for general ICT use and getting online in the first place (Vroman et al.,

2015), online search performance itself may be less affected by attitudes among

older adults. Previous research has shown that, when examining older adults’ health

information seeking task performance, there tends to be no significant difference

between the best and worst performers on attitude measures (Czaja et al., 2010).

Also, in the aforementioned CCRC study, while significant changes were found in

the study population on measures of attitudes toward technology and perceived lim-

itations to using ICTs by the end of the technology interventions, no significant

change was found with regards to the amount of health information searches that

were conducted (Cotten et al., 2016, p. 92). Such studies imply that while negative

attitudes toward technology may prevent older adults from using the Internet to

conduct health information searches, it does not pose a significant barrier to con-

ducting a successful search among those who are already online; in such cases,

technology experience and/or digital literacy may be more of an important factor

(Czaja et al., 2010).

Related to attitudes toward technology, attitudes toward e-health websites may

also play a role in health information seeking. Consumers are more likely to utilize

a health-oriented website for health information if they deem the website trustwor-

thy. Numerous factors may go into a consumer’s decision on whether or not to trust

a website—they may evaluate the content of the website, the design and layout

of the website, and the source of the information, among other things, before deem-

ing the website trustworthy and the information reliable (e.g., Sillence, Briggs,

Harris, & Fishwick, 2007).

Addressing the challenges older adults face

There is the potential for older adults to greatly benefit from being online (Cotten

et al., 2016), particularly from being able to use ICTs to search for health informa-

tion and successfully integrate it into their healthcare plan (Sharit et al., 2016).

While the number of older adults who are utilizing ICTs to search for and use

online health information is increasing, there are significant barriers to successful

use and conducting successful searches. As previously outlined, these barriers mani-

fest in many forms, including physical limitations (vision, motor skills), cognitive

issues and/or impairment, decreased literacy (health literacy, numeracy, digital liter-

acy), and more negative attitudes toward technology (which has less of an effect on

search performance, but may still significantly prevent older adults from being able

to conduct an online health search). We conclude this chapter with recommenda-

tions for technology designers and technology training interventionists looking to

decrease the digital divide (or more specifically, the e-health divide) to keep in
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mind when creating technologies or classes specifically catered toward older

consumers.

Designing interfaces that are friendly to older users

Becker (2004) investigated the usability of 125 online health resource websites

using guidelines for older adult-friendly web design recommended by the National

Institute on Aging and found that a majority of resources did not score high on

usability. Many of the challenges older adults face in seeking health information

can be tackled in the technology design phase. Some suggestions based on previous

literature and our own experiences in the field of technology and aging are outlined

here, and can be applied to both immobile ICTs (e.g., desktop and laptop compu-

ters) or mobile devices (e.g., smartphones):

� Accommodating visual impairment—Use large font sizes, use font styles that are easy-to-

read (Becker, 2004; suggests sans serif styles such as Arial), use highly contrasted colors

between the foreground and background, avoid use of patterned images and backgrounds

that may cause eye strain, create a search bar that is large and easy to locate on a screen,

and avoid overloading the webpage with visual content that may be viewed as “clutter”

(and thus distracting) by the user. In addition, provide audio content for users to listen to

(i.e., a video which summarizes the content on the page). Those that focus on hardware

design can also develop screens that reduce glare and allow the user to easily change the

brightness of the screen.
� Accommodating declines in motor skills—Consider designing website navigation to mini-

mize more advanced mouse skills (i.e., make all clickable tabs and links large enough for

those who experience difficulty steadying the cursor, or avoid including buttons that

require the user to double-click). This includes minimizing the use of a mouse to scroll,

as scrolling requires a precise mouse click on page-up and page-down arrows that can be

hard to locate and hard to click on for those with unsteady hands. In addition, designing

the health website for use with a touchscreen interface allows older adults who cannot

successfully use a mouse to still have options with regards to accessing health

information.
� Accommodating diminished cognitive ability—Organize material in a standard and consis-

tent format and avoid creating visual content that can be viewed as “clutter” (and confuse

the user). Health information should be written in plain language, such as at a fifth grade

reading level, that is easy to understand and interpret, and when possible use an active

rather than passive voice when presenting content (as research shows that an active voice

reduces cognitive demands such as working memory; see Park, 1992).
� Presenting content for all literacy levels—Presenting the content in easily digestible for-

mats can more easily accommodate those with low literacy. Presenting health information

in lay terms (and at a fifth grade reading level) with appropriate illustrations and photos

can assist those with low health literacy; as suggested by Sharit et al. (2014), “analogies”

may also assist those with low health literacy. Keeping sentence structure simple can also

help, and presenting content in multiple languages can assist those for whom English is

not their primary language. Minimizing the use of complicated charts or graphs, or includ-

ing additional audio/video content to help explain these charts and graphs, can assist those

with low numeracy skills. Minimizing the quantitative expectations of the user also avoids

confusion (e.g., rather than provide a user with a formula to calculate BMI by hand,
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include a calculator right into the webpage for users to input numbers and have the site

conduct the calculation for them). To accommodate those with low digital literacy,

include a site map and a help feature to make navigation easier and make sure a search

bar is easily visible and easy to use, in addition to some of the already-mentioned recom-

mendations that minimize complicated mouse procedures (e.g., scrolling).
� Promoting trust between the user and the health source—The National Institutes of

Health (2011) along with many other organizations have come out with help-sheets for

consumers to use when evaluating health information online; it would behoove designers

to use these help-sheets as a starting point to know what information to include on a

health resource site to promote trust between the site and the user. This includes incorpo-

rating detailed information on who runs the website and who funds it (e.g., government

organization or a pharmaceutical company), who provides the content of the site (e.g., a

physician vs. a layperson) and who reviews it, is there an easily findable privacy state-

ment and/or terms of service statement, and how the site interacts with users (e.g., is there

a physical or email address to contact the content’s writer). Transparency is key when

promoting trust.

The benefit of technology training

As mentioned earlier in this chapter, Cotten et al. (2016) conducted a technology

intervention study and found that older adults who took part in the classes reported

more positive attitudes toward technology, fewer limitations to using ICTs, and

decreased feelings of loneliness. Technology training interventions can provide

older adults who lack the confidence or appropriate physical/cognitive resources to

learn to use ICTs more effectively. As previously outlined, the digital divide (and,

thus, the e-health divide) does not simply encompass issues of access, but also

issues of literacy and skill. Technology training can help overcome these issues.

Some suggestions for those looking to create their own technology training courses

include:

� Cater to the needs of the older learner—When conducting a class, know what the physi-

cal and cognitive limitations of your group are. If there are participants with vision or

hearing issues, seat them close to the front of the class and use a microphone. Speak

loudly and slowly to allow those with cognitive issues to be able to more easily process

new information. On the topic of cognitive ability: as previously demonstrated, those with

lower cognitive ability may have difficulty with online searches using a bottom-up search

approach; as such, be open to teaching numerous different search procedures to cater to

the needs of the specific students.
� Have the appropriate equipment—Those with issues with motor skills may require a

mouse that is different from a typical mouse (e.g., a mouse with a large trackball). Those

with vision issues may need keyboards with larger keys and computers with large screens

and high resolutions.
� Present class content in numerous formats—Have both formal class sessions as well as

one-on-one sessions for those who need more personal assistance and more individualized

instruction. Create a custom training manual that contains the lesson plans (and minimize

extraneous material; too much seldom-used material may confuse those with low cogni-

tive ability). Include step-by-step instructions in the manual as well as screenshots.
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These suggestions are merely a sample of the considerations technology

designers and trainers may take into consideration when promoting health informa-

tion seeking among older adults. By taking a more active and applied approach,

researchers can help decrease the digital divide and enable more older adults to

take a more active role in their health management.
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Introduction

Within the next 40 years the number of older adults (over 65 years of age) in the

world is expected to exceed the number of younger adults for the first time in his-

tory (Goldstein, 2010; UN, 2010; 2011). In the United States, older adults are the

fastest growing segment of the population and the most frequent consumers of

health information. Not surprisingly, the occurrence of chronic illnesses increases

with age, with 69% of older adults having two or more chronic illnesses (Bayliss,

Steiner, Fernald, Crane, & Main, 2003; Hoffman, Rice, & Sung, 1996). Successful

management of chronic illness is a complex endeavor that requires patient engage-

ment and participation by their families and friends. Daily self-management has mul-

tiple components, such as interacting with health care providers and electronic

health record (EHR) systems, following medication instructions, adherence to treat-

ment recommendations, and engaging in activities that promote physical and psycho-

social health (e.g., exercises, changes in diet), just to mention a few examples. These

activities in turn depend on several factors including the patient’s physical condition,

financial constraints, system resources, logistics to obtain care (e.g., patient-centered

care), patient’s needs for social and emotional support, adequate health literacy and

numeracy skills, and cognitive abilities more broadly. To sum up, older adults con-

stitute the most vulnerable demographic group, because, while they are more likely

to need to self-manage chronic illness, they are more disproportionally affected by

inadequate health literacy and lower numeracy skills essential to self-care (Finucane

et al., 2002; Galesic & Garcia-Retamero, 2010; Speros, 2009).

In this chapter we focus on health literacy in relation to self-management of

chronic illness. Health literacy is often defined as the degree to which individuals

have the capacity to obtain, process, and understand basic health services and

information needed to make appropriate health decisions (Ratzan & Parker,

2000). These activities depend on the cognitive and social skills that determine

the ability to maintain, and promote, good health (Speros, 2009; World Health

Organization, 2009).

Approximately only 20% of American adults have adequate health literacy to

successfully understand health information and navigate the demands of the health
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care system (Brach et al., 2014; Kutner, Greenberg, Jin, & Paulsen, 2006). According

to the 2003 National Assessment of Adult Literacy, which surveyed 19,000 adults and

was the first-ever US national assessment of health literacy, only 3% of older adults

who were surveyed were considered proficient, having lower health literacy scores

compared with all other age groups surveyed (Kutner et al., 2006).

Health tasks that involve numeric information may pose particular challenges for

older adults—numeric-based concepts are prominent in health-related communica-

tion and self-care (Schapira, Mozal, Shofer, Gonzalez, & Apter, 2017). The tasks

needed to navigate health care systems (e.g., navigating patient portals) often

require the ability to make sense of numbers—“mathematical literacy” or numeracy

(Nielsen-Bohlman, Panzer, & Kindig, 2004; Peters, 2012; Rothman, Montori,

Cherrington, & Pignone, 2008). Patients with lower numeracy are more likely to

struggle with such tasks. For example, they may misunderstand test results, under-

mine health decisions, behaviors, and outcomes (Apter et al., 2008; Gardner,

McMillar, Raynor, Woolf, & Knapp, 2011; Schapira et al., 2017), which are pro-

blems that especially affects older adults (Delazer, Kremmler, & Benke, 2013).

Traditionally, providers help patients understand medical information, reducing

the mismatch between patient’s health literacy and numeracy skills and the demands

of the health system (Black et al., 2015; Brach et al., 2014). During face-to-face

interactions, they discuss the meaning of the numbers and help patients plan actions

and treatment to address the risks indicated by their test results and diagnosis. While

there is general agreement that face-to-face communication between patients and

providers is central to effective patient education, there is also recognition of dimin-

ishing time for that to happen, so that critical information is less likely to be consis-

tently conveyed. In addition, information that is presented may not be remembered

(Kessels, 2003) or correctly understood by patients (Street et al., 2009).

Health information technology and the Internet have tremendous potential to

transform health care, particularly through EHR portal-based systems, which allow

patients to access health information and services when needed and desired (Black

et al., 2015; Sharit et al., 2014; Sharit et al., 2016; Taha, Czaja, Sharit, & Morrow,

2013). EHR systems have the potential to support collaboration between patients

and providers, despite diminished opportunities for face-to-face communication.

These systems have expanded the delivery of health information to patients because

of federal requirements for “meaningful use” of EHRs (IOM, 2012), with some evi-

dence that they improve patient outcomes (Ammenwerth, Schnell-Inderst, &

Hoerbst, 2012). However, these systems’ full potential for supporting patient-

centered care has still to be realized (Stead & Lin, 2009; IOM, 2012) for at least

two inter-related reasons. Firstly, EHR portals and other forms of health technology

are underutilized by patients. Secondly, this underutilization increasingly reflects

limited “cognitive access” rather than technology access because poorly designed

systems increase demands on patients’ cognitive ability, posing a barrier to self-

care (Gardner et al., 2011; Griffin et al., 2016; Schapira et al., 2017). For example,

EHR systems often function more as information repositories than as tools to

engage patients in self-care. Simply having access to health information is insuffi-

cient to guarantee that patients will be able to use that information to improve their
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health care (Zikmund-Fisher et al., 2017). As a consequence, those patients with

greater abilities are more likely to be able to use these systems, while the less capa-

ble, who are most in need of self-care support, are less likely to use them (“the rich

get richer and the poor get poorer,” a.k.a. the “Matthew effect,” Merton, 1968).

This is especially the case for patients with limited numeracy-based skills because

of the prevalence of numeric information on patient portals. Research suggests that

even when controlling for decline in cognitive ability, EHR use among older adults

is predicted by limited numeracy (Delazer et al., 2013; Sharit et al., 2014, 2016;

Taha et al., 2013).

In this chapter we describe the importance of theory, principles from the cogni-

tive science of teaching and learning, and research methods in designing technology

for older adults in the domain of health care. To exemplify this central argument,

we adopt our framework to design and use EHR portals (Fig. 3.1), which encom-

passes theories from cognitive and behavioral science as well as human factors/

engineering approaches (Morrow et al., 2017).

We next elaborate that argument and specific components of the framework.

“The role of education, knowledge and health literacy in EHR portal use” section

expands on the role of patient’s education, knowledge and health literacy in EHR

portal use. “The role of numeracy skills in EHR portal use” section focuses on the

role of numeracy skills, as a special case of literacy (mathematical literacy) and its

relation with health decision-making and EHR portal use (e.g., fuzzy-trace theory

(FTT)). “Affective responses, gist comprehension and decision making” section

describes the interaction between affective processing, gist comprehension, and

decision making (e.g., behavior change theories). “Enhancing EHR portal message

formats to support older adult’s self-care” section details how our framework guides

design of EHR portal-based information that reduces the demands of comprehen-

sion and decision-making on health literacy and numeracy skills, and cognitive

Figure 3.1 Framework guiding the design and evaluation of EHR portal-based information

(Morrow et al., 2017).
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abilities more broadly, so that EHR systems can better support patient-centered

care. Finally, “Conclusion” section presents final considerations.

The role of education, knowledge and health literacy
in EHR portal use

Literacy is defined as the basic ability to read and write a given language, while

functional literacy is the ability to use reading, writing, and computational skills at

a given proficiency that is compatible with the needs of daily life situations (e.g.,

self-managing illness; self-managing personal finances), in order to function in soci-

ety (Andrus & Roth, 2002; Baker, Williams, Parker, Gazmararian, & Nurss, 1999;

Parker, Baker, Williams, & Nurss, 1995; Ratzan & Parker, 2000).

Inadequate health literacy skills are a significant barrier to self-care (see Andrus &

Roth, 2002). Patients are constantly expected to read and understand textual and/or

numerical information often written at levels that exceed their general education and

reading level (Doak & Doak, 1980; Davis, Crouch, Wills, Miller, & Abdehou, 1990;

Davis et al., 1994; Jackson et al., 1991; Williams et al., 1995). The process-

knowledge model of health literacy (Chin et al., 2011; Morrow & Chin, 2015) draws

on theories of text comprehension to identify the mechanisms and processes involved

in patients’ comprehension of health information. These include word recognition and

the integration of concepts associated with words into propositions. Furthermore,

comprehension processes depend on cognitive resources (e.g., speed of processing,

working memory (WM) capacity, and executive function), (e.g., Kintsch, 1988,

1994). In addition, comprehension of health information depends on patients’ goals

and illness experience, as information (e.g., clinical scores) may be integrated with

knowledge (see the lower left part of Fig. 3.1) in order to create a mental model of

the self-care plan or task described by the text (Morrow & Chin, 2015).

Lifespan theories of cognitive development postulate that the acquisition of

knowledge, which includes domain-specific knowledge (e.g., health knowledge),

varies tremendously across the lifespan (Baltes, 1987; Cattell, 1963; Horn &

Cattell, 1967; Salthouse, 2003). As seen in the left part of Fig. 3.1, aging influences

health literacy and comprehension of health-information, because of age-related

changes in the cognitive and affective resources needed for comprehension

(Finucane et al., 2002). Processing capacity tends to decline with age (e.g., attention

control, response inhibition, working memory/problem solving, self-awareness)

(Barrington & Yoder-Wise, 2006; Salthouse, 2003; Salthouse & Babcock, 1991;

Speros, 2009). On the other hand, knowledge (of language and domain-specific:

health-related concepts) tends to grow with age-related increases in experience

(Cattell, 1963; Beier & Ackerman, 2005; Horn & Cattell, 1967; Salthouse &

Babcock, 1991; Salthouse, 2003).

Hence, comprehension processes depend on several types of cognitive abilities

or resources, as well as age and education (see Fig. 3.1). In addition, age-related

abilities (limits and gains) interact to influence health literacy (Chin et al., 2011)
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and comprehension of health information (Chin et al., 2015), such that high levels

of general knowledge can offset processing capacity limits on comprehension.

Regardless of processing capacity, those individuals with higher levels of knowl-

edge can recall more self-care information. However, older adults with low health

literacy may not have high levels of knowledge to offset age-related declines in pro-

cessing capacity. For example, Cheng et al. (2005) report that adults generally

know little about their current or target cholesterol scores, and even patients with

previous history of cardiovascular diseases were no better at comprehending their

cholesterol targets than those without cardiac problems, which suggests that while

health literacy is important it does not solely account for all aspects of comprehen-

sion. Specifically, health decisions that are heavily based on numeric information,

as in the case of cholesterol test results, pose additional challenges for comprehen-

sion (Peters et al., 2009; Peters, Västfjäll, Slovic, et al., 2006).

The role of numeracy skills in EHR portal use

Numeracy, the “ability to understand and use numbers in daily life” (Rothman

et al., 2008), complements the concept of literacy, and is sometimes also called

“mathematical literacy”. At its core, numeracy refers to one’s ability to represent,

store, and accurately process mathematical operations (Peters, 2012) and, as a com-

ponent of health literacy, it is particularly important for utilizing EHR systems

because so much portal-based information is numeric.

Goldbeck, Ahlers-Schmidt, Paschal, and Dismuke (2005) suggest that numeracy

consists of four main skills: Basic (e.g., identifying numbers), computational (e.g.,

simple manipulation of numbers), analytical (e.g., inferences, estimations and pro-

portions), and statistical (e.g., probability, risk evaluation). Analogous to the con-

cept of “functional literacy” is the concept of “functional numeracy” which

involves the ability to appropriately apply math skills to perform particular tasks

and figuring out which math skills are needed in a given context. It has been com-

monplace to accept that both literacy and numeracy skills are essential to everyday

life given the variety of numerical information that we process daily (Castel, 2007;

Peters, 2012). As mentioned by Peters (2012), numerical information must fre-

quently be considered when making decisions, but numbers can be difficult to eval-

uate because they are abstract symbols, and context changes their evaluative

meaning (e.g., 9�F, $9 billion, 9% chance of a tsunami).

In the health-domain, Federal “meaningful use” EHR guidelines require health

organizations to provide patients results from lipid panel, blood glucose, MRI, and

other complex tests through portals (IOM, 2012). This use arises from the Medicare

and Medicaid EHRs Incentive Programs, designed to improve patient care (Black

et al., 2015; Schapira et al., 2017). Although these requirements mandate providing

patients with this information, there is no corresponding guidance about effective

formats for communicating the information to older adults. In health care, patients

with lower numeracy are more likely to misunderstand test results, undermining

health decisions, behaviors, and outcomes (Apter et al., 2008; Black et al., 2015).
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As shown in the Health Literacy/Comprehension box in Fig. 3.1, as with all

complex skills, individual differences in numeracy will reflect the interaction of

many cognitive and affective mechanisms that vary by context and situation. Health

numeracy declines with age, in part as a result of cognitive declines in executive

functions and calculation abilities (Delazer et al., 2013). However, evidence also

suggests that individual differences in numeracy are often independent of fluid abil-

ity (Peters, 2012). Hence, not surprisingly, limited numeracy is an important predic-

tor of portal use among older adults, even when controlling for cognitive ability

(Delazer et al., 2013; Sharit et al., 2014, 2016; Taha et al., 2013). For example, the

comprehension of lipid panel results requires understanding each component results

with different scales. For example, a higher “low density lipoproteins” (LDLs)

score means more risk, but a higher “high density lipoproteins” (HDLs) score

means less risk. It also requires integrating the components information into a

global interpretation (high HDL protects against higher LDL). It requires identify-

ing numbers and comparing them with each respective scale (basic and computa-

tional skills), as well as making inferences and calculating proportions to obtain an

overall evaluation of risk—analytical and statistical (Goldbeck et al., 2005). This

may help explain why adults generally know little about their current or target cho-

lesterol levels (Black et al., 2015; Cheng et al., 2005; Nash et al., 2003).

FTT provides a framework to understand the relation between numeracy and

health decision-making, explaining differences in numerical processing in terms of

cognitive representations and memory. According to FTT (Reyna, 2004; Reyna &

Lloyd, 2006; Reyna, Nelson, Han, & Dieckmann, 2009) cognition is said to involve

simultaneous encoding of verbatim information (“literal numbers and facts,” e.g.,

7:00 a.m.) and gist information (“fuzzy meaning or interpretations,” e.g., “time to

wake up”) into two separable and distinct forms of memory. The verbatim memory

trace has been described as an accurate (nonelaborated) representation of experi-

enced events. It corresponds to the surface-level of comprehension and information

source. The gist memory trace is defined as “an abstract representation of semantic

content that does not incorporate details of surface form” (Reyna & Kiernan, 1994,

p. 180). Gist reasoning combines details with previous knowledge to generate

meaning and it is personally salient (Chapman & Mudar, 2013). For example, when

evaluating two options with different prices, individuals can be shown to encode

both verbatim information (e.g., “option one costs $25 dollars and option two costs

$0”) as well as gist information (e.g., “the cost is something versus nothing” or “the

first option is more expensive than the second option”).

Slovic and Peters (2006) suggest that individuals may process the gist of infor-

mation more than its verbatim meaning, but highly numerate individuals may derive

richer gist from numbers, including their affective meaning. In that sense, when

individuals are able to link new information to familiar and past experiences, they

can extract number magnitudes more readily, use early controlled processes to gen-

erate qualitative, and evaluative gist representations or desire greater accuracy with

numbers.

Overall, unless the task requires specific verbatim information retrieval, older

adults should demonstrate superior understanding of numerical health information
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by integrating domain-related knowledge and affective responses, using heuristics

at the level of gist representation, which should mitigate the demands on health lit-

eracy and numeracy skills, and cognitive abilities more broadly, as illustrated on

Fig. 3.1. More specifically, the affective avenue and the associations to familiar

and previous experiences can be used to leverage EHR designs and gist compre-

hension (Morrow & Chin, 2015; Morrow et al., 2017; see also Garcia-Retamero &

Cokely, 2011).

Affective responses, gist comprehension
and decision making

As motivated by our framework (see: lower central part of Fig. 3.1), aging is also

accompanied by increasing focus on affect and emotion, which influences compre-

hension, risk perception and decision making about health information. Peters,

Västfjäll, Gärling, & Slovic (2006) highlights the importance of affect in decision-

making and numeracy. First, according to the “affect-as-information” hypothesis,

affect can act as information itself. People consult their feelings at the moment of

making decisions or judgments, by asking “How do I feel about this?” (Clore et al.,

2001; Loewenstein, Weber, Hsee, & Welch, 2001; Schwarz & Clore, 2003; Slovic,

Finucane, Peters, & MacGregor, 2002). The feelings themselves are often based on

prior experiences and thoughts (Damasio, 1994) or the result of an ephemeral emo-

tional state (e.g., mood, Bower, Monteiro, & Gilligan, 1978; Hess, Popham, Emery,

& Elliott, 2012). Emotional processing and emotional regulation increasingly

develop across the lifespan (Blanchard-Fields, 2007; Carstensen, 2006; Carstensen,

Pasupathi, Mayr, & Nesselroade, 2000; Scheibe & Carstensen, 2010). For example,

according to socioemotional theory, older adults are better at regulating their emo-

tions and favor positive over negative stimuli in cognitive processing—positivity

effect, Carstensen, 2006; Carstensen, Isaacowitz, & Charles, 1999; Charles &

Carstensen, 2010; Reed & Carstensen, 2012. Other theories conceptualize changes

in affective response as compensatory strategies to adapt to age declining effects

and diminishing cognitive capacities associated with age (Labouvie-Vief, 2003).

Secondly, affective processing is a key component of gist comprehension, which

facilitates appropriate judgment and decision-making (Loewenstein & Lerner, 2003;

Loewenstein et al., 2001; Reyna & Brainerd, 2008). Complex thoughts and infor-

mation are translated into simpler affective evaluations, allowing decision makers

to compare and integrate good and bad feelings rather than attempt to make sense

out of a multitude of conflicting logical reasons. In that sense, affective information

can be more easily and effectively integrated into judgments than nonaffective

information (Peters, Västfjäll, Gärling, et al., 2006; Loewenstein & Lerner, 2003;

Loewenstein et al., 2001).

Furthermore, affective processing plays a crucial role in health decisions based

on numeric information (Peters et al., 2009; Peters, Västfjäll, Gärling, et al., 2006).

Affect appears to serve as a common currency in comprehension, allowing us to
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compare the values of very different decision options or information without impos-

ing heavy demands on processing capacity (Peters, Västfjäll, Gärling, et al., 2006).

For instance, older adults can also capitalize on domain-knowledge and expertise to

improve verbatim memory for numeric information. Castel (2005) found that older

adults were particularly better at remembering the price of grocery items that were at

market value (e.g., milk $3.29), relative to younger adults, assumed to be less experi-

enced with the current prices. However, that age-related verbatim memory-advantage

was nonexistent when items were priced unrealistically (e.g., bread $12.49). Thus,

Castel (2005) shows that expertise helped older adults remember numerical informa-

tion when prices were somewhat consistent with their prior knowledge.

Moreover, emotions have also been linked to health-related risk perception, or

“judgments about the likelihood of a given outcome” (Ferrer, Klein, Lerner, Reyna,

& Keltner, 2014). For example, it is believed that risk perceptions may be systemat-

ically influenced by fear, anger, and happiness (Ferrer et al., 2014; Rogers, 1975).

Because illness threats so often underlie decisions about an individual’s health care,

the interaction between risk perception and affective response plays a prominent

role in making these types of health care decisions. In that sense, affective proces-

sing should influence decisions based on avoiding losses to acquiring equivalent

gains (e.g., framing effects, Tversky & Kahneman, 1974). Peters, Västfjäll, Slovic,

et al. (2006) provided an experimental example to support this hypothesis. They

asked participants to rate the work quality of undergraduates described in positive

frames (e.g., Emily got 74% correct) or negative frames (e.g., Emily got 26% incor-

rect). As predicted by the authors, highly numerate decision makers showed signifi-

cantly smaller framing effects than did the novices or less numerate, who rated

work quality substantially higher in a positive than negative frame. One explanation

for this effect using the framework of FTT is that, highly numerate decision makers

(experts) were able to reevaluate the same question (Emily got 74% correct or 26%

incorrect) in terms of gist representation (Peters, Västfjäll, Slovic, et al., 2006) miti-

gating the effects of framing. On the other hand, Garcia-Retamero and Cokely

(2011) demonstrated that by adding visual aids to health information brochures,

younger adults became equally and highly effective in understanding and promoting

health behaviors, both in gain- and loss-framed messages. In that sense, the authors

were able to show desirable means of risk communication and effects on health

care attitudes and behavioral intentions by enhancing messages with well-designed

formats that promote gist comprehension and affective reactions. Considering that

less numerate decision makers are more vulnerable to the effects of framing, the

benefits of enhanced messages (e.g., graphics and multimedia) should be even

greater for comprehension comparatively with standard text-based formats.

It is known that there is a long pathway between comprehension and actual

changes in behavior. Theories of behavior change (Ajzen & Fishbein, 1977; Ajzen

& Madden, 1986; Meyer, Leventhal, & Gutmann, 1985; Schwarzer, Luszczynska,

Ziegelmann, Scholz, & Lippke, 2008) indicate that risk-perception shapes attitudes

toward actions intended to mitigate the perceived risks. Then, these behavioral atti-

tudes predict intention to perform the corresponding behaviors, which predict per-

formance of the behaviors (for a review, see: Webb & Sheeran, 2006). In addition,
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changes in health behaviors are also influenced by other factors as well, such as

beliefs about whether the perceived actions are linked to the illness (Brewer et al.,

2007) and the patient’s readiness to change (e.g., transtheoretical model, Prochaska

& DiClemente, 2005). For instance, patients may comprehend that their cholesterol

results indicate high risk for cardiovascular illness, but they do not believe that

exercising or changing their diet will reduce risk. In that sense, affect serves as a

motivator of information processing and behavior (Peters, Västfjäll, Gärling, et al.,

2006). Affect is linked to behavioral tendencies of approach or avoidance (Chen &

Bargh, 1999), and incidental mood states also have been shown to motivate behav-

ior as people tend to act to maintain or attain positive mood states (Bower et al.,

1978; Isen, 2000).

Affect-processing also appears to play a role to allocate attention and on encod-

ing of new information. The extent or type of affective feelings (e.g., weak vs

strong affect or anger versus fear) focuses the decision maker on new information

(Nabi, 2003; Peters, Västfjäll, Gärling, et al., 2006). Furthermore, affect can be

experienced as feedback (Clore & Huntsinger, 2007; Clore et al., 2001). In many

situations, people engage in relational processing, or in other words, they relate

new information to what is already known or believed. Overall, positive affect tends

to reinforce this tendency, leading to gist (relational, cognitive, interpretive,

category-level, and global) processing, whereas negative affect tends to inhibit this

tendency, leading to verbatim (referential, perceptual, item-level and local) proces-

sing (Clore & Storbeck, 2006; Clore et al., 2001). That effect seems to be more

prominent and amplified with low-knowledge readers.

Enhancing EHR portal message formats
to support older adult’s self-care

We now describe an interdisciplinary research project that leverages expertise in

computer science, medicine, human factors, and educational psychology to improve

portal-based information needed for self-care (for details see Morrow et al., 2017).

Guided by the framework in Fig. 3.1, we developed portal message formats pre-

dicted to improve gist comprehension by reducing demands on abilities that decline

with age (numeracy, literacy and cognitive abilities) and leverage age-related assets

(knowledge and affective processing).

Text-based formats

Clinicians at our partner health organization have expressed concern that their

patients can become confused about test results presented in text-based formats cur-

rently delivered through their EHR portal without prior discussion with their pro-

vider. According to their experience, patients need to call for assistance to

understand their results. In their view, the portal may sometimes increase, rather

than reduce, clinical workload and impacts on the quality of care delivered to
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patients. Several clinical test results provided on portals are composed mostly of

text information (e.g., Figs. 3.2 and 3.3).

While simplicity is often beneficial (the principle of parsimony, a.k.a. Occam’s

Razor), often these formats do not provide the affordances and cognitive resources

that patients need in order to deal with complex operations. Firstly, text formats are

inadequate because they are hard to understand in many cases. Research has docu-

mented innumerous ways in which providers and patients struggle to grasp basic

concepts that are prerequisite for accurate judgement and communication of risks

(Gigerenzer et al., 2007; Peters, Västfjäll, Slovic, et al., 2006; Schwartz et al., 1997).

Secondly, text formats for test results are inadequate because they are not informa-

tive enough to support guide-appropriate self-care management (e.g., Fig. 3.2).

Patients often desire to compare their results with previous numerical scores or

with average numbers of other patients under similar conditions. In order to do that,

typically a numerical reference point (e.g., range), or some basic descriptive statis-

tics (e.g., percentage scores or average scores) are needed.

Typically, messages in EHR portals contain numerical information in

table formats (Zikmund-Fisher et al., 2017). For example, clinical test results are

presented as a table of numbers accompanied by minimal information about the

scale of each score (e.g., Fig. 3.3). Sometimes, this table is followed by a textual

summary statement about the overall level of risk associated with the test results, or

some other verbal commentary.

Enhanced-formats

There is evidence that actively generating and elaborating on explanations of com-

plex materials promotes understanding. Memory demands are attenuated when

Figure 3.2 Example of text-only message.

Figure 3.3 Standard message format (Morrow et al., 2017).
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information is presented in formats that encourage abstraction, integration, elabora-

tion, in terms of gist representations (Douglas & Caldwell, 2011; Galesic & Garcia-

Retamero, 2010; Garcia-Retamero & Cokely, 2011, 2013; Garcia-Retamero &

Galesic, 2009; Wolfe et al., 2015).

Comparatively with the previous format, one learning principle utilized is to

reduce the unnecessarily extraneous cognitive load (Sweller, 1988) to compare dif-

ferent columns on a table, representing the information in a more consolidated way

into each respective cell (Spool et al., 1997). That should reduce some demands on

working memory. It is known that users can remember relatively few items of infor-

mation for a relatively short period of time (Baddeley, 1992; Cowan, 2001; Miller,

1956). An explanation of a number should be given spatially near the numeric

information on the display, as an application of the contiguity learning principle

(Mayer, 2001; Wickens, Hollands, Banbury, & Parasuraman, 2013). In addition,

if users must make comparisons, it is best to have the items being compared side-

by-side so that the design reduces the demands on working memory (Leavitt &

Shneiderman, 2006; Wickens et al., 2013).

Verbally enhanced formats

Both previous formats (Figs. 3.2 and 3.3) challenge patients with limited numeracy

and literacy skills, making it difficult to understand the gist of the test results

(Black et al., 2015; Gardner et al., 2011; Schapira et al., 2017; Zikmund-Fisher

et al., 2017). Verbally enhanced formats add verbal support for comprehension,

especially at the gist level. The same information as in the numeric and text-based

format (EHR typical standard) is presented, but annotated with verbal labels to indi-

cate the degree of risk for diseases and health complications. Words that label the

level of risk associated with results provide more information about the range of

scores for a test and how they map into evaluative qualitative categories that sup-

port meaningful processing (Peters et al., 2009) and gist-level understanding of

implications for risk (Reyna, Lloyd, & Whalen, 2001). The verbally enhanced for-

mat should impose fewer demands on numeracy and processing capacity (e.g.,

working memory) and take advantage of age-related increases in linguistic knowl-

edge and affective processing. More specifically, the textual and numerical informa-

tion is enhanced with verbal cues related to the risk level associated with numbers

(Fig. 3.4). In that way, older adults can develop affectively as well as cognitively

meaningful gist representations that support health decisions (Peters et al., 2009).

The column of units has been integrated to the corresponding headers. In addition,

the column headings and components indicate to users how each score should be

labeled or identified, focusing on the significance of the score in the overall ranges

presented.

Furthermore, adding the complete information about the regions of risk associ-

ated with the scale for each score, and the labels for evaluative categories (low, bor-

derline, high risk levels) can provide context for interpreting the specific numbers

in relation to the appropriate risk category. These labels are evaluative, helping

patients interpret the numbers in terms of affectively meaningful gist representa-

tions (Peters et al., 2009; Reyna et al., 2001).
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Because patients are often confused about the different meaning of total choles-

terol, triglycerides, LDL, and HDL numbers and how to integrate these numbers

into an overall interpretation of risk (Goldman et al., 2006), a brief verbally

enhanced summary statement about the overall level of risk associated with the

results may be helpful. The summary statement helps patients understand the

overall risk for heart disease associated with the set of test scores.

In that account, the verbally enhanced format can provide patients with meaning-

ful strategies for retaining the most relevant information of each clinical component

score. A caveat to that format that requires further investigation is that formats that

rely on “viewing the text” without much efforts to generate their own information

might enhance learning acquisition, but at the expense of long term retention.

However, EHR portals have the benefit to allow older adults to access the informa-

tion as needed, without the need to store most of the information in memory, it is

important to consider that a reasonable level of effort should happen, so patients

can learn and retain the necessary gist information that produces actions towards

self-care.

Graphical representations

As mentioned by Okan, Garcia-Retamero, Cokely, and Maldonado (2011) the popu-

lar saying “a picture is worth a thousand words” reflects widespread beliefs that

graphical displays and images can promote superior communication and facilitate

comprehension of complicated information. Indeed, many studies shown that better

comprehension can result from learning with text and picture (Eitel, Scheiter, &

Figure 3.4 Verbally enhanced message format (Morrow et al., 2017).
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Schuler, 2013; Eitel, Scheiter, Schuler, Nystrom, & Holmqvist, 2013; Fletcher &

Tobias, 2005; Glenberg & Langston, 1992; Hegarty, 1992; Oliva & Torralba, 2006;

Vekiri, 2002; Winn, 1991).

On the other hand, research has shown that individual differences are substantial

in the ways people vary in their abilities to understand graphically presented infor-

mation (for more on graph literacy, see Okan et al., 2011; Galesic & Garcia-

Retamero, 2011; Garcia-Retamero & Cokely, 2017). Furthermore, the research on

graphical representations becomes a complex endeavor as a myriad of different

types of graphics exist. Typically, graphs vary simultaneously in distinct aspects,

presenting challenges for controlling experimental conditions.

By representing lab reports, such as cholesterol test results, in a graphical as

well as verbal context for categorical or ordinal gist comprehension, older adults

can become participants on their health, making sense of their numbers. Research

has shown that graphics and other visual aids can increase appropriate risk-

avoidance behaviors, promote healthy behaviors, reduce errors induced by narra-

tives (Cox, Sturm, & Zimet, 2010; Fagerlin, Wang, & Ubel, 2005; Galesic &

Garcia-Retamero, 2011; Schirillo & Stone, 2005), and can improve comprehension

of risks associated with different medical treatments, screenings, and lifestyles

(Zikmund-Fisher, Fagerlin, & Ubel, 2008).

The use of icons (pictures, diagrams, and other graphic formats) to convey health

information (e.g., risk levels of clinical test results) may be more effective than text

for supporting gist-level understanding and affective responses, especially benefit-

ing older adults with limited numeracy abilities, for several reasons. Firstly, icons

are often more explicit than text, therefore reducing demands on working memory

(Glenberg & Langston, 1992; Morrow et al., 1998). Secondly, pictures are often

more easily remembered than words (picture superiority effect) for both younger

and older adults (Park, Puglisi & Smith, 1986).

Thirdly, icon-based displays can be useful for integrating information, and reduc-

ing demands on comprehension. Morrow et al. (1998) found that older and younger

adults better recalled medication dose and time information when presented using

icons rather than by text in medication instructions. This finding suggests that icons,

if well designed, can improve older and younger adults’ comprehension by reducing

the need to draw inferences.

Fourthly, the use of icon arrays and grids to represent the number in a population

affected by some event (e.g., disease) can be used to illustrate relative magnitude,

proportions and base rates, and therefore support risk perception, especially for old-

er adults with lower numeracy abilities (Brust-Renck, Royer, & Reyna, 2013;

Reyna & Brainerd, 1995; Reyna & Brainerd, 2008). According to FTT, people can

easily and automatically estimate relative magnitudes perceptually, reducing the

demands on numeracy and cognitive abilities. People in general have trouble esti-

mating proportions and base rates (e.g., base rate neglect) (Tversky & Kahneman,

1974) and the inclusion of icons allows for visual representation of risk information

that patients can understand quickly, making the denominator salient (Brust-Renck

et al., 2013). This design enables quick comparisons, and patients can appreciate

the gist of the graphic without becoming overwhelmed in the details of the numbers
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and ranges. When designing EHR interfaces, the icons should not be displayed at

random (Leavitt & Shneiderman, 2006; Wickens et al., 2013), but rather in system-

atic ways and with distinguishable aspects, otherwise readers would have a harder

time to “obtain the gist.”

Furthermore, some icons can be more effective for conveying affect. If older

adults rely on affective responses to encode the gist of their clinical test results, the

use of face icons can encourage corresponding emotions associated with each level

of risk. For example, Fig. 3.5 capitalizes on the iconic representation of smile faces,

typically adopted in hospitals (e.g., pain scales, Wong-Baker Faces Pain Rating

Scale, Wong, Hockenberry-Eaton, Wilson, Winkelstein, & Schwartz, 2001) to rep-

resent the different levels of risk of a cholesterol component (e.g., Triglycerides).

Contemporary decision research places a heavy and multifaceted focus on the

role of affect in decision-making (Loewenstein & Lerner, 2003; Loewenstein et al.,

2001; Peters, Västfjäll, Slovic, et al., 2006). This phenomenon may pose a compen-

satory opportunity for older adults, as a large body of literature has shown that older

adults rely on emotional reactions (Labouvie-Vief, 2003; for a review see: Scheibe

& Carstensen, 2010). Lastly, from a motivational perspective, someone may not

want to read a block of text, but be more willing to interpret a face icon (Hancock,

Bowles, Rogers & Fisk, 2006).

For example, Fig. 3.6 exemplifies gradual “enhancements” of graphical represen-

tations. Overall, these visual displays facilitate inferences about conceptual relations

that are made on the basis of spatial relations and precedence of global features in

visual perception—e.g., icons and color coding (Eitel, Scheiter, & Schuler, 2013;

Navon, 1977; Wickens et al., 2013). All four variations, similarly to the verbally

enhanced format, integrate the test score with the verbal label for each risk category

represented by the numbers. In addition, these graphic formats provide information

about the number’s scale in an integrated format that should facilitate inferences. In

that sense, comparatively, with Fig. 3.4 (verbally enhanced format), Fig. 3.6A

should ease the demands on positioning each cholesterol test score in relation to

their respective ranges, and correspondent risk associated to each category on the

basis of spatial relations. While Fig. 3.6B incorporates the benefits of using face

icons, the graph on Fig. 3.6C represents the test results adding colors (using com-

mon green-yellow-red coding for level of hazard/risk), but without the icons, and

Fig. 3.6D the enhancement adopts both visual aids. By representing each risk region

on the scale with color-codes and face icons, we expect to reinforce and promote

gist-based understanding for each level of risk relying less on numeracy skills, as

these cues convey additional evaluation/affective response meaning (Leckart, 2010;

Oliva & Schyns, 2000).

Figure 3.5 Example of risk levels with integrated icons.
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Leckart (2010) consulted expert physicians and experts in communicating data

to patients and proposed a lab report makeover. Standard blood tests, cholesterol

tests, and prostate tests were simplified in graphical representations, which trans-

lated the most relevant numbers augmented with qualitative gist interpretations in

color-coded designs, as in Fig. 3.6D. For instance, many patients tend to confuse

LDL and HDL scores, and are forced to come up with mnemonic strategies to recall

Figure 3.6 Gradual enhancements of graphical formats.

Source: Condition (D) from Morrow, D. G., Hasegawa-Johnson, M., Huang, T., Schuh, W.,

Azevedo, R. F. L., Gu, K., . . . Garcia-Retamero, R. (2017). A multidisciplinary approach to

designing and evaluating Electronic Medical Record portal messages that support patient

self-care. Journal of Biological Informatics, 69, 63�74.
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which score refers to the “bad” or “good” cholesterol components, such as “L for

lousy” and “H for happy” cholesterol. However, by incorporating color, it should

be more salient that the HDL scale has an opposite polarity from the other scales—

a case in which lower values indicate higher risk rather than low risk (Douglas &

Caldwell, 2011; Leckart, 2010; Morrow et al., 2017). For example, considering the

most enhanced graphical representation (Fig. 3.6D), the test scores are embedded

within the corresponding scale for each of the four component scores, with color

coding and facial expression icons reinforcing the verbal labels of risk regions,

which are ordered into a scale.

One challenge on designing graphics comes from the learning principle of coher-

ence (Kalyuga, Chandler, & Sweller, 1999; Mayer, 2001). Patients need to get a

coherent form of delivery of medical information (e.g., test results) that represents a

well-connected form of representation of the main ideas needed to promote self-

care. In that way, the graphical representation design faces a trade-off to remove

distracting and irrelevant details—e.g., seductive distractions. Some graphical infor-

mation might seem artistically appealing and motivational, but are detrimental to

performance. It is important to consider that sometimes the formats that are most

likely to be preferred by patients are not the most effective for enhancing perfor-

mance. While graphics tend to be seductive and attractive, challenges in comprehen-

sion includes the previous aspects of literacy and numeracy, as well as graphical

literacy (Galesic & Garcia-Retamero, 2011). Conversely, formats that sometimes

yield lower levels of satisfaction can be the ones that bolster comprehension or

objective measures of performance. Moreover, and not surprisingly, differences in

numeracy skills (Wright et al., 2009), age (Garcia-Retamero, Galesic, & Gigerenzer,

2010), and familiarity with the content (Roth & Bowen, 2003; Shah & Hoeffner,

2002) also affect patient’s reactions to different graphic representation formats.

As in previous formats, a summary statement is recommended to facilitate gist

comprehension of the whole message (Fig. 3.7, right image), and in this case is also

a graphic scale with color-coded lower, borderline and higher risk regions, with the

appropriate region marked to indicate the overall risk level associated with the test

results.

Zikmund-Fisher et al. (2017) compared three different gradual enhanced graphic

formats (simple line graph, a solid block line graph and a gradient line graph)

against a standard table of numbers, finding that even by using a simple line, it was

possible to decrease the sense of urgency about values at the normal standard range.

Audio-enhanced formats

Cognitive theories offer important contributions to EHR design (e.g., cognitive

theory of multimedia learning, Mayer, 2001; integrative model of text and picture

comprehension, Schnotz & Bannert, 2003). One advantage of audio-enhanced for-

mats is that information is encoded and remembered better when it is delivered in

multiple channels for representing and manipulating knowledge (auditory-verbal

and visual-pictorial) and sensory modalities (auditory and visual) (Baddeley, 1992;

Moreno & Valdez, 2005; Mayer, 2001; Schnotz & Bannert, 2003; Wickens et al.,
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2013). Older adults should benefit from richer and varied forms of representation,

as it allows different memory retrieval routes (Ainsworth, 1999; Pachman & Ke,

2012; Paivio, 1986).

One could argue whether message formats should accompany speech (Fig. 3.8),

or if patients should receive only speech. It is important to consider that multimedia

messages could be potentially less effective than other enhanced formats because

the demands of integrating information from the audio or video and the graphic dis-

play, as it may overload older adults’ visual attention (Kalyuga et al., 1999; Mayer

& Moreno, 2003) or when listeners are distracted by noise (Banbury, Macken,

Tremblay, & Jones, 2001). As motivated by our framework (Fig. 3.1), age-related

differences in processing capacity and knowledge influence comprehension.

Print has an advantage over speech, as the latter is transient and imposes a

greater load on working memory. Nevertheless, speech could also support patients

with low numeracy and literacy by providing commentary about the meaning of the

numbers with cues (e.g., prosody and intonation conveying risk severity and sense

of urgency) to guide gist comprehension. Key-terms can be emphasized as illus-

trated by the “bolded speech” on Fig. 3.8.

The use of multimedia often mitigates information overload when we are learn-

ing new information, in part because designers can capitalize on the tendency of

learners to switch attention to contextually pertinent material (e.g., auditory split/

divided-attention and cognitive capacities) (Mayer, 2001; Mayer & Moreno, 2003;

Wickens et al., 2013). Some researchers have demonstrated that when the text and

the audio are identical and presented simultaneously learning is less effective than

text alone or audio alone (Clark & Mayer, 2011; Moreno & Valdez, 2005).

Figure 3.7 Graphically enhanced message format (Morrow et al., 2017).
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The central argument is that presenting the same text and audio together overloads

the learner channels, and if the information is identical, one modality is redundant.

In addition, audio is spoken typically at about half the speed of average reading.

The mismatch between the two processing speeds has been, in some cases, demon-

strated to be detrimental to learning. For example, Kalyuga et al. (1999) showed

that a group presented with audio alone performed better on an assessment than a

group that learnt from text and audio together.

On the other hand, some researchers found benefits of providing redundant infor-

mation to older adults, consistently with the environment support hypothesis of

cognitive aging (Craik, 1986; Dingus et al., 1997; Morrow & Rogers, 2008) by

enhancing task-relevant information, increasing processing opportunity and exter-

nalizing the task. For instance, in a study on driving navigation, older adults

benefited more from receiving information comprised by a map, text and audio nar-

ration, compared with map and text-only (Dingus et al., 1997). This evidence sug-

gests that audio has potential benefits to reduce task demands and support use of

cognitive resources, particularly when used without much screen text. A possibility

to further exploration will be to reduce the demands on older adults’ visual

Figure 3.8 Two examples of audio-enhanced message formats.

66 Aging, Technology and Health



attention, substituting the graphical representation by elaborated gist-based verbal

information—e.g., verbally enhanced format, Fig. 3.8 left.

Video-enhanced formats

Patient portal messages may be most effective if the numeric information is accom-

panied by a video of a provider adding commentary about the meaning of the num-

bers. In this way, benefits of face-to-face communication can be incorporated into

portal messages. This “video-enhanced format” has the following advantages. First,

the physician provides high-level commentary about the results, using nonverbal

cues (e.g., tone of voice and facial expressions), and verbal cues, as in ideal face-

to-face communication, to signal information relevance and guide affective inter-

pretation. Fig. 3.9 indicates an example of a provider delivering cholesterol test

results presented by a graphical format. Second, to help patients integrate verbal

commentary with the relevant information in the graphic display, the corresponding

part of the graphic loomed as each test score was discussed by the physician, pro-

viding a dynamic attentional cue to help participants integrate information from the

video and the graphic display.

The multimedia video format may be most effective because the verbal and non-

verbal cues reinforce each other (Pachman & Ke, 2012; Van Gerven, Paas, Van

Figure 3.9 Video-enhanced message format (Morrow et al., 2017).
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Merriënboer, Hendriks, & Schmidt, 2003). For example, prosodic (e.g., intonation)

and facial cues (viewing speaker lips) support older adults’ speech comprehension

(Brault et al., 2010), and redundantly presenting numeric information visually and

aurally improves older adults’ problem solving performance (Pachman & Ke,

2012). Visual cues that guide attention (e.g., highlighting key graphical features)

may improve comprehension of visual or spoken information in older adults

(Ouwehand et al., 2012). Challenges to older adults’ comprehension and perfor-

mance that are associated with numeracy and literacy skills may also be reduced,

by decreasing the need for numeracy-based skills and encouraging the use of affect

to understand risk. Some evidence suggests that even when presented alone, the

video format yields superior performance than the standard text-numeric format

(Azevedo et al., 2015).

Nevertheless, in practical terms, challenges to implementing these videos in

actual patient EHR portals emerge as different videos would be required for each

patient and set of test results, which would impose an unreasonable burden on pro-

viders. Alternatively, a computer-based conversational agent (CA), or “virtual pro-

vider” could be used to deliver health information in EHR portals, being generative

and emulating the same benefits of face-to-face communication. By being genera-

tive, CAs have the capability of tailoring different messages and a wide range of

health information to diverse patients.

Computer-generated formats

CAs may be well suited for explaining complex concepts to patients with limited

health literacy and numeracy by using exemplary communication techniques in

health care without the time constraints and delivery inconsistencies previously

addressed (Bertrand, Babu, Polgreen, & Segre, 2010; Bickmore, Pfeifer, &

Paasche-Orlow, 2009; Bickmore et al., 2010; Wolfe et al., 2015). Furthermore, CAs

are not designed to replace human interaction, but to complement face-to-face com-

munication potentially reducing the amount of time physicians need to spend

instructing individual patients. CAs can be implemented in home devices or phone

applications to serve as reminders or to repeat essential information—e.g., patient

discharge information, Bickmore et al., 2009. In fact, CAs have been shown to be

at least as effective as human professionals in explaining medical information to

patient, and particularly effective for patients with low health literacy (Bickmore

et al., 2009, 2010).

CAs in EHR portals may especially help patients with low numeracy and literacy

because, as in face-to-face communication, they can provide commentary with non-

verbal cues (e.g., prosody, facial expressions) and verbal cues (e.g., risk category

labels) to guide gist comprehension. CAs can emulate facial expressions, gestures,

and other relational cues to improve learning, support a variety of patient goals, and

help diverse patients follow self-care recommendations, as compared to text-based

or lower fidelity interfaces (Bertrand et al., 2010; Bickmore et al., 2010; Schroeder,

Adesope, & Gilbert, 2013; Wolfe et al., 2015).
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Like the videos, the CA messages (Fig. 3.10) contain spoken commentary, using

direct and active language (Morrow & Conner-Garcia, 2013) with appropriate eval-

uative/affective cues (both verbal and nonverbal) that should help patients create

gist representations of risk (Reyna et al., 2009), and provide context to help patients

extract more meaning from the numbers (Peters et al., 2009). In this project the

commentaries provided by the CA are organized around information relevance and

key-concepts for gist interpretation (e.g., risk category of numbers) can be empha-

sized by “tagging” the scripts for relevance, and inputting into the speech synthe-

sizer of the CA system (Morrow et al., 2017).

Equally important, the CA conveys risk information nonverbally as well as ver-

bally through facial expressions that express emotions consistent with the risk level.

For example, for high LDL scores, the CA can express concern (e.g., frowning).

Evidence suggests that both the video-enhanced format and the CA-enhanced for-

mat are equally able to effectively communicate facts about cholesterol test results,

and inspire patients’ satisfaction (Azevedo et al., 2017). As illustrated on Fig. 3.10,

the CA is accompanied by the graphical representation of the test results. Previous

study demonstrates greater user recall with audiovisual information that was com-

bined with conversational style speech and animations (Meppelink, van Weert,

Haven, & Smit, 2015).

Figure 3.10 Conversational agent (CA) enhanced message format: realistic female CA.

Generated using Reallusion’s CrazyTalk 8 Pro Software.
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An alternative to the use of CAs (or videos) that depict providers, would be the

use CAs that depict and represent other patients. It has been known for decades

that stories and other forms of narrative are easier to comprehend and remember

than typical expository texts (Bower & Clark, 1969). In that sense, one application

for CAs and videos (e.g., Bickmore & Ring, 2010) is to use stories with concrete

situations, emotions, characters, and actions that bear similarity with the intentions

needed to self-care and everyday experiences. Videos and CAs could be used to

convey affective reactions and to convey specific points—e.g., encourage changes

in exercises and/or diets, quit smoking, or promoting readiness to change: trans-

theoretical model (Prochaska & DiClemente, 2005). The understanding of an

abstract concept improves with examples and cases, in addition to be potentially

more persuasive, memorable and easy to comprehend. A hypothesis to test is to

verify a potential disassociation, in which videos are more effective to convey

affective responsive through the use of “war stories” that are built on empathy and

social responses, whereas the use of providers as videos or CAs, would bolster

comprehension.

Conclusion

Our project is intended to improve use of portal information by older adults

with diverse numeracy and literacy abilities, so that portals can better support

patient-centered care. The project has three phases (for more details see,

Morrow et al., 2017).

Firstly, develop portal message formats for clinical test results and evaluate

them in a simulated patient portal environment. In order to achieve that first

phrase, we propose scenario-based experimental studies to evaluate whether

enhanced formats improve patient comprehension of health care information com-

pared to the standard text-based portal format. The study scenarios describe choles-

terol or diabetes test results, and were developed in collaboration with two

physicians from our partner health care organization (Morrow et al., 2017).

Secondly, develop a tool for clinicians to annotate test results for their patients,

facilitating collaborative use of portals by providers and patients. Thirdly, evaluate

use of the tool and analyze patient responses to the clinician-constructed messages

in an actual portal system.

These methods include experimental and individual difference techniques to

evaluate messages and investigate whether enhanced formats especially benefit

adults with lower numeracy and literacy abilities comparatively with standard text-

based formats, using both quantitative measures of message memory (e.g., FTT)

and intention to perform behaviors in response to the messages (e.g., behavior

change theories), and more qualitative measures.

We predict that differences in performance associated with lower numeracy and

health literacy skills may be especially reduced by the exemplified enhanced for-

mats, which encourage the use of affective-based resources in order to understand
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risk concepts and decrease the need for numeracy-based skills. In order to illustrate

the importance of theory, principles of cognitive sciences for teaching and learning,

and research methods in designing technology for older adults, we describe a proj-

ect that is focused on helping patients understand and use health information, such

as test results, which are presented through an EHR system patient portal (Morrow

et al., 2017). Each message format illustrated here proposes strategies that could to

be used to improve comprehension, particularly reducing numeracy demands, com-

pared with current baselines of information that heavily rely on text and numerical

information, by leveraging gist comprehension and affective-response. In addition,

formal studies will focus on the impact of video-enhanced format and then compare

CA-enhanced to video-enhanced formats (see also: Azevedo et al., 2017).

Further directions include different graphical formats. While the graphs repre-

sented in Fig. 3.6 are snapshots of one single test result, for multiple test results

over time, line graphs with risk regions indicated are more effective (Shah &

Hoeffner, 2002), as they allow to emphasize key change in values/trends over time

(Fagerlin & Peters, 2011). When only one result is made available at the time, line

graphs can be used in many applications that enable patients to see their scores rela-

tively to a range of values (Zikmund-Fisher et al., 2017). Additional reference

points could be implemented to the graphic to make direct comparisons with previ-

ous scores more easily available.

Moreover, we intend to improve the CAs to include features of interactivity. For

example, one possibility is to implement “teach back” techniques and adaptive

learning strategies. Another direction, is to provide the option of choosing from a

set of CAs that vary in gender, age, and race, which may improve patients’ satisfac-

tion and patients’ self-identification (Wolfe et al., 2015). There is also debate about

the appropriate level of realism for CAs (animated vs photorealistic) that produces

trust and “social stance” that primes learning.

However, increasing realism, as exemplified on Fig. 3.11, until the CA appears

almost, but not quite human may have drawbacks and produce negative responses

(e.g., “uncanny valley” effect, Mori, 2012). That would suggest that less realistic

versions of the CA will be more effective when compared to a human recording, a

hypothesis that needs further investigation.

Figure 3.11 2D conversational agent enhanced message format: animated versus

photorealistic.
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Introduction

Improving the driving performance and safety of older drivers has become an

important issue in 21st century human factors, likely due to the expected rapid

growth of their presence on the road in the near future (Lyman, Ferguson,

Braver, & Williams, 2002; Retchin & Anapolle, 1993), their increased risk of crash

involvement (Evans, 2000), and the disproportionately high risk of experiencing

fatal injuries from a crash (Li, Braver, & Chen, 2003). As a result, many researchers

have devoted themselves to understanding the ways that late-life cognitive changes

may affect driving performance, and have started to develop training interventions

that are intended to improve age-related declines that hinder older drivers’ abilities.

While the study of aging drivers has historically been of interest to scientists, the

rapid expansion of dynamic transportation-related technologies gives rise to new

pressures and opportunities for older drivers, as well as novel areas of work for

human factors researchers.

In this chapter, readers should first expect to find relevant literature on age-

related changes in attention, memory, spatial cognition, perception, and executive

function, as well as information regarding ways that those changes might affect

interactions with newer transportation technologies. In addition, this chapter will

discuss countermeasures that can be used to combat decrements in aging drivers’

performance, including driver assessments, cognitive and driver training, along with

compensatory strategies taken by aging drivers. Finally, the chapter will include

research on the newer advances in technology that have shaped, and will continue

to shape, the way older adults maintain mobility, both with and without vehicles.

Given the extensive coverage of these topics in scientific literature, this chapter

should be treated as an introduction to the nature of aging drivers’ interactions with

transportation and transportation technologies. The authors of this chapter encour-

age interested parties to continue investigating the comprehensive details involved

in this topic, and hope that this section might serve as a foundation for that study.
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Age-related changes in sensory, perceptual, and cognitive
functions

Sensory processing

Many age-related declines in a driver’s ability to correctly identify a piece of infor-

mation may result from cognitive errors, such as a decline in spatial deployment of

the attentional “spotlight” (discussed later in this chapter). However, late-life degra-

dation of sensory organs may also greatly influence an older driver’s ability to

locate relevant stimuli on the road. Before delving into the specific sensory changes

that plague aging drivers, it will be important to delineate and differentiate the sen-

sory and cognitive systems, as well as the two competing components of attention

fueled by those two respective systems. When navigating an unfamiliar city with

directions studied before the journey begins, the driver deploys a top-down atten-

tional guidance to search for street signs and landmarks in their route. That is, the

driver’s attention will be strategically ushered by previous knowledge, expertise,

and their goals. Conversely, a driver whose attention is abruptly captured by a fire

truck’s siren will have experienced a bottom-up, or stimulus driven, capture of

attention. Both the bottom-up and top-down systems have evolved to assist humans

with the scrupulous guidance of attention that is required by our species. The

interaction of these two systems reveals much of what is known about humanity’s

ability to detect events (Egeth & Yantis, 1997).

Visual impairments

In terms of age-related differences in these two attentional systems, many of the

changes in bottom-up attentional guidance are thought to be related to the degenera-

tion of the visual sensory system (Sandell & Peters, 2001; Schneider & Pichora-

Fuller, 2000; Spear, 1993). In other words, a deficit in the system that receives

physical stimulation (e.g., light wave), and converts the stimulus into a neural signal

(via transduction) to be carried through the rest of the nervous system. While lapses

in a driver’s attention may result from cognitive shortcomings without perceptual

deficits (Owsley, Ball, & Keeton, 1995), sensory changes later in life have been

known to increase the risk of crash involvement (Owsley & McGwin, 1999),

though empirical support for the latter may fall short of evidence for the former.

For example, while some studies have demonstrated a modest association between

basic visual acuity and the risk for automobile collisions (Ball, Owsley, Sloane,

Roenker, & Bruni, 1993; Hofstetter, 1976; Liessma, 1975), others have failed to

unveil significant relationships between the two (Cross et al., 2009; Keeffe, Jin,

Weih, McCarty, & Taylor, 2002; Owsley & McGwin, 1999). Additionally, many

clinical conditions of the eye that are commonly observed in the elderly, such as

cataracts, glaucoma, macular degeneration, and diabetic retinopathy, have often

failed to be significant predictors of car crashes in older adults, though other

geriatric neurological conditions (e.g., multiple sclerosis, Parkinson’s, and stroke)

are known to be strong predictors of certain types of motor vehicle crashes
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(Cross et al., 2009; Margolis et al., 2002; McGwin, Sims, Pulley, & Roseman,

2000; Sims, McGwin, Allman, Ball, & Owsley, 2000). Thus, an appropriate

screening measure for visual function in older drivers should combine both

low-level sensory characteristics of driving with the higher order cognitive process

described elsewhere in this chapter.

Hearing loss

While the primary sensory modality demanded during driving is vision, hearing is

also a necessary attribute to avoiding automobile crashes (e.g., hearing the car horn

of a neighboring traveler on the road, localizing the source of an emergency vehicle

siren that cannot be seen). Much like vision, hearing loss is an inevitable impairment

for many older adults (Li-Korotky, 2012) and is prevalent in nearly two thirds of the

population (Lin, Thorpe, Gordon-Salant, & Ferrucci, 2011), though its impact on

driving performance tends to be studied less often than vision. Nonetheless, reports

of an association between hearing loss and motor vehicle crashes have been made

(Edwards et al., 2016; Ivers, Mitchell, & Cumming, 1999). However, others have

found this to be true only when hearing impairments are seen alongside a decline in

visual function, rather than hearing impairments being the sole predictor of crash

risks (Green, McGwin, & Owsley, 2013). Support for this interaction is also

reinforced by theoretical accounts for the interplay between hearing and vision loss,

and overall cognitive functions (e.g., Wahl & Heyl, 2003).

Unfortunately, degradation of the sensory system is an inescapable component

of aging. Future research in the field of assisted or automated driving may want to

consider the aforementioned declines for components of vehicle technologies to

come, like cues for the transition of control in conditionally automated vehicles

(Level 3, SAE International, 2014, p. 2, Table 1). Older operators of these vehicles

who are unable to detect auditory or visual cues may face catastrophe as they are

unknowingly given back manual control over the car. Such changes in sensory

processing are likely to be areas of great interest for transportation research, for

more than just optimizing the transfer of control in conditionally automated

vehicles. Rather, these considerations should be of interest for those who aim to

convey any signal to drivers in the next generations of vehicle technology.

Attention

A particularly important facet of understanding age-related changes can be seen in

the literature examining declines in attention. One of the earliest, and most well-

known, definitions of attention posits that “everyone knows what attention is. It is

the taking possession by the mind, in clear and vivid form, of one out of what seem

several simultaneously possible objects or trains of thought. Focalization, or con-

centration, of consciousness is of its essence. It implies withdrawal from some

things in order to deal effectively with others. . .” (James, 1890, p. 404). Though

much work from pioneering psychologists, like William James, lacked the empirical

support seen in contemporary theories of cognition, James’s definition still

encompasses many elements regarded as factual by today’s researchers. While his
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definition describes many unique components of human attention, this section will

limit its review to those components that are most relevant to driving, and interact-

ing with technology in automobiles.

Some of the most studied aspect of attention in the context of driving are the

spatial limitations of attention demonstrated by tasks like the Useful Field of View

(UFOV) Test (Ball, 1997; Ball & Owsley, 1993; Ball & Rebok, 1994; Owsley,

1994), the Attentional Visual Field (Feng et al., 2016), and similar laboratory mea-

sures (Hassan et al., 2008; Sekuler, Bennett, & Mamelak, 2000; West et al., 2010).

Rather than just measuring a driver’s perceptual or sensory sensitivity, tasks like

these require a distribution of attention to discriminate targets among distractors

across an extended field of view. The tasks assess an ability to spatially allocate

attention and avoid distractions. Spatial abilities of attention are particularly

important for predicting incidents involving oncoming traffic from the periphery

(De Raedt & Ponjaert-Kristoffersen, 2001), including some of the most dangerous

types of collision for older adults that occur at intersections (Hakamies-Blomqvist,

1993; Owsley, Ball, Sloane, Roenker, & Bruni, 1991).

Given the strong concurrent validity with a number of basic cognitive and

perceptual abilities, as well as other measures of driving performance (for a review,

see Clay et al., 2005), measures of spatial selective attention hold a great deal of

value for assessing older adult’s fitness to drive at the regulatory level. In addition,

measures of spatial attention offer the potential for researchers to continue to

understand the neurocognitive deficits that may accompany a decline in driving

performance later in life. For example, Owsley and colleagues (1995) demonstrated

that many older adults who possessed good perceptual sensitivity were still unable

to adequately detect, localize, and identify a target in their visual field. These find-

ings have paved the way for the understanding of a weakened attentional “spot-

light” in older drivers that contributes to failures in their ability to detect relevant

visual information while driving across the visual field, particularly when that infor-

mation occurs in their visual periphery. Thus, rather than merely a decline in the

physical components of visual perception, the visuospatial deficits seen in failures

related to the tests of spatial attention among older drivers are more likely to

come from the simultaneous reduction in cognitive and perceptual abilities (Atchley

& Hoffman, 2004; Hartley & McKenzie, 1991; Madden & Gottlob, 1997).

Nonetheless, physiological changes to the nervous system that contribute to drivers

attentional limitations may also have importance in predicting reductions in

cognitive performance (Kramer, Fabiani, & Colcombe, 2006; Li et al., 2015;

Madden, Whiting, & Huettel, 2005).

Particular aspects of declines in spatial attention may have greater impacts on

specific driving performance. For example, with advancing age, declines in the abil-

ity to select a target among distractors do not occur equally in the upper and lower

visual fields. It has been demonstrated that while younger adults show an advantage

of attentional selection in the upper visual field (Feng & Spence, 2014), such

advantages are largely diminished among older adults (Feng et al., 2016). In other

words, older adults experience a disproportionate decline in their ability to select a

target among distractors when those targets appear in the upper, rather than lower
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visual field. These differential age-related changes in the upper and lower visual

fields may have implications for driving hazard detection with older drivers, such

that hazards occurring at a great eccentricity in the upper visual field may be partic-

ularly difficult for older drivers. Changes in selective and spatial attention may also

be hindering for older driver’s ability to use certain in-vehicle displays. Particularly

with center console display screens, and dashboard systems that are designed to

show more information than previous generations of those devices. As car manufac-

turers add more screens to the insides of cars, and the range of functionality for

those screens increase, older drivers may experience more difficulty with the

technological interactions they have behind the wheel.

Another important area of attention research, is that pertaining to divided atten-

tion, even though it has received less interest than the spatial attention for its

specific application to aging drivers. There has been mixed evidence for distracted

driving performance reductions that are different for older adults. While some have

shown that distractions may yield larger decrements in driving performance than

younger drivers (Alm & Nilsson, 1995; Lam, 2002), there has also been evidence

that both older and younger drivers suffer equally from mobile phone-induced

distraction while driving (Strayer & Drews, 2004), indicating that both older and

younger drivers will incur a greater risk for crashes when they engage in distracted

driving. However, older drivers have been known to be less likely to voluntarily

engage in distracting behaviors while driving, like using a cell phone (Lamble,

Rajalin, & Summala, 2002). When engaging in distracted driving, older drivers are

also known to employ compensatory strategies, like reducing speeds (Young,

Regan, & Hammer, 2007).

An important consideration for future researchers is how these trends will change

in 30 or so years, when the cohort of older drivers is composed of those who

currently make up the population of younger drivers. It is possible that when

millennials reach seniority, they will take with them their affinity for regular tech-

nology use. In addition to possible increases in rates of distracted driving for older

adults of the future, having been raised in the current, technology-rich, environment

may contribute to greater confidence in their ability to operate a vehicle under

distraction. Therefore, those compensatory strategies used by the current generation

of older drivers may change greatly, if present at all. It will be of increasing impor-

tance to understand the role of divided attention in future generations of aging

drivers. Not only will researcher need to understand how cohort effects might influ-

ence the performance of distracted driving in older adults, but it may be necessary

to revise what is known about distracted driving as changes are made to the nature

of in-vehicle technologies that facilitate both involuntary and voluntary distractions

(e.g., heads-up displays, touchscreen radio displays).

Just as the construct of attention can be parsed into many distinct components,

some have found it useful to distinguish between different types of divided attention

to better understand the attentional limitations of older adults (Zanto & Gazzaley,

2014). The first, referred to here as intramodal divisions of attention, describes the

ability to attend to multiple items presented in the same modality (e.g., all visual

stimuli). Some have refuted the idea of robust age-related difference in intramodal
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divisions of attention from studies where older adults perform similarly to younger

adults in their ability to detect or compare multiple targets in static visual fields

(Hahn & Kramer, 1995; Somberg & Salthouse, 1982). However, differences do begin

to become apparent when the complexity of the tasks increase (McDowd & Craik,

1988), and when the tasks transition from still scenes to moving stimuli (Trick,

Perl, & Sethi, 2005; Tsang & Shaner, 1998). Differences also become particularly

noticeable with tasks that require older adults to sustain intramodal divisions of

attention for longer periods of time, or when the velocity of moving stimuli increases

(Sekuler, McLaughlin, & Yotsumoto, 2008). This difficulty in tracking dynamic

objects in visually complex scenes is paramount when considering older adults

having to manage the cognitive demands placed on them by driving while

surrounded by new technologies. Augmented reality heads-up displays, e.g., are

thought to have unintended effects in their dividing driver’s attention, even

when the two sets of stimuli share space (Sun, Wu, & Spence, 2015). However, it

has not yet been tested whether or not this cost is disproportionately present for

older drivers.

Age-related differences in divided attention have also been demonstrated with

multimodal divisions—i.e., those in which the attended stimuli are of different

modalities, typically auditory and visual. For example, Hawkins, Kramer, and

Capaldi (1992) demonstrated that differences in multimodal divisions can be ame-

liorated with aerobic exercise while intramodal attention performance did not seem

to have any improvements after this intervention (Zanto & Gazzaley, 2014).

However, understanding the unique age-related changes to multimodal attention

may be particularly advantageous for design considerations to vehicle alert systems,

particularly when it comes to multisensory cueing of attention. Though a fair

amount is known about the benefits of multisensory cues in facilitating the attention

of drivers (Ho, Reed, & Spence, 2007; Spence & Ho, 2008), there has not been

much research devoted to understanding how multisensory attention changes with

age. In one study however, Mahoney and colleagues (2012) demonstrated superior-

ity for visual-somatosensory cues’ ability to orient attention (i.e., direct attention to

one spatial location) for both older and younger drivers, while audio-visual cues

provided a unique benefit for older adults.

While many conceptions of divided attention while driving primarily involve

voluntary distractions from inside of the vehicle (e.g., cell phone usage), roughly

25% of collisions due to distracted driving are the result of distractions occurring

outside of the vehicle (Trezise et al., 2006). There also exists evidence of involun-

tary distractions from sources outside of the vehicle, like the red light running

camera flashes (Sall, Wright, & Boot, 2014). This phenomenon has also been dem-

onstrated with older drivers, who appear to have particular difficulty disengaging

attention from these types of targets (Wright, Vitale, Boot, & Charness, 2015).

What this means, is that when an older driver’s attention is involuntarily captured

by the flash from a camera at an intersection or the siren of a police car, they are

likely to take longer to regain control of their attention and reorient their eyes to

the road. However, contrary to some theoretical studies of attentional capture that

suggest the existence of larger age-related differences in attentional capture with
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irrelevant and salient stimuli (Kramer, Hahn, Irwin, & Theeuwes, 2000; Munoz,

Broughton, Goldring, & Armstrong, 1998), Wright et al. (2015) reported no age-

related differences in the initial capture of attention. The results of this study make

clear two things for the future of transportation technology. First, while theoretical

paradigms are invaluable aids to the understanding of the cognitive limitations

faced by drivers, it is paramount that they are replicated using real-world simula-

tions. Second, special considerations may need to be made for gadgetry that is

intended to convey messages to older drivers with abrupt flashes of salient images,

as they are likely to reorient their attention back to the road at a much slower rate

than younger drivers. In other words, the future transportation and safety research

will benefit from ecological studies of aging driver’s attentional limitations in the

face of such systems.

Memory

In cognitive aging research, memory is one of the constructs for which there has

been considerable work done (e.g., for a review, see McDaniel, Einstein, & Jacoby,

2008). The fears of late life lapse in memory, experiencing dementia, and

developing Alzheimer’s disease have made this work particularly important for

human longevity. While age-related deteriorations in memory can play a minor role

in one’s driving performance, they appear to do so in less direct forms than those

same deteriorations of attention or the visual and auditory sensory systems.

However, empirical findings on the direct relationship between driving and memory

declines in aging populations are much sparser than those for other cognitive

domains, like attention. Nonetheless, this section will review some of the memory-

related factors that have been shown to contribute to changes in driving for

older adults.

Overall, changes in memory do seem to have some predictive value for

determining driving fitness, with greater declines in memory being associated with

higher crash risks (Anstey, Wood, Lord, & Walker, 2005). However, this relation-

ship tends to be modest (Hu, Trumble, Foley, Eberhard, & Wallace, 1998;

McKnight & McKnight, 1999; Stutts, Stewart, & Martell, 1998), with some failing

to find any link at all (Ball et al., 2006). Unsurprisingly though, stronger associa-

tions between memory and driving performance are reported in samples who

experience dementia (Odenheimer et al., 1994; Szlyk, Myers, Zhang, Wetzel, &

Shapiro, 2002) as well as mild progression of Alzheimer’s Disease (Frittelli et al.,

2009). However, it is likely that the “multidimensional” nature of memory, as it

relates to other cognitive domains (Glisky, 2007) means that older adults whose

driving skill has been hindered with greater memory loss (i.e., dementia) may also

have more compromised attentional abilities.

When it comes to reflecting on one’s own cognitive function, the concept of

memory is likely the single most tangible. It is not surprising then that, contrary to

just driving performance, memory loss appears to be a key factor in older adult’s

complete cessation of driving (Ackerman, Edwards, Ross, Ball, & Lunsman, 2008;

Anstey, Windsor, Luszcz, & Andrews, 2006; Edwards et al., 2008). Overall though,
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the connection between memory loss and driving is still one that will require

considerable research in the future, particularly as neuroimaging becomes more

accessible to a larger number of researchers. Many constructs of memory that may

factor heavily into older adults’ risk of a vehicle crash, like procedural memory, do

not have clear methods of testing (Glisky, 2007), though researchers have some

insights as to the neuroanatomical structures dealing with these types of memory.

Executive function

Arguably, the most prominent changes in the late-life cognitive process which may

impact driving performance are those related to attention and visual perception

(e.g., Mathias & Lucas, 2009). However, it is likely that a truly comprehensive

understanding of aging drivers’ crash risks may also involve an understanding of

several other areas of cognition that have been known to decline with age (Anstey

et al., 2006; Glisky, 2007; Lundberg, Hakamies-Blomqvist, Almkvist, & Johansson,

1998). For example, a laboratory study conducted by Freund and colleagues (2008)

showed scores on a basic measure of executive function to be the strongest

predictor of unintended accelerations during simulated driving. Other examinations

of executive function have also demonstrated it to be a good predictor of crash risk,

though the studies failed to consider other measures of attention (e.g., spatial or

divided attention) as possible covariates in their analyses (Adrian, Postal,

Moessinger, Rascle, & Charles, 2011; Daigneault, Joly, & Frigon, 2002; Stutts

et al., 1998). The need to parse executive functioning from other areas of cognition,

as a significant predictor of driving performance and safety, becomes particularly

salient when considering arguments for uniquely distinct dimensions of executive

functioning (Salthouse, 2003, 2005). Therefore, it is difficult to determine whether

or not the more robust reductions in driving performance are a result of selective

attention, executive functioning, or the combination.

Future research on older adults’ executive function should seek to determine the

unique ability of this domain to predict driving performance by including an analy-

sis of covariate cognitive constructs like attention, memory, and speed of proces-

sing. In addition, researchers will need to consider the unique demands that newer

in-vehicle technologies present to older drivers, especially with the growth of this

driver populations. As discussed previously, failure in drivers’ executive control is

known to result in procedural errors, like unintended accelerations. How will an

older driver’s ability to employ their executive function be hindered by the influx

of new technology? Will incorporating extra elements like conditionally automated

driving, where drivers will need to go from a “cold” state of exhibiting little aware-

ness, to high alert as the computer brings accelerating, braking, and steering duties

back to the driver, result in greater executive function-related driving mistakes? Or,

will advances like automatic high-beam control reduce the cognitive demand for

older drivers allowing their executive process to manage fewer elements of the

vehicle? The answers to these questions will be a critical component to the future

of driver safety in the golden years.
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Physical and psychomotor functioning

In addition to the myriad of cognitive, sensory, and perceptual functions required

for optimal driving performance, a number of physical disabilities have been impli-

cated as barriers for aging drivers (Foley, Wallace, & Eberhard, 1995; McGwin

et al., 2000). While many of the complications that drivers with those disabilities

face can be overcome with vehicle modifications (Jones, McCann, & Lassere,

1991), many older adults forgo those modifications (Hawley & Dunne, 2003).

Rheumatological conditions, like arthritis, represent one of the largest contributors

to late-life physical disability in the United States and Canada (Badley, 2005;

Helmick et al., 2008) and have been known to have critical impacts on older adults’

ability to perform tasks like steering and maintaining foot pedal functions while

driving (Hawley & Dunne, 2003; Jones et al., 1991; Vrkljan et al., 2010). While

understanding and ameliorating the debilitating motor deficits which occur from

specific medical conditions is essential for successful driving of older adults, com-

pensating for more general reductions in psychomotor skills will be of equal

importance.

In a study examining older adults with a balanced distribution of medical condi-

tions (rather than just arthritis or dementia), Ferreira and colleagues (2013) found

measures of reaction time to be the strongest predictors of driving performance.

Although basic changes in motor speed for older adults who are free of stroke or

dementia are known behavioral manifestations of changes in brain matter density

(Au et al., 2006; Guo et al., 2001; Rosano, Aizenstein, Studenski, & Newman,

2007), specific causes of those cortical changes are unknown. While the solution of

this mystery will certainly be unveiled in future research, current theories have

posited cardiovascular health as a predictor of loss of cerebral white-matter and

blunted cognitive functions, including psychomotor speed (Breteler et al., 1994;

Gorelick et al., 2011; Grodstein, 2007). In line with this hypothesis, researchers

have demonstrated physical fitness interventions as successfully being able

to improve skills contributing to driving performance (Marmeleira, Godinho, &

Fernandes, 2009; Marottoli et al., 2007).

Countermeasures for increased crash risks
among older drivers

Given the significant impacts of age-related declines in cognitive and physical func-

tions on older drivers’ increased crash risks, it is essential to develop effective

countermeasures for older drivers to maintain driving performance and safety. A

variety of countermeasure approaches and methods can be used to mitigate the

impacts of increased crash risks of at-risk older drivers. For instance, a report from

National Highway Traffic Safety Administration (NHTSA; Staplin, Lococo,

Martell, & Stutts, 2012), developed a comprehensive taxonomy of critical func-

tional deficits of older drivers and associated crash risks, and evaluated a wide set
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of existing countermeasures that have the potential to reduce the severity of the

identified functional deficits as well as reduce critical driving errors among older

drivers. The reviewed countermeasures included surgical and nonsurgical visual

sensory system enhancements, physical and motor training, driver education, driver

aids and assistance systems, and cognitive training (Staplin et al., 2012). Each coun-

termeasure method can be used as an intervention for a targeted functional deficit

and may have varying effectiveness (see Figure 4 in Staplin et al., 2012 for the

countermeasure-by-deficit association and effectiveness ratings). Technological

advances have expanded countermeasure solutions and enhanced the effectiveness

of existing approaches. This section addresses different countermeasure approaches

that have the potential to accommodate elevation in functional deteriorations and

crash risks among the older driver population.

Driver assessment

A widely used countermeasure approach is the use of screening or assessment tools

to identify older drivers at risks. Measuring a driver’s competence and crash risk

has been commonly used for professional evaluations, such as a medical review

process concerning driver licensing, but also for self-assessments by individual

drivers. There are a variety of types of measures for fitness-to-drive including

questionnaires and scales, paper-and-pencil or computerized cognitive assessments,

and multifaceted assessment batteries. While traditional assessment tools had pri-

marily depended on paper-and-pencil or self-reported survey methods, modern tech-

nologies including personal computers have extended availability of alternative

assessment methods and allowed individual drivers to self-assess their driving

competence using various tools.

Self-reported assessment tools or checklists have been most widely used to

measure driving behavior and safety (Choi, Grühn, & Feng, 2015; Reason,

Manstead, Stradling, Baxter & Campbell, 1990; Reimer et al., 2005). For instance,

American Automobile Association (AAA) provided a self-rating tool that includes

safety information suggestions for safe driving, Drivers 65 Plus: Check Your

Performance (AAA Foundation for Traffic Safety, 2013a). Researchers have also

proposed a number of questionnaires and scales that aim to assess general or

specific aspects of driving behaviors and risks. The Manchester Driver Behavior

Questionnaire assesses the frequency of involvement in driving errors, lapses, and

violations (Reason et al., 1990; Reimer et al., 2005). The Susceptibility to Driver

Distraction Questionnaire is used to assess a driver’s tendency to engage in distract-

ing behaviors, both voluntarily and involuntarily (Chen, Donmez, Hoekstra-

Atwood, & Marulanda, 2016; Feng, Marulanda, & Donmez, 2014). The Adelaide

Driving Self-Efficacy Scale measures how confident a driver is in various driving

situations, such as driving at night or turning left across the oncoming traffic

(George, Clark, & Crotty, 2007). The Attentional Failures during Driving

Questionnaire was developed to assess older drivers’ increased crash risks that are

due particularly to age-related declines in attentional abilities (Choi et al., 2015).
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Cognitive assessment and functional competence measurements can also be used

to assess fitness to drive and identify older drivers who are at substantial risks.

Measurements for visual impairments or cognitive deficits have been found to pre-

dict drivers’ safety, such as the previously mentioned UFOV (Ball, Beard, Roenker,

Miller, & Griggs, 1988) and the Mini-Mental State Exam (Crizzle, Classen, Bedard,

Lanford, & Winter, 2012) (see Vrkljan, McGrath, & Letts, 2011 for a review of the

widely used fitness-to-drive assessment tools). While these general cognitive assess-

ments were found to be effective to identify older drivers’ increased crash risks,

they measured general functional efficiency without taking any driving context into

account. There have been attempts at combining the rigorous procedures of tradi-

tional cognitive tasks with driving environments to assess drivers’ performance

more precisely within the driving context. For instance, the DriverScan (Hoffman,

Yang, Bovaird, & Embretson, 2006), which was designed as a change detection

task with real-world driving scenes, assesses a driver’s ability to identify the change

between driving scenes. Older drivers’ performance on the DriverScan task was

found to be a better indicator of their simulated driving performance than a compa-

rable attentional task using abstract stimuli (Hoffman, McDowd, Atchley, &

Dubinsky, 2005). Similarly, the Driver Aware Task (DAT; Feng et al., 2015) com-

bines the procedures of computerized visual detection tasks and the stimuli of simu-

lated driving environments to assess a driver’s ability in hazard perception. The

DAT has been examined, and the findings showed that older drivers’ performance

levels on the DAT were aligned with simulated driving performance, which demon-

strates the validity and effectiveness of the DAT as a potential assessment tool for

cognitive fitness to drive among older drivers (Feng et al., 2015).

Multifaceted assessment batteries often combine sets of surveys and question-

naires, vision- and motor-tests, cognitive assessments, and simulated and/or on-road

driving tests to better assess one’s fitness to drive. For instance, a clinical tool,

which includes a list of tests of vision, motor, and cognitive functions, was proposed

by the American Medical Association, with support from the NHTSA (McCarthy &

Mann, 2006). This Assessment of Driving-Related Skills (ADReS) was designed to

be used by physicians for identifying potentially unsafe older drivers. Many states

also provide a multifaceted assessment battery for their medical advisory board or

physicians and residents. Maryland provides a 30-minute Functional Capacity Test

screening that can be taken at their motor vehicle admiration locations. The test con-

sists of a series of tests that measure basic visual perception, memory, cognitive,

and physical abilities, including the UFOV and rapid-pace walk test (Maryland

Department of Transportation Motor Vehicle Administration, n.d.).

Although some assessment tools have shown to be useful in predicting older

drivers’ abilities and crash risks, many of the currently available screening proce-

dures or mandatory licensing policies have limited effectiveness. For instance, data

analysis comparing the driver licensing policies and crash involvement among older

drivers across 46 US states showed that, while mandatory in-person renewal and

vision test procedures were associated with significant crash reductions, requiring a

knowledge test or an on-road driving test did not lead to additional crash reductions

(Tefft, 2014). A number of studies investigating the effectiveness of different
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licensing procedures and policies used for older drivers also found that many of the

policies and procedures in use were ineffective tools to identify older drivers at high

risks (Dobbs, 2008). Studies have also demonstrated limitations of the ADReS

regarding its sensitivity and specificity as a screening tool (McCarthy & Mann,

2006; Ott et al., 2013). These findings emphasize that further efforts are needed for

developing and implementing an accurate and effective driver assessment tool.

Rapid advances in technology may further advance availability and effectiveness of

existing and new driver assessment and screening tools. The primary benefit of

driver assessment and screening tools is being easy to implement and cost-effective.

However, this resolution has the disadvantage that it primarily aims to screen out

older drivers whose fitness-to-drive have declined to an unsafe level, without con-

sidering the potential to improve driving competence among these drivers.

Driver training and cognitive intervention

While the driver assessment and screening approach can be useful for identifying

at-risk older drivers, more preventative resolutions might be found in providing

cognitive or driving training programs to older drivers so that they can keep mobil-

ity without compromising road safety (Gamache, Hudon, Teasdale, & Simoneau,

2010). Accumulated evidence of cognitive plasticity has suggested that many

aspects of the age-related declines in cognitive function can be delayed, slowed, or

reversed (Anguera et al., 2013; Bavelier, Levi, Li, Dan, & Hensch, 2010; Bavelier,

Green, Pouget, & Schrater, 2012). Studies investigating training effects on driving

performance have demonstrated that training targeted for specific aspects of cogni-

tive functions improved driving performance (Ball et al., 2002; Ball, Edwards, &

Ross, 2007; Ball, Edwards, Ross & McGwin, 2010; Cassavaugh & Kramer, 2009;

Roenker, Cissell, Ball, Wadley, & Edwards, 2003). For instance, Ball et al. (2010)

showed that crash involvement was significantly reduced among older drivers after

a training for reasoning and speed of processing, lasting up to 10 sessions. There

are also effective driver training programs that aim more directly at improving

driving skills. Increased availability of advanced technologies has been a predomi-

nant factor in improvements of driving skill training for older adults. For instance,

driving simulation technology and virtual reality have enabled the development of

simulator-based driver training programs which can be more efficient and

cost-effective compared to traditional on-road training. There has been an increas-

ing use of a simulators for driver training programs and observations have shown

effectiveness of this method in improving driving performance (Casutt, Theill,

Martin, Keller, & Jäncke, 2014; Roenker et al., 2003; Romoser & Fisher, 2009).

Drivers who received simulator-based training were found to improve certain

aspects of driving performance such as turning into the correct lane and proper

signal use (Roenker et al., 2003), and it was also suggested that the simulator-based

training can be transferred to on-road driving performance (Casutt et al., 2014).

When comparing the simulator and cognitive training, the simulator training is

possibly more powerful for improving older drivers’ safety on the road, likely due
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to its higher ecological validity, greater attractiveness, and being more motivating

(Casutt et al., 2014).

Identifying factors contributing to the effectiveness of driver training is essential

to developing an effective intervention program. Tailoring the intervention to fit

individual drivers’ specific needs was found to be an effective way to improve

training effects. The personalized learning approach has proven to be far superior to

the one-size-fits-all method in general educational settings (for a review, see

Mulwa, Lawless, Sharp, Arnedillo-Sanchez, & Wade, 2010). There may be greater

challenges to adopting the tailored method in the cognitive intervention or driver

training for older drivers compared to a general training, but programs designed to

meet an individual’s needs may produce greater outcomes. For instance, research

showed that older drivers improved visual scanning behaviors in simulated driving

when they received personalized feedback on their scanning behaviors. On the other

hand, driving performance was not improved after nontailored training in the form

of a lecture about how to scan intersections (Romoser & Fisher, 2009). In addition,

driver intervention using a training task that is more dynamic and complex may

produce greater outcomes. While training using a static perceptual task has

provided some promising training outcomes, studies have suggested that training in

virtual environments, such as video games, have a greater potential to improve

training effects (Basak, Boot, Voss, & Kramer, 2008; Bavelier et al., 2012; Feng,

Spence, & Pratt, 2007; Spence & Feng, 2010). The training effects were greater

when a training required multiple tasks performed simultaneously (Anguera et al.,

2013) and when there were changing emphases and priorities among the tasks

(Boot et al., 2010; Gopher, Kramer, Wiegmann, & Kirlik, 2007), which provides

significant implications on the design of driver intervention and training programs.

Simulated driving is one of the key technologies that will enhance effectiveness of

driver intervention and training. The capability to manipulate driving tasks and

variable scenarios one can build using simulated driving enables tailored training

that targets a driver’s specific needs and performance levels in a dynamic and

complex environment.

Compensatory driving strategies and
educational program

Age-related functional declines are often observed as early as the 1950s and 1960s

depending on the type of functions. Elevation in crash risks, however, tends to begin

appearing much later in life (Ryan, Legge, & Rosman, 1998). One possible reason

that many older drivers continue to drive without an incident, despite significant

cognitive and physical declines, is the strategic use of compensatory behaviors to

accommodate their increased risks. Studies have shown that older drivers often

self-regulate driving behaviors according to their functional impairments (Molnar &

Eby, 2008; Moták, Gabude, Bougeant, & Huet, 2014; Staplin et al., 2012). Common

compensatory driving behaviors adopted by older drivers include traveling fewer

miles (Langford, Koppel, McCarthy, & Srinivasan, 2008), driving more slowly
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(Kaber, Zhang, Jin, Mosaly, & Garner, 2012; Trick, Toxopeus, & Wilson, 2010),

keeping a longer headway distance (Andrews & Westerman, 2012; Trick et al.,

2010), and avoiding challenging driving situations such as making a left turn or

driving in heavy traffic (Andrews & Westerman, 2012; Horberry, Anderson, Regan,

Triggs, & Brown, 2006). In addition, there have been extensive advances to and

increases in availability of safety control measures using technologies. Using

advanced driver assistance systems (ADASs), that have proven benefits in

improving driver safety, can also be an effective compensatory strategy for older

drivers with decreasing driving competence due to functional declines. These

devices include adaptive cruise control, blind spot monitoring, forward collision

warning, lane departure warning, automatic parking, and collision avoidance

systems.

Some studies have observed large individual differences in self-regulatory driv-

ing practices and there are various factors influencing the use of compensatory driv-

ing strategies among older drivers (Devlin & McGillivray, 2014; Molnar et al.,

2014). Furthermore, contrary to the general expectation, a study found that more

self-reported compensatory driving behaviors were not associated with reduced

crash risks among older drivers (Choi, 2016). These findings suggest that many

older drivers who are at risk may not have accurate knowledge of effective compen-

satory driving behaviors, which might have resulted in failing to adopt necessary

compensatory driving practices or using ineffective strategies. Studies suggested

that compensatory driving behaviors are more likely to be predicted by self-

confidence in driving or self-perceived functional abilities, but less likely to be

associated with one’s actual functional impairments or driving performance (Choi,

2016; Devlin & McGillivray, 2014; Molnar et al., 2014). This may explain why

some older drivers at higher risks do not regulate their driving or fail to adopt

compensatory driving behaviors at an appropriate level. Thus, providing accurate

information about age-related functional declines and the risks associated with those

declines, as well as effective compensatory driving behaviors a driver can use, is a

key to promote compensatory driving practices among older drivers. The NHTSA,

together with the USAA Educational Foundation and AARP, developed a booklet

which outlines the potential impacts of various functional declines with aging, and

the associated compensatory driving strategies that can be taken to cope with each

type of decline, so that older drivers remain safe drivers (Driving safely while aging

gracefully, n.d.). This booklet provides a list of compensatory driving behaviors for

drivers who are experiencing declines in attention and reaction time that might

contribute to things like planning a route in advance, keeping a safe distance with a

car ahead, avoiding making left turns at intersections where no green arrow signal

is present to provide protected turns, and scanning far down the road constantly. In

order to help effective driving practices, it provides specific compensatory actions

that a driver can take. For example, to keep a safe distance behind another vehicle,

a driver can find a marker located ahead (e.g., a tree, sign or lamp post). When the

leading vehicle passes this marker, the driver can count to themselves, “1001, 1002,

1003, 1004,” so that the driver leaves enough space to reach 1004 before they reach

the same place of the leading vehicle when the count began.
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A variety of educational programs has already been made available to older dri-

vers. Seattle has demonstrated targeted education efforts toward older adults

through partnerships with AARP and local media to run public service announce-

ments and speak in person with older drivers (Curtin & Schwartz, 2016). A fair

amount of research has also indicated that driver educational programs designed to

change self-perceptions and to promote self-regulatory driving have been effec-

tively able to increase compensatory driving practices and reduce crash risks among

older drivers (Curtin & Schwartz, 2016; Kua, Korner-Bitensky, Desrosiers, Man-

Son-Hing, & Marshall, 2007; Owsley, Stalvey, & Phillips, 2003). Findings showed

that, although some interventions improved awareness of a driver’s own limitations

of driving exposure and avoidance of challenging driving situations (Owsley et al.,

2003), they often failed to directly reduce crashes (Kua et al., 2007; Nasvadi &

Vavrik, 2007), which may suggest limited effectiveness of the currently available

programs. Furthermore, while various safety-related ADASs are available and have

great potential, use of those technologies as compensatory strategies may be limited

among older drivers. Older driver education aiming to improve acceptance and

familiarity with the technologies may facilitate strategic driving behaviors using

technological solutions.

Advanced vehicle technologies

Another potential solution to improve older adults’ driving safety is to use advanced

vehicle technology. These technologies providing automated functions may assist

older drivers in tasks that become increasingly difficult due to the cognitive and

physical declines that are known to occur with age, or could reduce the severity of

crash by taking over vehicle control when necessary. For example, a crash mitiga-

tion system could detect a hazard (e.g., another vehicle or a cyclist) on the collision

course of the vehicle and present a warning to the driver. If no manual braking is

subsequently applied, automatic braking will be engaged to prevent a crash. In other

situations, when a driver applies vigorous braking to try to stop the vehicle as

quickly as possible, the system would apply extra braking force to facilitate vehicle

speed reduction. Crash mitigation systems have been found to be effective in avoid-

ing crashes or mitigate the consequence of an unavoidable crash (Fecher et al.,

2008). Given the fragility and cognitive changes associated with advanced age,

older drivers could benefit greatly from this type of technology. Research has

shown that older drivers in general hold very positive attitudes toward such technol-

ogy and prefer earlier warnings (e.g., more than 3 seconds of time-to-collision;

Wilschut, Kroon, Goede, Cremers, & Hoedemaeker, 2014). Blind spot warning is

another technology that has the potential to significantly benefit older drivers. As

drivers age, flexibility in head and trunk rotation declines (Chen, Xu, Lin, &

Radwin, 2015; Malfetti, 1985). As a result of limited neck mobility, older drivers

experience difficulties to observe blind spots (Janke, 1994), thus make far less

checks of blind spots than younger drivers (Lavallière et al., 2011), which led to

increased crash risks in older age (Marottoli et al., 1998). Blind spot warning tech-

nology provides notifications to a driver when a car in the adjacent lane enters in
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the driver’s blind spot. Furthermore, with blind spot assistance, the system may

even automatically take an action to avoid collisions with hazards in the blind spot.

Despite concerns of system reliability in conditions such as poor weather and poten-

tial distraction from the warning signals on driving, drivers including those in the

older age responded positively to the effectiveness of blind spot warning systems

(Braitman, McCartt, Zuby, & Singer, 2010; Cicchino & McCartt, 2014). A compre-

hensive review of older drivers’ attitude, use and benefits of various advanced

in-vehicle technologies is presented in Eby et al. (2016). In addition to the develop-

ment and evaluation of these technology, another important step is to bring these

safety features to the awareness of older drivers that facilitates drivers’ decisions

when buying new vehicles. Efforts have been made, such as the recent update to

Smart Features for Older Drivers (AAA Foundation for Traffic Safety, 2013b),

MyCarDoesWhat.org (National Safety Council, 2015) and the CarTech VR360 app

(National Safety Council, 2017).

Vehicles with high-level automation (and even full automation) have been pro-

posed as another method to potentially improve the mobility of older adults (Zmud,

Ecola, Phleps, & Feige, 2013). This technology may be particularly useful for pro-

viding a stress-free mode of transportation to older adults with certain driving

restriction, those who have ceased driving altogether, or older adults with limited

access to public transit services. While the modern high-level vehicle automation

has lots of promises, human factors research aimed at understanding driver behavior

when interacting with highly automated vehicles is still in its infancy. This is espe-

cially true for research aimed at older drivers’ interaction with highly automated

vehicles. It is not clear how cognitively demanding it is to use this vehicle technol-

ogy under dynamic driving situations (e.g., to monitor whether automation is work-

ing properly). Research is also needed to investigate how to help older drivers

develop an accurate understanding of the capabilities and limitations of such high-

level automation. As older drivers, on average, may be less experienced with

advanced vehicle technology, more training and support would be necessary to

enable older drivers to adopt and correctly use these technologies.

Older drivers, on average, differ from younger drivers in a set of characteristics

that are important to consider when designing highly automated vehicles that are

intended to serve the needs of older drivers. As mentioned earlier, older drivers

experience declines in cognitive functions such as attention, executive function and

proceeding speed (for a review, see Glisky, 2007). It is likely that these differences

in cognitive processing will become apparent with future generations of vehicle

technologies, like instances where an older driver would be required to takeover the

vehicle control after a period of automated driving (i.e., when the vehicle was con-

trolling its operation without the intervention of a driver). During takeovers from

automated states to periods of manual control, older drivers may require warnings

that are of higher intensity, more salient, and are provided earlier on, than warnings

needed by younger drivers. If unexpected takeovers could happen, an important

consideration is if this transition would be too cognitively challenging for older

drivers who experience significant cognitive declines. As mentioned earlier, older

drivers are also less likely to take risks and more likely adopt compensatory driving
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behaviors (for a review, see Staplin et al., 2012) such as driving slower (Kaber

et al., 2012; Trick et al., 2010), braking more frequently (Case, Hulbert, & Beers,

1970), and keeping a longer headway distance from the vehicle ahead (Andrews &

Westerman, 2012; Trick et al., 2010). These age-related differences in driving

behavior imply disparate vehicle dynamics for drivers of different age groups, like

the differential demands for vehicle automations designed for drivers of different

ages. For instance, to make the riding experience comfortable for older adults, a

highly automated vehicle may need to keep a greater headway distance. In addition,

older adults are generally less experienced with newer technology and often lack

access to necessary technical support to help them when encountering difficulties

with technology (Heart & Kalderon, 2011; Peek et al., 2015). Therefore, more

extensive training and assistance would be necessary to support older adults’

successful interaction with highly automated vehicle technology.

The human factors domain recognizes the importance of understanding the issues

around aging and advanced vehicle technologies, and there is a growing interest

and effort in conducting research on this topic. In a study comparing younger and

older drivers’ performance during the takeover of vehicle control during simulated

driving with conditional automation in different levels of traffic (i.e., no traffic,

medium, or high traffic), researchers found older drivers were more likely to take

on compensatory driving behaviors, like maintaining a longer headway distance and

applying the brakes more frequently (Körber, Gold, Lechner, & Bengler, 2016).

These compensatory driving behaviors allowed older drivers to achieve a compara-

ble level of takeover performance as younger drivers. Similarly, in another study,

both younger and older drivers were instructed to engage in a secondary task such

as watching a movie, reading a story, or overseeing vehicle operation (Miller et al.,

2016). The researchers compared younger and older drivers’ takeover performance

under these secondary task conditions in simulated driving with high-level automa-

tion. No age difference was found in takeover performance, while older drivers in

general drove more slowly than younger drivers. In a recent study from our research

group, we observed engagement in nondriving-related activities during simulated

automated driving in both younger and older drivers when they could freely choose

the time and form of engagement (Clark & Feng, 2016). We found that both age

groups engaged in various activities with distinct preferences for the type of activ-

ity. Younger drivers were mostly interested in interacting with their electronic

personal device during the autonomous phase, while older drivers tended to con-

verse with another individual. When a request to takeover was presented, older

drivers responded (e.g., hands back to the wheel, or foot back to a pedal) as quickly

as younger drivers to regain control of the vehicle. Findings from these studies sug-

gest that older drivers are capable of interacting with autonomous vehicles,

although the vehicle dynamics may vary between the two age groups. Such age

differences have significant implications for vehicle automation interface design.

Given the novelty of vehicle technology with high-level automation and its

yet-to-develop market, a few studies examined drivers’ concern, trust, and willing-

ness to adopt the technology. In a survey study that examined public opinions about

highly automated vehicles in the United States, United Kingdom, and Australia
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(Schoettle & Sivak, 2014), older drivers reported greater concerns than younger

drivers over the technology. In a more recent survey study in the United States,

older drivers were less comfortable with high-level vehicle automation and were

particularly skeptical about fully automated vehicles (Abraham et al., 2017). In this

study, older drivers also expressed less willingness to pay for autonomous vehicles

than younger drivers. These age differences in the trust and willingness to adopt the

technology are important to consider when designing advanced vehicle technology

to benefit older drivers.

Alternative mobility services and accessible transportation in
age-friendly communities

In addition to automated vehicle technology, a wide variety of modern technologi-

cal advances may provide alternative solutions for safe and efficient means of trans-

portation for older drivers (Rosenbloom, 2009). Individual ownership of a vehicle

may lead to environmental and financial demands. In recent years, new technolo-

gies have emerged that seek to reduce individual ownership. These systems are

intended to help maintain independence and well-being for older adults, reduce

transportation costs, eliminate the need for and cost of parking, as well as improve

road safety.

Shared mobility service

Shared mobility services, or on-demand vehicles, are one of the important innova-

tions that have greatly changed mobility solutions in the past decade. The ride/car

sharing services (e.g., Uber, Lyft, Zipcar, etc.) are based on the concept of sharing

by connecting people who are in need of a ride with available drivers or vehicles.

Key technologies that enable the process of real-time matching between a shared

mobility service and a need, based on the geographical location, include smartphone

and mobile apps, social networks, and GPS navigation (Bajpai, 2016). Shared

mobility services provide a convenient and cost-effective mode of transportation.

Instead of owning and driving a car, people who live in an urban area can ride a

shared car to reduce or even eliminate stress from traffic congestion, and costs of

parking and fuel.

Beyond the primary benefits for individual riders, there are potential mobility

benefits as well as safety implications associated with this innovative solution. In

particular, they provide alternative transportation for older and disabled populations

that have limited access to affordable transportation. Disabled or older people may

still be able to maintain mobility and independence after losing their capability to

drive safely. Shared mobility services also have safety benefits for general road

users, given the potential reduction in vehicles and traffic on the road. The avail-

ability of ride-sharing services may decrease the number of cars on the road and

reduce travel mileage (Bajpai, 2016), which could lead to improving flows of traffic

and minimize delays. The overall reduction of road use would potentially result in

the more efficient transportation system and better road safety. In addition, given
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the more accessible and convenient ride-sharing services compared to traditional

public transportation (e.g., an older adult does not need to walk to a bus stop in the

winter with snow and ice on ground), drivers who perceived themselves as being at

higher crash risks may favor shared mobility services given its ease.

Age-friendly communities

Over the past decade, there has been growing interest in the development of age-

friendly communities. The World Health Organization (WHO) launched the Global

Age-Friendly Cities project, which aims to help cities around the world make their

communities more accessible and responsive to the needs of older adults with vary-

ing levels of ability (Lui, Everingham, Warburton, Cuthill, & Bartlett, 2009; World

Health Organization, 2007). This project emphasizes that an age-friendly commu-

nity should be designed to support older adults having an active and healthy life

with the appropriate physical and social environments. As an affiliate of the WHO

Age-Friendly Cities program, the AARP initiated the network of age-friendly com-

munities in the United States (Warth, 2016). Similar efforts have been made around

the world including the United Kingdom (e.g., lifetime neighborhood) and Canada

(e.g., Calgary Elder Friendly Communities (EFC) program) (Lui et al., 2009).

Age-friendly communities are different from retirement villages, nursing homes,

or assisted living facilities. The aim of the age-friendly communities is to provide

older people places that actively involve, value, and support both active and frail

older adults, with infrastructure and services that effectively accommodate their

changing needs (Alley, Liebig, Pynoos, Banerjee, & Choi, 2007). Different models

and approaches proposed key features of an age-friendly community, which include

policies, services, and products to meet the needs of the older population in the

community (Alley et al., 2007; Steels, 2015; Lui et al., 2009). Among the critical

physical infrastructure and social environment, providing a better mobility solution

has been heavily recognized as a key basis for the development of a supportive

community for older people (Alley et al., 2007; Steels, 2015; Lui et al., 2009). For

example, the WHO Age-Friendly Cities program identifies a list of aspects of urban

settings and services in eight major domains that can contribute to the participation,

health, independence, and security of older persons (World Health Organization,

2007). The list indicates accessible public and private transportation as a key to

ensuring participation and independence. This Age-Friendly Cities guide indicates

that a number of aspects of the transportation system, including affordability, reli-

ability and frequency, travel destinations, safety and comfort, age-friendly vehicles,

and road design and condition, needs to be carefully designed to improve mobility

and maximize the independence of older residents. The guide also suggests that

age-friendly communities should help driving competence by providing and pro-

moting refresher driving courses.

Much of the aspiration for developing age-friendly transportation in senior com-

munity settings has revolved around two major aspects: improving accessible public

and community transportation and designing a road for the needs of older drivers

(see Brewer, Murillo, & Pate, 2014 for the suggested roadway designs for the aging
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population). As addressed in the previous section, creating alternative transportation

networks can be an effective approach to improving mobility in the age-friendly

communities. In a recent study, Shaheen, Cano, and Carnel (2013) investigated the

potentials of car sharing services in an active older adult community setting. The

study aimed to evaluate the feasibility of an Electric Vehicle car-sharing program

and examine if this program might change travel behaviors and improve the mobil-

ity of older adults. In the study, surveys and interviews were conducted to under-

stand general travel behaviors and preferences for a shared car use system among

the residents in a senior community in the San Francisco area. A majority of the

respondents reported that they typically plan their driving trips in advance, which

suggests on-demand vehicle services might be an appropriate form of transportation

in the older population. While a significant number of respondents did not believe

they would give up their own vehicles, even if they were to join such a program,

38% reported that they would or might sell their household vehicles (Shaheen et al.,

2013). Also, more than half of the survey respondents said they would or might use

public transit and carpool more if a car sharing service were available and assisted

those forms of transportation (Shaheen et al., 2013). The findings suggest opportu-

nities for using shared mobility service as an alternative transportation option

among older adults in a community setting. Although more evidence is yet to be

collected, the promising findings in this study warrant further research to investi-

gate how a variety of technological advances and innovative solutions can improve

mobility and safety in the older population.

Summary

While some of the areas discussed in this chapter have been covered in great detail

by the scientific community, there remains a great deal of work to be done in order

to maximize older adults’ safe and effective methods of transportation. The progres-

sion of neuroimaging technology is likely to become a prominent asset for research-

ers interested in the well-being of older adults. In addition to the more theoretical

investigations on aging and driving, applied and translational explorations on this

topic are also likely to experience significant revelations as previous generations of

transportation technology become antiquated, and are replaced by novel gadgets.

Even though such machinery is currently being developed with the best intentions,

special considerations are necessary to accommodate for older adults’ known differ-

ences in cognitive processing, and driving strategies that might leave them unable

to benefit from, or even be harmed by, these technologies. Fortunately, though,

much of future engineering has already been oriented toward addressing these

concerns, like human factors research on how older drivers use advanced vehicle

technologies, the shared mobility services, and age-friendly communities. With the

expectation for broader availability to research tools, and unknown challenges faced

by the next generation of transportation technologies, the scientific study of aging

drivers is likely to be one with tremendous importance in the future.
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Hassan, S. E., Turano, K. A., Muñoz, B., Munro, C., Roche, K. B., & West, S. K. (2008).

Cognitive and vision loss affects the topography of the attentional visual field.

Investigative Ophthalmology & Visual Science, 49, 4672�4678.

Hawkins, H. L., Kramer, A. F., & Capaldi, D. (1992). Aging, exercise, and attention.

Psychology and Aging, 7(4), 643�653.

Hawley, L. M., & Dunne, C. A. (2003). Driving with rheumatoid arthritis, no problem! Or is

it? Rheumatology, 42, 21�22.

Heart, T., & Kalderon, E. (2011). Older adults: Are they ready to adopt health-related ICT?

International Journal of Medical Informatics, 82, e209�e231. Available from http://dx.

doi.org/10.1016/j.ijmedinf.2011.03.002.

Helmick, C. G., Felson, D. T., Lawrence, R. C., Gabriel, S., Hirsch, R., Kwoh, C. K., . . .
Pillemer, S. R. (2008). Estimates of the prevalence of arthritis and other rheumatic con-

ditions in the United States: Part I. Arthritis & Rheumatism, 58(1), 15�25.

Ho, C., Reed, N., & Spence, C. (2007). Multisensory in-car warning signals for collision

avoidance. Human Factors, 49(6), 1107�1114.

Hoffman, L., McDowd, J. M., Atchley, P., & Dubinsky, R. (2005). The role of visual atten-

tion in predicting driving impairment in older adults. Psychology and Aging, 20(4),

610�622.

Hoffman, L., Yang, X., Bovaird, J. A., & Embretson, S. E. (2006). Measuring attentional

ability in older adults development and psychometric evaluation of driver scan.

Educational and Psychological Measurement, 66(6), 984�1000.

Hofstetter, H. W. (1976). Visual acuity and highway accidents. Journal of the American

Optometric Association, 47(7), 887�893.

Horberry, T., Anderson, J., Regan, M. A., Triggs, T. J., & Brown, J. (2006). Driver distrac-

tion: The effects of concurrent in-vehicle tasks, road environment complexity and age

on driving performance. Accident Analysis & Prevention, 38(1), 185�191.

Hu, P. S., Trumble, D. A., Foley, D. J., Eberhard, J. W., & Wallace, R. B. (1998). Crash risks

of older drivers: A panel data analysis. Accident Analysis & Prevention, 30(5),

569�581.

Ivers, R. Q., Mitchell, P., & Cumming, R. G. (1999). Sensory impairment and driving: The

Blue Mountains Eye Study. American Journal of Public Health, 89(1), 85�87.

James, W. (1890). The principles of psychology. New York: Henry Holt & Company.

105Bringing older drivers up to speed with technology

http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref69
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref69
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref69
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref70
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref70
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref70
http://dx.doi.org/10.1016/j.ijmedinf.2011.03.002
http://dx.doi.org/10.1016/j.ijmedinf.2011.03.002
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref76
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref76
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref76
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref80


Janke, M.K. (1994). Age-related disabilities that may impair driving and their assessment:

Literature review. Report No. RSS-94-156. Sacramento, CA: California Department of

Motor Vehicles.

Jones, J. G., McCann, J., & Lassere, M. N. (1991). Driving and arthritis. Rheumatology, 30(5),

361�364.

Kaber, D., Zhang, Y., Jin, S., Mosaly, P., & Garner, M. (2012). Effects of hazard exposure and

roadway complexity on young and older driver situation awareness and performance.

Transportation Research Part F: Traffic Psychology and Behaviour, 15, 600�611.

Keeffe, J. E., Jin, C. F., Weih, L. M., McCarty, C. A., & Taylor, H. R. (2002). Vision

impairment and older drivers: Who’s driving? British Journal of Ophthalmology, 86

(10), 1118�1121.

Körber, M., Gold, C., Lechner, D., & Bengler, K. (2016). The influence of age on the take-

over of vehicle control in highly automated driving. Transportation Research Part F:

Traffic Psychology and Behaviour, 39, 19�32.

Kramer, A. F., Fabiani, M., & Colcombe, S. J. (2006). Contributions of cognitive neurosci-

ence to the understanding of behavior and aging. In J. E. Birren, K. W. Schaie, R. P.

Abeles, M. Gatz, & T. A. Salthouse (Eds.), Handbook of the psychology of aging (6th

ed.). Amsterdam: Elsevier Inc.

Kramer, A. F., Hahn, S., Irwin, D. E., & Theeuwes, J. (2000). Age differences in the control

of looking behavior: Do you know where your eyes have been? Psychological Science,

11, 210�217.

Kua, A., Korner-Bitensky, N., Desrosiers, J., Man-Son-Hing, M., & Marshall, S. (2007).

Older driver retraining: A systematic review of evidence of effectiveness. Journal of

Safety Research, 38(1), 81�90.

Lam, L. T. (2002). Distractions and the risk of car crash injury: The effect of drivers’ age.

Journal of Safety Research, 33(3), 411�419.

Lamble, D., Rajalin, S., & Summala, H. (2002). Mobile phone use while driving: Public opi-

nions on restrictions. Transportation, 29(3), 223�236.

Langford, J., Koppel, S., McCarthy, D., & Srinivasan, S. (2008). In defence of the ‘low-mile-

age bias’. Accident Analysis & Prevention, 40(6), 1996�1999.

Lavallière, M., Reimer, B., Mehler, B., D’Ambrosio, L., Wang, Y., Teasdale, N., &

Coughlin, J.F. (2011). The effect of age and gender on visual search during lane chang-

ing. In Proceedings of the 6th international driving symposium on human factors in

driver assessment, training, and vehicle design (pp. 621�628).

Li, G., Braver, E. R., & Chen, L. H. (2003). Fragility versus excessive crash involvement as

determinants of high death rates per vehicle-mile of travel among older drivers.

Accident Analysis & Prevention, 35(2), 227�235.

Li, H. J., Hou, X. H., Liu, H. H., Yue, C. L., Lu, G. M., & Zuo, X. N. (2015). Putting age-

related task activation into large-scale brain networks: A meta-analysis of 114 fMRI

studies on healthy aging. Neuroscience & Biobehavioral Reviews, 57, 156�174.

Liessma, M. (1975). The influence of a driver’s vision in relation to his driving. Proceedings

of the first international congress on vision and road safety (pp. 31�34). Stockholm:

LA Prevention Routiere Internationale.

Li-Korotky, H. S. (2012). Age-related hearing loss: Quality of care for quality of life. The

Gerontologist, 52(2), 265�271.

Lin, F. R., Thorpe, R., Gordon-Salant, S., & Ferrucci, L. (2011). Hearing loss prevalence

and risk factors among older adults in the United States. The Journals of Gerontology

Series A: Biological Sciences and Medical Sciences, 66(5), 582�590.

106 Aging, Technology and Health

http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref89
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref89
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref89
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref90
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref90
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref90
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref91
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref91
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref91
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref91
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref92
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref92
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref92
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref92
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref93
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref93
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref93
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref93
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref94
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref94
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref94
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref95
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref95
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref95
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref95


Lui, C. W., Everingham, J. A., Warburton, J., Cuthill, M., & Bartlett, H. (2009). What makes

a community age-friendly: A review of international literature. Australasian Journal on

Ageing, 28(3), 116�121.

Lundberg, C., Hakamies-Blomqvist, L., Almkvist, O., & Johansson, K. (1998). Impairments

of some cognitive functions are common in crash-involved older drivers. Accident

Analysis & Prevention, 30(3), 371�377.

Lyman, S., Ferguson, S. A., Braver, E. R., & Williams, A. F. (2002). Older driver involve-

ments in police reported crashes and fatal crashes: Trends and projections. Injury

Prevention, 8(2), 116�120.

Madden, D. J., & Gottlob, L. R. (1997). Adult age differences in strategic and dynamic

components of focusing visual attention. Aging, Neuropsychology, and Cognition, 4,

185�210.

Madden, D. J., Whiting, W. L., & Huettel, S. A. (2005). Age-related changes in neural

activity during visual perception and attention. In R. Cabeza, L. Nyberg, & D. Park

(Eds.), Cognitive neuroscience of aging: Linking cognitive and cerebral aging

(pp. 157�185). New York: Oxford University Press.

Mahoney, J. R., Verghese, J., Dumas, K., Wang, C., & Holtzer, R. (2012). The effect of mul-

tisensory cues on attention in aging. Brain Research, 1472, 63�73.

Malfetti, J. W. (1985). Needs and problems of older drivers: Survey results and recommenda-

tions. Falls Church, VA: AAA Foundation for Traffic Safety.

Margolis, K. L., Kerani, R. P., McGovern, P., Songer, T., Cauley, J. A., & Ensrud, K. E.

(2002). Risk factors for motor vehicle crashes in older women. The Journals

of Gerontology Series A: Biological Sciences and Medical Sciences, 57(3), 186�191.

Marmeleira, J. F., Godinho, M. B., & Fernandes, O. M. (2009). The effects of an exercise

program on several abilities associated with driving performance in older adults.

Accident Analysis & Prevention, 41(1), 90�97.

Marottoli, R. A., Allore, H., Araujo, K. L., Iannone, L. P., Acampora, D., Gottschalk, M., . . .
Peduzzi, P. (2007). A randomized trial of a physical conditioning program to enhance

the driving performance of older persons. Journal of General Internal Medicine, 22(5),

590�597.

Marottoli, R. A., Richardson, E. D., Stowe, M. H., Miller, E. G., Brass, L. M., Cooney,

L. M., Jr., & Tinetti, M. E. (1998). Development of a test battery to identify older

drivers at risk for self-reported adverse driving events. American Geriatrics Society

Journal, 46, 562�568.

Maryland Department of Transportation Motor Vehicle Administration. (n.d.). What is a

functional capacity test (FCT) screening? Retrieved from ,http://www.mva.maryland.

gov/safety/older/fct-screening.htm..

Mathias, J. L., & Lucas, L. K. (2009). Cognitive predictors of unsafe driving in older drivers:

A meta-analysis. International Psychogeriatrics, 21(04), 637�653.

McCarthy, D. P., & Mann, W. C. (2006). Sensitivity and specificity of the American Medical

Association’s Assessment of Driving-Related Skills (ADReS). Topics in Geriatric

Rehabilitation, 22, 139�152.

McDaniel, M. A., Einstein, G. O., & Jacoby, L. L. (2008). In F. I. M. Craik, & T. A.

Salthouse (Eds.), The handbook of aging and cognition (3rd ed., pp. 251�310). New

York: Psychology Press.

McDowd, J. M., & Craik, F. I. (1988). Effects of aging and task difficulty on divided atten-

tion performance. Journal of Experimental Psychology: Human Perception and

Performance, 14(2), 267.

107Bringing older drivers up to speed with technology

http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref96
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref96
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref96
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref96
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref97
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref97
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref97
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref97
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref98
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref98
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref98
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref98
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref99
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref99
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref99
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref99
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref100
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref100
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref100
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref100
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref100
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref101
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref101
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref101
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref102
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref102
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref103
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref103
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref103
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref103
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref104
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref104
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref104
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref104
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref105
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref105
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref105
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref105
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref105
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref106
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref106
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref106
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref106
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref106
http://www.mva.maryland.gov/safety/older/fct-screening.htm
http://www.mva.maryland.gov/safety/older/fct-screening.htm
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref107
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref107
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref107
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref108
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref108
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref108
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref108
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref109
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref109
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref109
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref109
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref110
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref110
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref110


McGwin, G., Sims, R. V., Pulley, L., & Roseman, J. M. (2000). Relations among chronic

medical conditions, medications, and automobile crashes in the elderly: A population-

based case-control study. American Journal of Epidemiology, 152(5), 424�431.

McKnight, A. J., & McKnight, A. S. (1999). Multivariate analysis of age-related driver

ability and performance deficits. Accident Analysis & Prevention, 31(5), 445�454.

Miller, D., Johns, M., Ive, H. P., Gowda, N., Sirkin, D., Sibi, S., . . . Ju, W. (2016). Exploring

transitional automation with new and old drivers. SAE Technical Paper 2016-01-1442.

Available from http://dx.doi.org/10.4271/2016-01-1442.

Molnar, L. J., Charlton, J. L., Eby, D. W., Langford, J., Koppel, S., Kolenic, G. E., &

Marshall, S. (2014). Factors affecting self-regulatory driving practices among older

adults. Traffic Injury Prevention, 15(3), 262�272.

Molnar, L. J., & Eby, D. W. (2008). The relationship between self-regulation and driving-

related abilities in older drivers: An exploratory study. Traffic Injury Prevention, 9(4),

314�319.

Moták, L., Gabaude, C., Bougeant, J. C., & Huet, N. (2014). Comparison of driving avoid-

ance and self-regulatory patterns in younger and older drivers. Transportation Research

Part F: Traffic Psychology and Behaviour, 26(Part A), 18�27.

Mulwa, C., Lawless, S., Sharp, M., Arnedillo-Sanchez, I., & Wade, V. (2010). Adaptive edu-

cational hypermedia systems in technology enhanced learning: A literature review.

Proceedings of the 2010 ACM conference on information technology education

(pp. 73�84). ACM.

Munoz, D. P., Broughton, J. R., Goldring, J. E., & Armstrong, I. T. (1998). Age-related

performance of human subjects on saccadic eye movement tasks. Experimental Brain

Research, 121, 391�400.

Nasvadi, G. E., & Vavrik, J. (2007). Crash risk of older drivers after attending a mature

driver education program. Accident Analysis & Prevention, 39(6), 1073�1079.

National Highway Traffic Safety Administration. (n.d.). Driving safely while aging grace-

fully. Retrieved from ,http://www.nhtsa.dot.gov/people/injury/olddrive/driving%

20safely%20aging%20web/..

National Safety Council. (2015). MyCarDoesWhat.org. Retrieved from ,https://mycardoes-

what.org..

National Safety Council. (2017). CarTech VR360 (smartphone app). Retrieved from

,https://appadvice.com/app/cartech-vr360/1200913564..

Odenheimer, G. L., Beaudet, M., Jette, A. M., Albert, M. S., Grande, L., & Minaker, K. L.

(1994). Performance-based driving evaluation of the elderly driver: Safety, reliability,

and validity. Journal of Gerontology, 49(4), 153�159.

Ott, B. R., Davis, J. D., Papandonatos, G. D., Hewitt, S., Festa, E. K., Heindel, W. C., . . .
Carr, D. B. (2013). Assessment of driving-related skills prediction of unsafe driving in

older adults in the office setting. Journal of the American Geriatrics Society, 61(7),

1164�1169.

Owsley, C. (1994). Vision and driving in the elderly. Optometry and Vision Sciences, 71,

727�735.

Owsley, C., Ball, K., & Keeton, D. M. (1995). Relationship between visual sensitivity and

target localization in older adults. Vision Research, 35, 579�587.

Owsley, C., Ball, K., Sloane, M. E., Roenker, D. L., & Bruni, J. R. (1991). Visual/cognitive

correlates of vehicle accidents in older drivers. Psychology and Aging, 6(3), 403�415.

Owsley, C., & McGwin, G. (1999). Vision impairment and driving. Survey of

Ophthalmology, 43(6), 535�550.

108 Aging, Technology and Health

http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref111
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref111
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref111
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref111
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref112
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref112
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref112
http://dx.doi.org/10.4271/2016-01-1442
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref114
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref114
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref114
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref114
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref115
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref115
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref115
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref115
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref116
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref116
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref116
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref116
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref117
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref117
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref117
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref117
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref117
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref118
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref118
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref118
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref118
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref119
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref119
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref119
http://www.nhtsa.dot.gov/people/injury/olddrive/driving%20safely%20aging%20web/
http://www.nhtsa.dot.gov/people/injury/olddrive/driving%20safely%20aging%20web/
https://mycardoeswhat.org
https://mycardoeswhat.org
https://appadvice.com/app/cartech-vr360/1200913564
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref120
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref120
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref120
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref120
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref121
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref121
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref121
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref121
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref121
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref122
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref122
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref122
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref123
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref123
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref123
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref124
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref124
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref124
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref125
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref125
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref125


Owsley, C., Stalvey, B. T., & Phillips, J. M. (2003). The efficacy of an educational interven-

tion in promoting self-regulation among high-risk older drivers. Accident Analysis &

Prevention, 35(3), 393�400.

Peek, S. T., Luijkx, K. G., Rijnaard, M. D., Nieboer, M. E., van der Voort, C. S., Aarts, S.,

. . . Wouters, E. J. (2015). Older adults’ reasons for using technology while aging in

place. Gerontology, 62(2), 226�237.

Reason, J., Manstead, A., Stradling, S., Baxter, J., & Campbell, K. (1990). Errors and viola-

tions on the roads: A real distinction? Ergonomics, 33(10�11), 1315�1332.

Reimer, B., D’Ambrosio, L. a, Gilbert, J., Coughlin, J. F., Biederman, J., Surman, C., . . .
Aleardi, M. (2005). Behavior differences in drivers with attention deficit hyperactivity

disorder: The driving behavior questionnaire. Accident Analysis and Prevention, 37(6),

996�1004.

Retchin, S. M., & Anapolle, J. (1993). An overview of the older driver. Clinics in Geriatric

Medicine, 9(2), 279�296.

Roenker, D. L., Cissell, G. M., Ball, K. K., Wadley, V. G., & Edwards, J. D. (2003). Speed-

of-processing and driving simulator training result in improved driving performance.

Human Factors, 45(2), 218�233.

Romoser, M. R., & Fisher, D. L. (2009). The effect of active versus passive training strategies

on improving older drivers’ scanning in intersections. Human Factors, 51(5), 652�668.

Rosano, C., Aizenstein, H. J., Studenski, S., & Newman, A. B. (2007). A regions-of-interest

volumetric analysis of mobility limitations in community-dwelling older adults. The

Journals of Gerontology, Series A: Biological Sciences and Medical Sciences, 62(9),

1048�1055.

Rosenbloom, S. (2009). Meeting transportation needs in an aging-friendly community.

Generations, 33(2), 33�43.

Ryan, G. A., Legge, M., & Rosman, D. (1998). Age related changes in drivers’ crash risk

and crash type. Accident Analysis & Prevention, 30(3), 379�387.

SAE International. (2014). Taxonomy and definitions for terms related to on-road motor

vehicle automated driving systems. J3016-201401.

Sall, R. J., Wright, T. J., & Boot, W. R. (2014). Driven to distraction? The effect of simu-

lated red light running camera flashes on attention and oculomotor control. Visual

Cognition, 22, 57�73. Available from http://dx.doi.org/10.1080/13506285.2013.873509.

Salthouse, T. A. (2005). Relations between cognitive abilities and measures of executive

functioning. Neuropsychology, 19(4), 532�545.

Salthouse, T. A., & Ferrer-Caja, E. (2003). What needs to be explained to account for age-

related effects on multiple cognitive variables? Psychology and Aging, 18(1), 91�110.

Sandell, J. H., & Peters, A. (2001). Effects of age on nerve fibers in the rhesus monkey optic

nerve. Journal of Comparative Neurology, 429, 541�553.

Schneider, B. A., & Pichora-Fuller, M. K. (2000). Implications of perceptual deterioration for

cognitive aging research. In F. I. M. Craik, & T. A. Salthouse (Eds.), Handbook of aging

and cognition (2nd ed., pp. 155�219). Mahwah, NJ: Erlbaum.

Schoettle, B., & Sivak, M. (2014). A survey of public opinion about autonomous and self-

driving vehicles in the U.S., the U. K., and Australia. The University of Michigan

Transportation Research Institute. Report No. UMTRI-2014-21.

Sekuler, A. B., Bennett, P., & Mamelak, M. (2000). Effects of aging on the useful field of

view. Experimental Aging Research, 26, 103�120.

Sekuler, R., McLaughlin, C., & Yotsumoto, Y. (2008). Age-related changes in attentional

tracking of multiple moving objects. Perception, 37, 867�876.

109Bringing older drivers up to speed with technology

http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref126
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref126
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref126
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref126
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref127
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref127
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref127
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref127
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref128
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref128
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref128
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref128
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref129
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref129
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref129
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref129
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref129
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref130
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref130
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref130
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref131
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref131
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref131
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref131
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref132
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref132
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref132
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref133
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref133
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref133
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref133
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref133
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref134
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref134
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref134
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref135
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref135
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref135
http://dx.doi.org/10.1080/13506285.2013.873509
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref137
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref137
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref137
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref138
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref138
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref138
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref139
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref139
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref139
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref140
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref140
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref140
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref140
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref141
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref141
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref141
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref142
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref142
http://refhub.elsevier.com/B978-0-12-811272-4.00004-X/sbref142


Shaheen, S.A., Cano, L.A., & Camel, M.L. (2013). Electric vehicle carsharing in a senior

adult community in San Francisco Bay area. In: Transportation research board 92nd

annual meeting (No. 13-4491), Washington, DC.

Sims, R. V., McGwin, G., Jr, Allman, R. M., Ball, K., & Owsley, C. (2000). Exploratory

study of incident vehicle crashes among older drivers. Journals of Gerontology, Series

A: Biological Sciences and Medical Sciences, 55(1), 22�27.

Somberg, B. L., & Salthouse, T. A. (1982). Divided attention abilities in young and old

adults. Journal of Experimental Psychology: Human Perception and Performance, 8(5),

651�653.

Spear, P. D. (1993). Neural bases of visual deficits during aging. Vision Research, 33(18),

2589�2609.

Spence, C., & Ho, C. (2008). Multisensory warning signals for event perception and safe

driving. Theoretical Issues in Ergonomics Science, 9(6), 523�554.

Spence, I., & Feng, J. (2010). Video games and spatial cognition. Review of General

Psychology, 14(2), 92�104.

Staplin, L., Lococo, K. H., Martell, C., & Stutts, J. (2012). Taxonomy of older driver beha-

viors and crash risk. Washington, DC: U.S. Department of Transportation, DOT HS 811

468A.

Steels, S. (2015). Key characteristics of age-friendly cities and communities: A review.

Cities, 47, 45�52.

Strayer, D. L., & Drew, F. A. (2004). Profiles in driver distraction: Effects of cell phone con-

versations on younger and older drivers. Human Factors, 46(4), 640�649.

Stutts, J. C., Stewart, J. R., & Martell, C. (1998). Cognitive test performance and crash risk

in an older driver population. Accident Analysis & Prevention, 30(3), 337�346.

Sun, Y., Wu, S., & Spence, I. (2015). The commingled division of visual attention. PLoS

One, 10(6), e0130611. Available from http://dx.doi.org/10.1371/journal.pone.0130611.

Szlyk, J. P., Myers, L., Zhang, Y. X., Wetzel, L., & Shapiro, R. (2002). Development and

assessment of a neuropsychological battery to aid in predicting driving performance.

Journal of Rehabilitation Research and Development, 39(4), 483�496.

Tefft, B. C. (2014). Driver license renewal policies and fatal crash involvement rates of older

drivers, United States, 1986�2011. Injury Epidemiology, 1(25), 1�11.

Trezise, I., Stoney, E. G., Bishop, B., Eren, J., Harkness, A., Langdon, C., & Mulder, T.

(2006). Report of the road safety committee on the inquiry into driver distraction (Rep.

No. 209). Melbourne, VIC: Road Safety Committee, Parliament.

Trick, L. M., Perl, T., & Sethi, N. (2005). Age-related differences in multiple-object tracking.

Journals of Gerontology, Series B: Psychological Sciences and Social Sciences, 60,

102�105.

Trick, L. M., Toxopeus, R., & Wilson, D. (2010). The effects of visibility conditions, traffic

density, and navigational challenge on speed compensation and driving performance in

older adults. Accident Analysis and Prevention, 42(6), 1661�1671.

Tsang, P. S., & Shaner, T. L. (1998). Age, attention, expertise, and time-sharing performance.

Psychology and Aging, 13(2), 323�347.

Vrkljan, B. H., Cranney, A., Worswick, J., O’Donnell, S., Li, L. C., Gélinas, I., . . . Marshall,
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Introduction

Maintaining an older adult’s health is crucial to achieving a high quality of life.

However, as older adults age, many face issues that compromise their health.

Consequently, ongoing efforts focus on seeking ways to promote individual health

particularly with advancing age. One strategy that has consistently been effective

on health promotion for people of all ages is connections to natural elements such

as trees, grass, water, and living animals. Nature has shown to have therapeutic ben-

efits dating back to ancient times with mounting evidence proving it is a positive

stimulus that promotes health. However, as health declines due to advancing age, it

is not always practical or safe to venture outdoors to immerse oneself in the natural

environment. Therefore, the premise of this chapter is that the use of technology to

evoke a positive health effect (a technological support) is effective for connecting

older adults to natural environments. The focus of many of these emerging techno-

logical supports is to help maintain health and a high quality of life. This emerging

field is showing promise by simulating natural landscapes such as nature scenes of

landscapes into the built environment for therapeutic purposes. Technological sup-

ports are useful when immersion in, and access to, nature is not possible due to rea-

sons such as safety concerns and physical limitations. Technological supports that

connect older adults to nature are vehicles to promote healthy lifestyles and quality

of life in various ways. Firstly, technological supports encourage physical function-

ing and physical activity as well as aiding pain management and stress reduction.

Secondly, technological supports boost cognitive functioning through exposure to

multisensory stimulation and lifelong learning and entertainment opportunities.

Finally, technological supports facilitate social connectedness with family and

friends, which enhances cognitive and physical activity, emotional health, and

enjoyment. In summary, the potential for connecting people to natural environments

using various technological innovations is possible while the simulations are

becoming more realistic. However, the verdict is still out as to whether virtual land-

scapes provide the same therapeutic benefits as actually immersing oneself in a nat-

ural environment.

This chapter is organized into three main sections. The first section argues that

promoting health is essential for the growing number of older adults to maintain a

high quality of life. Next, the second section makes the case that natural environ-

ments are therapeutic, and simulating landscapes using technological supports has

Aging, Technology and Health. DOI: http://dx.doi.org/10.1016/B978-0-12-811272-4.00005-1

Copyright © 2018 Elsevier Inc. All rights reserved.

http://dx.doi.org/10.1016/B978-0-12-811272-4.00005-1


the potential to promote the health of older adults. Finally, in the last section, exam-

ples of technological supports connecting older adults to nature are discussed. More

specifically, innovations in simulations, virtual environments (VEs) and interactive

screens are being studied and integrated into built environments showing positive

benefits for health promotion.

Promoting health is essential for older adults
to maintain a high quality of life

In the first section, the context of the chapter is discussed, particularly the implica-

tions of the growth of the aging population. Older adults face many challenges with

maintaining health and healthy lifestyles, both of which are prerequisites to achiev-

ing a higher quality of life.

Growth of the aging population and challenges
to maintaining health

The United States, similar to many other parts of the world, is experiencing an

increase in the older population due to population growth, an increase in life expec-

tancy and a decline in mortality rates. According to the US Department of Health

and Human Services, in 2015 one in seven Americans was over 65 years of age

representing about 14.9% of the population and this percentage is expected to

increase at a staggering rate. The US Census Bureau predicts that the 651 popula-

tion will grow to represent almost 22% of the overall population by 2040 as shown

in Fig. 5.1 (Administration on Aging, Administration for Community Living, US

Department of Health, & Human Services, 2016). This growth pattern is presenting

challenges since older adults desire to have a high quality of life up until the end of

life. Despite this desire, older adults often face many challenges in maintaining a

high quality of life influenced by the interrelated factors contributing to the health

of an older adult.

Health is a multidimensional concept influenced by many intrinsic and extrinsic

factors. According to the World Health Organization’s original and unchanged defi-

nition of health since 1948, health is a “complete state of physical, mental and

social well-being and not merely the absence of disease or infirmity” (World

Health Organization, 2017). As such, there are multiple dimensions contributing to

the ever-changing state of one’s health. Fig. 5.2 shows that health has various levels

and operates as a dynamic continuum ranging from optimum health to approaching

death. The status of one’s health influences one’s needs, capabilities, and resources,

which often compromise choices such as whether or not a person can remain at

home independently.
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Figure 5.1 Number of persons 651: 1900�2060 (numbers in millions).

From Administration on Aging, Administration for Community Living, U.S. Department of

Health and Human Services. (2016). Profile of older Americans. Retrieved from Administration

for Community Living ,https://aoa.acl.gov/aging_statistics/profile/index.aspx..

Figure 5.2 Levels of health.

From Fanshel, S., & Bush, J. W. (1970). A health-status index and its application to health-

services outcomes. Operations Research, 18(6), 1021�1066. doi:10.1287/opre.18.6.1021.
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Over 87% of older adults want to continue to live independently in their homes

and communities as they age, yet the preference to live at home is often not possi-

ble due to the gradual decline in an older adult’s health as they age (Farber,

Shinkle, Lynott, Fox-Grage, & Harrell, 2011). It is estimated that, at least 90% of

the growing population of those 651 will have one or more chronic conditions,

while at the same time, the population of professional and informal caregivers is

declining (The Schmieding Center for Senior Health and Education, The

International Longevity Center-USA, n.d.). To achieve the desire to live indepen-

dently and retain quality of life, older adults must maintain their physical, mental,

and social health as they age. Therefore, the question explored in this chapter is:

Can technologies be used to promote health among older adults? One area that is

showing promise is using technology to gain access to nature, because humans have

innate tendencies to seek connections with nature and various life forms (Wilson,

1984).

Quality of life indicators for older adults

Health is a significant indicator of quality of life for older adults. The WHO defines

quality of life as “individuals’ perception of their position in life in the context of

the culture and value systems in which they live and in relation to their goals,

expectations, standards, and concerns” (The WHOQOL Group, 1995). As stated

previously, goals, expectations, standards, and concerns for older adults include

independent living as they age which is enhanced by physical and mental health,

emotional well-being, and social functioning (Baernholdt, Hinton, Yan, Rose, &

Mattos, 2012). Quality of life is frequently measured using the Quality of Life

Index which is a generic satisfaction with life tool that accounts for individual’s

reactions to four life domains: Health and functioning, socioeconomic, psychologi-

cal/spiritual, and family (Levasseur, Desrosiers, & Tribble, 2008).

Health as a concept has evolved over time into a multidimensional concept that

encompasses various interrelated dimensions as shown in Fig. 5.3. Scientists gener-

ally recognize five factors or determinants of health. The first determinant is genes

and biological factors such as sex and age. The second determinant is health beha-

viors such as physical activity, eating habits, smoking, and alcohol use. Third,

one’s social environment or social characteristics such as income, gender, and fam-

ily composition, which influence an individual’s health. The fourth factor that influ-

ences one’s health is the total ecology or physical environment that an individual

inhabits, such as where a person lives and works, community characteristics and

natural resources. Finally, access to medical care and quality healthcare services

influence an individual’s health. While it has been debatable on the exact factors

and percentages that influence one’s health, there has been some consistency in

these five determinants of health (Schroeder, 2017; Tarlov, 1999).

Initiatives focused on advocating for the role of healthy communities and healthy

cities have long argued that the built and natural environment a person occupies
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influences his or her health. Proponents of this mindset believe that, “Health

encompasses not just the absence of disease, but the full range of quality of life

issues, including lifestyle and behavioral choices, genetic endowment, and the

socioeconomic, cultural and physical environment. Health is a byproduct of a wide

array of choices and factors—not simply the result of medical intervention” (Norris

& Pittman, 2000).

This expanded view of health builds upon several research studies. For example,

Lawton, Windley, and Byerts (1982) and Lawton (1983a, 1983b). Dr. Powell

Lawton, a highly respected researcher who was a strong advocate for the needs of

the elderly, found several components linked to the quality of life. He concluded

six components of quality of life as follows: (1) Psychological well-being including

mental health status, cognitive judgements of life satisfaction, positive�negative

emotions, and positive outlook; (2) external, objective, and physical environment

such as housing and neighborhood resources; (3) adequate financial circumstances;

(4) health and functioning; (5) social relationships; and (6) leisure activities. He

also found that independent living was especially important. In another study,

Bowling, Banister, Sutton, Evans, and Windsor (2002) found that independent pre-

dictors of self-rated global quality of life included: Social comparisons and expecta-

tions, personality and psychological characteristics (optimism�pessimism), health

and functional status, and person and neighborhood social capital. Additionally,

Barton and Grant (2006) expanded on the determinants of health and well-being to

include the neighborhood/community, built, and natural environment (see Fig. 5.4).

As more research unfolds, there is increasing evidence showing that environmental

conditions (built and natural environments) are contributing factors to health and

quality of life.

Figure 5.3 Determinants of health.

From Tarlov, A. R. (1999). Public policy framework for improving population health.

Annals of the New York Academy of Sciences, 896, 281�293. doi:10.1111/j.1749-6632.1999.

tb08123.x.
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Thus, the dimensions of health have expanded over time as well as the intercon-

nectedness and relationships across all of the dimensions as noted in numerous

studies. For example, the 2005�2006 National Health and Nutrition Examination

Survey (NHANES) survey data (n5 911) collected from Americans 60 years and

older revealed that physical functioning, specifically activities of daily living

(ADLs), was associated with physical and mental health, emotional well-being, and

social functioning (Baernholdt et al., 2012). Likewise, the study showed that physi-

cal activity was related to social functioning, and that healthcare utilization was

linked to emotional well-being. In another study, Levasseur et al. (2008) found that

older adults’ quality of life decreased according to activity limitations. However,

they agree with other researchers that adaptation to activity limitations has more

influence on quality of life than activity limitations by themselves.

Still other studies show the role of social connections in maintaining a quality of

life. In a secondary data analysis of the English Longitudinal Study of Ageing,

which included 4848 adults over age 50 years living in England, findings revealed

that becoming depressed and developing difficulties with ADLs contributed to

Figure 5.4 Determinants of health and well-being in our neighborhoods.

Adapted from Barton, H., & Grant, M. (2006). A health map for the local human habitat. The

Journal for the Royal Society for the Promotion of Health, 126(6), 252�253. doi:10.1177/

1466424006070466.
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decreases in quality of life. Conversely, the study showed that improvements in

family relationships, the neighborhood, and perceived financial position all counter-

acted the decline in quality of life. Therefore, the authors concluded that the main-

tenance of good quality of life in older adults is necessary to avoid depression,

maintain physical functioning, and enjoy good family relationships, financial stabil-

ity, and high-quality neighborhoods (Webb, Blane, McMunn, & Netuveli, 2011).

Promoting healthy lifestyles and health-promoting behaviors are essential

requirements for older adults to have a high quality of life, yet many factors have

moderating effects on each other. In regards to lifestyle, The Baltimore

Longitudinal Study of Aging (BLSA), which began in 1958, has revealed that exer-

cise, healthy eating and social activities are cornerstones to healthy aging (National

Institute on Aging, National Institutes of Health, US Department of Health &

Human Services, 2010). People who exercise regularly live longer and have better

quality of life because of enhanced physical and cognitive functioning, reduced risk

of falls, and reduced risk for diseases such as cardiovascular disease and osteoporo-

sis. Exercise is also an effective treatment for several chronic conditions such as

arthritis, high blood pressure, or diabetes. In addition to exercise and healthy eating,

people who volunteer and are sociable, generous, and goal-oriented, report higher

levels of happiness and lower levels of depressions than others. Involvement in hob-

bies, social, and leisure activities enhance longevity and reduce risk for dementia.

Due to this and other evidence, there has been increasing emphasis in seeking ways

older adults can increase physical activity, the promotion of healthy lifestyles and

social connectedness with families and friends.

Technology supports for quality of life

Technology is a promising vehicle for promoting health and quality of life. In fact,

technology has been applied to various applications to enhance an older adult’s

ability to enjoy a high quality of life by facilitating a healthy lifestyle, social con-

nections, and access to needed services. Technology has equipped healthcare pro-

fessionals and informal caregivers to more effectively meet the needs of their

patients and care recipients. According to the 2014 report update of “The New Era

of Connected Aging: A Framework for Understanding Technologies that Support

Older Adults in Aging” emerging technologies are enabling both older adults and

their caregivers to meet medical, health, social, and functional needs (Center for

Technology & Aging (CTA), Center for Information Technology Research in the

Interest of Society (CITRIS), Public Health Institute (PHI), 2014). For example,

older adults are monitoring their physiological and mental health status with body-

worn sensors and activity monitors that offer automated coaching.

Using technological simulations, physical and cognitive health has been

improved through games and training such as Lumosity.com, PositScience.com and

Wii Fit. Technology has also been used to improve medication adherence with

medication reminder alerts using interactive voice response, text messaging, or
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e-mail. Medication dispensers have been used to provide the correct dosage of med-

ication at the right time. GPS navigation devices have been used to help caregivers

of those with early dementia keep track of their location. Likewise, “Smart home”

technologies are increasingly being used to monitor ADLs and generate alerts if

activities appear abnormal or a fall is detected. Moreover, technology is being

used to help healthcare providers through remote patient monitoring (RPM), care

transitions, medication optimization, and mHealth tools (Center for Technology &

Aging, 2014).

Perhaps one of the greatest benefits of technology is the ability to stay connected

to family, friends, and communities. Loneliness has been shown to be a predictor of

functional decline and death (Perissinotto, Cenzer, & Covinsky, 2012). Social com-

munication technologies such as Skype, social networking through sites such as

Facebook.com and Aarp.org/onlinecommunity, and increasing volunteer opportu-

nities through SeniorCorps.org are being used to enhance social connectedness and

reduce loneliness. While all of these various technologies are developing at break-

neck speed, an untapped resource is the use of technologies to simulate the feeling

of being outside in nature.

Natural environments are therapeutic

The second section of this chapter posits that natural environments have been linked

to a wide array of health indicators and quality of life issues. The question explored

in this section is whether technology can be an effective substitute to connect older

adults to nature when actual immersion in nature is not possible. There is an

increasing number of studies suggesting that various technologies are being used to

simulate natural environments and nature. While it is still an emerging area of

study, examples suggest that technologies simulating nature scenes and landscapes

are positively influencing health and quality of life.

Health benefits of nature

While many factors influence health and quality of life, one aspect that is often

overlooked is the role of natural environments and nature in promoting health.

Nature’s therapeutic benefits for people have a rich and ancient tradition. Ancient

Greeks conducted pilgrimages to the Temples of Asclepius to experience healing

dreams. The temples were often located in sheltered landscapes surrounded by hills

and trees, with streams, pools of water, or mineral springs (Gesler, 2003). Roman

baths were associated with health, well-being, and healing and often located at hot

springs (Cunliffe, 1971). Likewise, medieval monastery gardens were frequently

installed near hospital wards and recuperating patients were encouraged to stroll

through the aromatic medicinal plants and shrubs (van den Berg, 2005). More

recently, the restorative effects of nature have been studied scientifically which was
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captured in a landmark study published in Science in 1984. Dr. Roger Ulrich con-

ducted a comparative analysis of 23 matched surgical patients where half of the

patients were assigned to a view overlooking a nature scene out the patient room

window and the other half assigned to view overlooking a brick building wall.

Results found that patients overlooking the natural setting had shorter postoperative

hospital stays, fewer complaints, and took fewer pain medications (Ulrich, 1984).

The tradition of blending natural and built environments to foster healing and well-

being continues today. Modern day spas, such as the renowned Grove Park Inn in

Asheville, NC and Mohonk Mountain House in New Paltz, NY sport extensive

views of stone, wood, gardens, and water as shown in Fig. 5.5. Elements of wood,

stone, and “old” are used in these spas associated with restorative health benefits

according to the survey research (Kaplan & Kaplan, 1989).

An increasing number of studies are showing that older adults’ health and quality

of life is being improved in various ways through contact with nature. For example,

nature contact facilitates greater physical activity, lower perceived stress, and better

recovery from surgery (Largo-Wight, 2011; Ulrich, Simons, Losito, & Zelson,

1991). There are multiple ways older adults can access nature. For example, inter-

action with plants, animals and landscape views can be achieved through outdoor

contact, indoor contact or indirectly. It has also been shown that outdoor nature

contact offers the most benefit perhaps because of the multisensory stimulation

occurring from seeing, hearing, and smelling natural elements (Largo-Wight,

2011). Green and “blue” spaces (environments with running or still water) are

especially beneficial for healthy aging. A study investigating the relationship of

blue and green spaces, therapeutic landscapes, and well-being in later life

revealed that features such as a koi pond or bench with a view of flowers pro-

moted feelings of renewal, restoration, and spiritual connectedness as well as

Figure 5.5 Modern day spas, Grove Park Inn Spa, Asheville, NC (left) and Mohonk

Mountain House, New Paltz, NY (right).

Photos by Ellen Vincent.
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places for multigenerational social interactions and engagement (Global News

Connect, 2015). “Green exercise” and walking in natural settings such as parks,

as compared to walking in an urban environment, results in greater physiological

stress recovery (see Fig. 5.6). Interaction with outdoor plants through horticulture

therapy has also shown to have significant health benefits (Largo-Wight, 2011).

Two large-scale studies that link the health of seniors with exposure to green-

space in the urban environment are noteworthy. In Tokyo, over 3000 people were

surveyed during a five year period and the results showed that people lived longer

if there was walkable greenspace near the person’s residence, the streets were lined

with trees, and if the person had chosen to live in that environment (Takano,

Nakamura, & Watanabe, 2002). In another study conducted in the Netherlands,

over 10,000 people’s self-reported health data was combined with land-use data on

proximate greenspace. Results indicated that people living in a green environment

between 1 and 3km away were significantly healthier than those with less green-

space. The effects were stronger for the elderly than for the sample population as a

whole (de Vries, Verheij, Groenewegen, & Spreeuwenberg, 2003).

Building on this research is a concept called “forest bathing.” In one project,

“Forests and Human Health” launched by the European Co-operation in the Field of

Scientific and Technical Research and the International Union of Forest Research

Organizations, findings showed a positive impact of the forest environment for human

health. Similarly, in many Asian countries, forest bathing, or spending extended time

in a forest, is widely adopted by people. A study of young male forest bathers found

that compared to those in an urban environment, they experienced stress reduction

Figure 5.6 Labyrinth at Mepkin Abbey, Monks Corner, SC.

Photo by Ellen Vincent.
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mechanisms such as parasympathetic nervous system stimulation, reduction of

cortisol, and reduction of pulse rate. Forest bathers also reported feelings of being

soothed and refreshed, reported enhancement of positive mood states, and

decreases in negative mood state compared with the urban environment subjects

who experienced an increase in negative mood state (Lee et al., 2011).

Another pioneer in the field, Dr. Susan Rodiek has conducted multiple research

studies and concluded that older adults who have outdoor nature contact enjoy bet-

ter quality of life, improved recovery from illness, stimulated sensory perception,

increased physical activity, increased social interactions, and an enhanced sense of

self and well-being. She found that exposure to daylight had specific health benefits

through increased levels of vitamin D, serotonin, and melatonin, improved hyperten-

sion management, hormone balance, sleep, mood, distraction from pain, as well as

the reduction of reported pain and use of pain meds (Rodiek, 2009a). Daylight expo-

sure has also been shown to be effective for regulating sleep-/wake-cycles, circadian

cycle, and reducing incidence of Seasonal Affective Disorder. Dementia patients

can have particular benefits from being outdoors as it helps elicit memories by stim-

ulating senses, increasing brain plasticity, and reducing agitation (Rodiek, 2009b).

Indoor nature contact through interaction with plants, animals, or landscape

views experienced inside of buildings also benefits the health of older adults. For

example, animal-assisted therapy is a proven stress-reduction activity (Largo-

Wight, 2011). Indirect nature contact, through viewing nature photography and art,

or listening to recorded nature sounds has also been shown to benefit health

(Frumkin, 2001; Largo-Wight, 2011). Finally, in a randomized study, Diette,

Lechtzin, Haponik, Devrotes, and Rubin (2003) found that patients exposed to

landscape photographs and recorded nature sounds reported a 43% increase in self-

reported pain control compared to a randomized control group.

Technological supports connecting older adults to nature
are showing promise as vehicles for health promotion

To conclude this chapter, this section argues that simulated natural environments

using technological supports are advantageous for promoting health. Examples fol-

low illustrating how various technological supports are showing promise for con-

necting older adults to nature through simulations, VEs, virtual reality (VR), and

interactive screens.

Use of simulated natural environments to promote health

As technologies become more advanced, accessible and affordable, new applica-

tions are emerging in health promotion programs. Furthermore, technology is

capable of reproducing high fidelity, realistic environments with multisensory

enhancers. Thus, the question at hand is: Can technology make people feel like
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they are outdoors? Technology is proving to be effective for connecting people to

natural environments through various applications such as simulations, VEs, and

interactive screens. While immersion in real natural settings is known to be thera-

peutic as noted in the previous section, the question remains whether simulated nat-

ural environments are effective substitutes for the actual experience of being

outdoors in nature (see Fig. 5.7).

While physical activity such as walking occurs naturally in well-designed green

spaces, not everyone has access to safe walkable green areas. For example, people

recovering from injuries, elders who are frail, and people who do not feel safe

walking in their outdoor environments are ideal recipients of simulated therapeutic

landscapes. In these cases, technology may be used to display therapeutic land-

scapes, which appear as art on the wall, images on a computer, phone, or exercise

machine, and in video displays. Photographs have been found to be as effective as

real immersive experiences in research studies and are often used to simulate nature

indoors (Stamps, 1990).

However, how do people select images that promote health? Individual prefer-

ence is always a good starting place, but for spaces that have shared clientele a more

theory-based approach may be appropriate. In fact, not all images are equivalent and

it is best to refer to research literature to identify the most appropriate images for a

Figure 5.7 Health benefits of nature through technological supports.

Photo by Dina Battisto.
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specific population (Vincent, Battisto, Grimes, & McCubbin, 2010). Evolutionary

theory provides an excellent starting point to understand how to select images.

Evolutionary theory looks to history to understand humans’ predisposition for spe-

cific landscapes (Appleton, 1996; Kaplan & Kaplan, 1989; Kellert & Wilson, 1993;

Ulrich et al., 1991; Vincent et al., 2010). Appleton’s prospect refuge theory of land-

scape preference is an evolutionary theory developed by studying historical land-

scape paintings that have been influential. Appleton’s prospect refuge theory was

used to select images for both a pilot project in a controlled setting as shown in

Fig. 5.8 and a follow-up hospital study in upstate South Carolina. Appleton identi-

fied detailed categories of prospect, refuge, and hazard to describe landscape scenes.

These categories, along with a mixed prospect and refuge category were used to

guide the image selection process for a pilot study to understand which type of

nature image was most therapeutic. Findings revealed that the mixed prospect and

refuge scene significantly reduced sensory pain in participants who were subjected

to a pain stressor (Vincent et al., 2010).

Prospect is an environmental condition, situation, object or arrangement that pre-

sents real or symbolic access to a view (Appleton, 1996). Elements that contribute

to prospect include blue skies, low vegetative groundcover, and expansive viewing

vantages, such as from high ground. Refuge in the landscape presents real or sym-

bolic situations for hiding or sheltering. In comparison, refuge features in the land-

scape include dim light, and places to hide from inclement weather or threatening

people. Low horizontal tree branches that are suitable for climbing are symbolic of

Figure 5.8 Nature images effect on pain research.

Photo by Ellen Vincent.
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refuge. When equal amounts of prospect and refuge are visible in the landscape or

image it is called mixed prospect refuge (Appleton, 1996; Vincent et al., 2010).

Finally, hazard in the landscape present symbolic threats to life and well-being.

Thunderstorms, thick thorns on vines or shrubs that prohibit movement, and forest

fires are all examples of hazardous landscapes. Examples of these views are illus-

trated in Fig. 5.9.

Interestingly, the virtual environments (VEs) concept of presence, the ability to

imagine oneself in the pictured landscape, of really being there in the image, surfaced

in a hospital research study as being crucial to the selection of images for restorative

health benefits (Ijsselsteijn & Giuseppe, 2003; de Kort, Meijnders, Sponselee, &

IJsselsteijn, 2006). In a research experiment conducted in a hospital setting, images

were clipped to surgery outpatient beds as well as mounted to post-surgery inpatients’

walls. Post-surgery participant surveys revealed that images that exhibited high levels

of presence were most effective for reducing pain (Vincent, 2015).

Virtual environments (VEs) are still in the developmental stage and will perhaps

become a strong tool for restoration and health in the years to come. Medical virtual

reality (VR) research is ongoing at University of Southern California-Institute for

Creative Technologies to explore and discern how it can be used in the fields of

psychology, medicine, neuroscience, physical and occupational therapy (USC

Institute for Creative Technologies, 2017). In addition, VE are being used in the

medical classroom to help students see human anatomy clearly (CBS News, 2017).

Figure 5.9 Natural landscapes capturing Appleton’s Prospect Refuge Theory; (A) prospect

(California); (B) refuge (Ireland); (C) prospect, refuge, mixed (England); (D) hazard (rock

quarry in South Carolina).

Photos by Ellen Vincent.
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Technological supports for increasing nature contact

Technological supports such as screens to display virtual landscape images, VR

googles, and integrated technologies into the environment to simulate natural envir-

onments are helping older adults stay connected to nature. For example, videos of

nature scenes and animals as well as virtual hikes can be viewed on YouTube, and

wildlife can be observed in real time with wireless trail cameras. Watching videos

of nature scenes and sounds has been shown to lower blood pressure and pulse rate

compared to those who view daytime TV or videos of urban scenes and sounds (de

Kort et al., 2006; Ulrich et al., 1991).

In one study, computers were used with 18 elderly research participants in a VE

study in Spain (Banos, Quero, Etchemendy, & Botella, 2012). Two VE nature

walks were designed to promote positive moods in the elderly. One walk symbol-

ized joy while the other promoted relaxation. Elements of both environments

involved walking on a path through a meadow under a blue sky, viewing a stone

bridge, and listening to flowing water. The VE scenes created for the study were

presented on a 21v computer screen with integrated audio speakers, and large key-

board keys arranged in ABC order. This early study shows how adaptive technolo-

gies can be used to accommodate older people.

In another study, exercise bicycles with an attached interactive screen were used

to display VEs at a retirement home in Denmark (Bruun-Pedersen, Pedersen,

Serafin, & Kofoed, 2014). The VE was a summer-time countryside walk on a

gravel path surrounding a lake. The visual scenes were displayed on a 46v LED

monitor and sounds were played through headphones. Fifteen participants pedaled

while immersing themselves in the scene. Results indicated that the majority of the

participants preferred bicycle exercising with the VEs, rather than the conventional

way. Some reported exercising longer and with more excitement due to the access

to nature scenes. This preliminary study indicates that adaptive technology coupled

with virtual nature environments can stimulate physical activity and a positive

mood for the elderly (see Fig. 5.10).

Taking simulated environments to a heightened experience level is through vir-

tual reality (VR). For example, it has been shown that virtual reality (VR) goggles

have tremendous potential to improve quality of life for older adults and those with

dementia. Dr. Sonya Kim, Founder and CEO of One Caring Team, has developed a

virtual reality (VR) program for the elderly that features nature images and sounds.

Her company translated results of over 100 clinical research papers that reveal posi-

tive clinical outcomes using virtual reality (VR) in managing chronic pain, anxiety,

and depression. The report included work by the Chronic Pain Research Institute

found a virtual meditative nature walk helped users manage pain and stress (Platoni,

2016). Another startup called Rendever, established by graduate students at MIT,

provides travel experiences to seniors using Google Maps footage and 360-degree

films (Kelly-Barton, n.d.). In addition, at Aalborg University Copenhagen, VR land-

scapes are being used to encourage nursing home residents to use stationary bicycles

(Aalborg University, 2016).
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VR has unlimited applications for older adults. Dr. Marc Agronin, a geriatric

psychiatrist at Miami Jewish Health Systems and author of “How We Age” and

“The Dementia Caregiver: A guide to Caring for Some with Alzheimer’s Disease

and Other Neurocognitive Disorders,” sees several applications of VR for older

adults including simulating nature experiences. He cautions, however, that headsets

must account for age-related changes in visual acuity and hearing loss, and should

be integrated with existing glasses or hearing aids (see Fig. 5.11). He recommends

the exploration of nonheadset forms of interface such as wearables on arms or

wrists, and that design features must be familiar to older users such as the haptic

and auditory feedback of buttons, knobs, and switches (Agronin, 2016). Dr. Sonya

Kim is a physician and founder of One Caring Team, a company devoted to

improving quality of life of older adults. One Caring Team incorporates research

supporting use of VR in managing chronic pain, anxiety, and depression and has

found VR googles to be effective with elderly including those with dementia.

Challenges remain regarding the weight of the headsets and the cost, but One

Caring Team continues to build VEs and to pursue business partners for help in

overcoming VR challenges for older adults (Platoni, 2016).

Moving forward, technological supports are being seamlessly integrated within

the physical environment. One example that demonstrates this is the Lantern at

Chagrin, an assisted living and dementia care unit aimed to use environmental cues

as therapeutic aids for residents with memory impairments. Informed by the tenets

of biophilic architecture (Wilson, 1984), the memory care facility is organized

Figure 5.10 Nature scenes used for exercise.

Photo by Dina Battisto.
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Figure 5.11 Virtual reality used to connect the elderly to nature.

Photo by Dina Battisto.

Figure 5.12 Lantern at Chagrin.

From Carter, M. (August 25, 2016). This assisted living facility is designed to look like a

small town from the 1940s. Retrieved from CountryLiving ,http://www.countryliving.com/

life/a39630/nursing-home-tiny-houses/..

129Technological supports to increase nature contact

http://www.countryliving.com/life/a39630/nursing-home-tiny-houses/
http://www.countryliving.com/life/a39630/nursing-home-tiny-houses/


around a large community courtyard that simulates an outdoor golf course lined by

tiny houses representing the 1930s and 1940s era with front porches that overlook

the golf course (see Fig. 5.12). To simulate grass for the golf course, there is green

turf carpet and other parts of the floor are painted green. In the interior courtyard,

a “sky ceiling” utilizes fiber optics that mimic daylight and nighttime skies corre-

sponding to the time of the day. The simulated sky aims to regulate circadian sys-

tem and regulate a person’s biological clock to recognize day and night cycles. To

reinforce the feeling of being outside, there are nature sounds with birds chirping to

stimulate the feeling of being outdoors. Another environmental cue to reinforce the

feeling of being outdoors are porch lights that come on at night (Carter, 2016).

In conclusion, opportunities to utilize technologies for connecting older adults to

nature are increasing. The challenges will continue to be how to create high fidelity,

realistic settings using technologies to substitute from actually going outside and

immersing oneself in nature. Finally, developing technological interfaces, formats

and controls that are affordable, age appropriate and easy to use, continues to be a

challenge. Nevertheless, this appears to be a burgeoning field suitable for future

research and new technological applications, and supports to seek ways to connect

older adults to nature to promote health and encourage healthy lifestyles to ensure a

high quality of life.
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Aging, falls, and technology

Falls are the leading cause of accidental death and injury in older adults (Rubenstein,

2006). One in three older adults experience a fall yearly and a significant portion of

those that fall will suffer an injury (Stevens, 2005). Moreover, fall-related injuries

incur more than $30 billion direct medical cost annually and is expected to increase

to $100 billion by 2030 (Stevens & Phelan, 2013). Given the adverse impact of falls,

they have been the focus of significant research. To date over 80,000 older adults

have participated in clinical trials focusing on fall prevention (Gillespie et al., 2012).

This collective research has made it clear that falls are predictable and

preventable with interventions targeting modifiable risk factors such as environmental

hazards, muscle strength, balance, and mobility (Gillespie et al., 2012). However,

despite the increase in the understanding of falls and their prevention, the age-

adjusted fall death-rate among older adults nearly doubled in the last decade

(Kramarow, Chen, Hedegaard, & Warner, 2015). This dramatic increase in death rate

highlights the need for innovative approaches. The development and refinement of

various technologies has the potential to improve fall risk assessment and ultimately

prevention of falls (Patel, Park, Bonato, Chan, & Rodgers, 2012).

The obvious first step to implementing effective fall prevention and risk reduc-

tion involves identification of modifiable fall risk factors. This is necessary for both

identifying individuals at risk for falls and providing appropriate targets for the

design of therapeutic interventions aimed at reducing falls. Indeed the American

Geriatric Society as well as the Centers for Disease Control and Prevention (CDC)

recommends screening of fall risk for older adults at least annually by physicians

(Ambrose, Cruz, & Paul, 2015). Specifically, it is recommended that fall history

(number of falls in the past year), concerns about falling, and patient self-reported

balance or walking impairment are assessed as part of a clinical fall risk screen.
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It is also recommended that functional measures of cognition, static/dynamic bal-

ance and muscle strength are conducted.

There are several limitations with current fall risk screenings. Self-report

measures and subjective clinical judgement are frequently used for clinical fall risk

assessment. Although these approaches are clinically feasible, they lack psychomet-

ric robustness (Howcroft, Kofman, & Lemaire, 2013) (e.g., validity and reliability),

which should be central in the allocation of healthcare resources. Functional bal-

ance and gait assessments such as the Romberg test, 5-time sit to stand, and timed

up-and-go have been promoted as fall risk assessment tools (Buatois et al., 2008;

Maki, Holliday, & Topper, 1994; Podsiadlo & Richardson, 1991). Although these

measures have several advantages, they still have a subjective component and

require staff time and some clinical expertise. Laboratory based measurement tools,

such as motion capture (Hahn & Chou, 2003) and force platform (Maki et al.,

1994) provide objective, quantitative measures of fall risk. However, the equipment

is relatively expensive and requires expertise to be conducted. These limitations

prevent this approach from being integrated into typical clinical scenarios.

Additionally, although falls are multifactorial in nature (Rubenstein, 2006), the

majority of the current fall risk assessments are unidimensional. At best, this results

in an incomplete assessment of fall risk, and at worse, it results in an inaccurate fall

risk profile.

Due in part to these limitations fall risk screenings are rarely performed. Data

suggests that less than 20% of physicians screen older adults for fall risk and make

appropriate treatment plans (Smith et al., 2015). Even when physicians are system-

atically encouraged to objectively measure fall risk (with external funding and best

practices in place) over 75% report that time constraints and competing medical

priorities are significant barriers to implementing fall screening in a clinical setting

(Casey et al., 2016).

The recent development and refinement of imaging and sensor technology, coin-

ciding with the limitations of fall screening practices has led to development of

numerous fall-related technologies. Technologies, such as inertial sensors, low-cost

video/depth camera and ambient sensing, offer an alternative approach to current

practice in fall risk assessment. These technologies provide a platform to effectively

capture and analyze movement data that may provide an easy-to-implement fall

risk screening. More specifically: (1) inertial sensors contain miniaturized acceler-

ometers and gyroscopes that can track triaxial linear acceleration and angular rota-

tion velocity and capable of quantify movement patterns. These sensors have been

used for continuous tracking of mobility, both in the clinic (Greene et al., 2012)

and in the real world environment (van Schooten et al., 2015). (2) Low-cost video/

depth camera provides marker-less 3D motion tracking of body joints by using its

built-in and external validated human skeleton modeling algorithms. It enables fast

and patient-friendly motion tracking that can be used for in-home habitual tracking

(Rantz et al., 2015), as well as objective clinical measures of balance/mobility

(Kargar et al., 2014). (3) Radar/laser sensing technology have also been used in

unobtrusive tracking of human movement (Rantz et al., 2015). This technology can

estimate the movement velocity of individual’s body parts, and identify the
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movement abnormality in impaired individuals. Research has demonstrated its

effectiveness for long-term habitual movement tracking (Rantz et al., 2015), as well

as clinical movement assessment (Nishiguchi et al., 2013).

Although these approaches are promising, they are not without limitations. For

instance, continuous monitoring of movement is computationally demanding,

requires numerous sensors and has inherent privacy concerns (Hawley-Hague,

Boulton, Hall, Pfeiffer, & Todd, 2014). In addition, inertial sensors usually only

serve as a stand-alone recording device that does not interact with the user to pro-

vide guidance or feedback to facilitate the assessment procedure. Further, inertial

sensors are body-worn and often prove cumbersome for older adults. It is also

worth noting that most, if not all, systems are designed to be utilized/interpreted by

clinicians or caregivers and not by older adults themselves (Hawley-Hague et al.,

2014). Furthermore, all current technologies used for fall screening still require

additional personnel to utilize and implement the system, thus potentially limiting

the systems’ cost benefit.

Based on these gaps, our research group is developing a comprehensive auto-

mated fall risk assessment system to be used by older adults. We envisioned a sys-

tem that is automated, affordable, intuitive, touch free, unobtrusive, and safe. These

criteria lead us to develop a system with a relatively inexpensive commercially

available imaging device (the Microsoft Kinect). More specifically, we developed a

system that incorporates assessments that can resemble clinical tests of balance and

mobility (i.e., static/dynamic balance, rapid stepping, and sitting to standing transi-

tion, etc.) as well as collecting other pertinent information associated with risk of

falling—i.e., health history, balance confidence, history of falling, etc. The follow-

ing sections detail the design and refinement process, as well as some preliminary

data highlighting the potential of the system.

Automated fall risk assessment system

The hardware components of the system include a Microsoft Kinect V2 camera, a

PC-based computer and a display screen (Fig. 6.1). The software component

includes three main features: (1) A Fall Risk Assessment Avatar (FRAAn);

(2) assessment of movement during prescribed motor tasks; and (3) a cloud-based

algorithm to determine individuals fall risk.

FRAAn is displayed on the screen and leads the participant through a compre-

hensive fall risk assessment. FRAAn was chosen as a gender- and ethnically neutral

avatar to enhance user acceptance (Nass, Moon, & Green, 1997). FRAAn will ask

participants their age, gender, if they have experienced a fall in the past 12 months,

if they are concerned about falling and whether they feel unsteady during daily

ambulatory activity. Voice recognition technology will be utilized to record the par-

ticipant’s verbal responses. These questions are based on CDC fall risk assessment

recommendations (Stevens & Phelan, 2013). Following the collection of demo-

graphics, participants complete a series of balance and mobility tests. Prior to each
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test, FRAAn provides standardized verbal instructions and visual demonstration of

the required movements.

It is important to note that the design of FRAAn (or computer agent) builds on

progress in developing agents for human�computer systems. Agents with realistic

facial expressions, gestures and other relational cues have been found to improve

learning in automated tutoring systems compared to text-based systems (Mayer &

DaPra, 2012; Moreno, 2005; Schroeder, Adesope, & Gilbert, 2013), in part by

engendering social responses (Reeves & Nass, 1996). Agents are often used and

evaluated in education settings, but much less so in healthcare. However, Bickmore

and colleagues have developed agents that support a variety of patient goals and

have helped diverse patients to follow self-care recommendations compared to text-

based or lower fidelity interfaces (Bickmore, Gruber, & Picard, 2005; Bickmore

et al., 2010; Bickmore, Pfeifer, & Paasche-Orlow, 2009). They may especially help

older adults by emulating best practices for face-to-face communication. We are

not aware of any agents besides FRAAn being implemented in a fall risk assess-

ment scenario.

Fall risk assessment

Given the Kinect camera’s capture range (1.5�4.5 m skeletal tracking range) and

best practice recommendations for quantifying falls risk in older adults (Stevens &

Phelan, 2013), a set of assessments were selected and integrated in the system.

Briefly, the assessment consists of valid and reliable clinical test focusing on static

and dynamic balance. Static balance assessments include a series of 30 s sway

assessments varying visual input with eyes open (EO) and closed (EC), and/or

modifications of base of support—semi-tandem stance (ST), tandem stance (T), and

single-leg stance (SL), see Fig 6.2. Dynamic balance was assessed with the four

Figure 6.1 Schematic of the system.
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square step test (4SQT) (Dite & Temple, 2002). The 4SQT is a clinical test that

requires participants to rapidly change direction while stepping forward, backward

and sideways over a low obstacle. Lastly, muscle strength and coordination were

assessed with the five-time sit-to-stand test (5STS) (Buatois et al., 2008) which is a

clinical test that asks participants to stand up and sit down from a chair five times

as quickly as possible.

In addition to utilizing validated balance assessments, we also took participant

safety into account when designing the system. This is key given the ultimate goal

of an automated unsupervised fall risk screening. In order to ensure safety of users,

the designed tests were carried out in progressive difficulty (i.e., static balance eyes

open precedes eyes closed test and semitandem precedes tandem test, and if an indi-

vidual cannot complete a task after two attempts, the test will end and proceed to

the next test, see Fig. 6.3). Additionally, participants will be able to verbally inform

FRAAn when they need additional instructions, a rest, or if they want to skip a

given task, or stop the assessment entirely. The total time for the assessment is less

than 20 minutes.

Preliminary results

To test the system’s validity and feasibility, the automated fall risk assessment

system is currently being tested in a hospital setting with older adults at high risk of

fall-related injuries. To date, 12 participants (mean age 76.5 years old, age range

65�88, 1 male/11 female) have participated in the automated fall risk assessment

as well as clinical fall risk assessment. Following the automated fall risk assess-

ment, user feedback was collected using the System Usability Scale (SUS) (Brooke,

1996). This feedback was used to enhance the iterative design of the system.

Participants were included if they were at least 65 years of age, able to walk for

10 m (with or without walking aid), normal or corrected to normal vision, and

ability to speak and comprehend written and spoken English. Upon arrival at the

hospital, participants were verbally informed of the experimental procedures

and provided an opportunity to ask questions. After all queries were satisfied,

Figure 6.2 Sample FRAAn demonstration for semitandem, tandem, and single-leg standing

tasks.
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participants signed an informed consent document, which had been approved by the

local Institutional Review Board.

To determine the validity of the automated fall risk assessment system, the

measurement of postural sway during the various movements was compared to

validated fall risk assessment tools—Berg Balance Scale—BBS (Muir, Berg,

Chesworth, & Speechley, 2008), Timed-Up and Go test -TUG (Shumway-Cook,

Brauer, & Woollacott, 2000). Briefly, each participant underwent an automated

fall risk assessment session led by FRAAn, and completed the BBS and Timed

Up-and-Go that was administered by a trained researcher. The BBS is comprised of

14 balance tasks (i.e., standing, sitting, turning, reaching forward, etc.) and the

Figure 6.3 Flowchart of the Automated Fall Risk Assessment procedure. Yes, indicates

participant successfully complete the task.
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participants are scored (0�4) on the ability to complete the tasks. The TUG

requires participant to rise from a chair, walk at a comfortable pace for 3 m, and

walk back to the chair and sit down. The time to complete the TUG was recorded.

The FRAAn session always preceded the research-led session. The association

between measurement of fall risk by system (center of mass postural sway area,

completion time of 4SQT and 5STS, as well as center of mass acceleration

parameters during movement transition) and the BBS/TUG scores were used to

determine the validity of FRAAn.

Sample measurements of center of mass sway in various balance tests are shown

in Fig. 6.4. As expected, the postural sway amplitude increased when visual was

occluded and when the base of support was reduced. Additionally, the BBS score

(range 28�56), TUG completion time (range 7.76�36.91 seconds), sway measure-

ment and completion time of 5STS were strongly correlated (Table 6.1). These

results indicate that the systems measurement of balance and movement is valid.

The demographic and fall history information collected through FRAAn were also

verified with participants’ written responses.

Regarding the completion of each automated test condition, all of the participants

were able to complete the 30 seconds standing with- and without-vision and

Figure 6.4 Sample postural sway trace from a representative participant (69 years old,

female). (A) In eyes open (EO) and eyes closed (EC) condition; (B) in semitandem, tandem

and single-leg condition.

Table 6.1 Correlation between measurement scores

Spearman Rho TUG BBS FRAAn sway area

5STS 0.90, P, .01 20.82, P, .01 0.68, P5 .03

TUG � 20.96, P, .01 0.61, P5 .04

BBS � � 20.76, P, .01
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Semi-Tandem condition. Four participants were unable to complete the tandem

condition, seven participants did not complete the single-leg standing condition (four

participants opted not to attempt the exercise, and three unable to complete it), one

participant was unable to complete the 5STS test, and two participants were unable to

complete the 4SQT test. No adverse events were reported.

User feedback and system refinement

After individuals underwent the automated fall risk assessment, user experience

feedback was collected using the SUS (Brooke, 1996). Participants provided

feedback on the interface, instruction, demonstration, task complexity, system inte-

gration, as well as potential barriers to implementing the technology.

Overall, participants provided positive feedback on the ease of use of the system,

the clearness of visual demonstration and verbal instruction. For instance, one

65-year-old female reported that Instructions were easy to follow and tests were not

difficult. Eleven of the twelve participants reported interest in using the FRAAn

system on a regular basis, were able to follow the instructions provided by FRAAn,

and confident to initiate fall screening assessment themselves after a brief tutorial.

For instance, a 73-year-old female participant reported that I needed someone to

explain how to use it, then I was comfortable using it.

Several modifications were implemented during the design process and initial

testing. Specifically, the initial system utilized a synthetic voice for verbal instruc-

tions and was replaced with human voice with a natural pace to maximize compre-

hension. During initially testing, participants reported confusion with understanding

the 4SQT task demonstration—there was confusion on whether they should step

forward or backward, and whether they should mirror the figure or step to their own

left or right. Consequently, the visual demonstration of the 4SQT was altered from a

3D mirror-view to a 2D bird-eye’s view (Fig. 6.5).

Figure 6.5 Refinement of FRAAn demonstration display for the 4SQT test.
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Discussion

Technology-based fall screening and prevention tools have the potential to increase

effectiveness of current healthcare practice without increasing the delivery costs.

A novel self-initiated, affordable, automated fall risk assessment system was devel-

oped by our research team. It facilitates identification of fall risk factors that could

allow for individualized fall prevention intervention. Furthermore, this affordable

and portable system allows objective assessment to be conducted more regularly

compared to clinic/laboratory based assessment.

Unlike most of the other existing technology for fall screening, this system is

designed to be used by community-dwelling older adults. The FRAAn system enables

objective assessment of static and dynamic balance, stepping, and Sit-to-Stand transi-

tion in a fully autonomous manner. In order to ensure safety and maximize the effec-

tiveness of assessment, the system offers tests that are progressively designed and

tailored to the ability of individual senior.

Preliminary results confirm the increase of postural sway in sensory removal and

reduced base of support conditions. The sway measurement by FRAAn was also

strongly correlated to validated clinical tests (TUG/BBS). These findings help

validate FRAAn as a tool for balance/mobility screening. Initial user feedback con-

firms that seniors were comfortable using the system and confident in their ability

to initiate the fall screening assessment themselves after a brief tutorial. It is worth

noting that in the ongoing investigation, research personnel were present to offer

fall protection during the “automated” assessment, and several participants

with limited mobility required supervision to complete the assessments. Therefore,

further research to determine proper safety measures for an unsupervised assess-

ment is warranted.

Future directions

Given that numerous outcomes have been identified as fall risk factors, including a

history of falls, muscle weakness, poor balance and gait, visual impairment, hearing

loss, environmental risk factors, impaired cognition, psychoactive and multiple drug

use, a comprehensive multifactorial approach is needed for fall risk screening.

Thus, the next step of the current system is to integrate functions/tests that evaluate

cognition (i.e., attention/executive control), functional mobility (i.e., TUG, Figure-8

walking), vision, hearing, and cognitive-motor interference. Additionally, question-

naires about drug use, comprehensive health history, fear of falling, and other psy-

chometrics could be added as part of the fall screening. A composite fall risk index,

detailed breakdown of each assessment, and recommendations for maintaining or

improving their performance will be provided. The voice recognition function could

be improved to enhance user comprehension and acceptance of the system, thus

enabling FRAAn to interact more fully with older adults.
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It is important to note that this system is designed to serve as a triage tool to

better implement fall risk screening among older adults on a regular basis.

Therefore, not all risk factors of falls (i.e., blood pressure, glucose test, vestibular

function, etc.) need to be evaluated in this system, and should be further evaluated

by physicians. And given the typical time allocation in a primary care office visit

(B15 minutes) (Tai-Seale, McGuire, & Zhang, 2007), we envision to further

optimize screening tasks and procedure so that the assessment can be completed

within the time limit.

The finalized automated fall risk assessment system can be implemented in a

primary care facility as an assistance device for clinicians, or in a community

setting (i.e., senior residence center, public health screening events, etc.). If

performed outside a healthcare setting, additional guidelines for interpreting

results, intervention planning, and physician referral should be added. HIPPA

compliance and proper procedure for patient’s information sharing should also be

investigated.
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Introduction

As the population and proportion of older adults continues to increase worldwide,

with a projected estimate of approximately 2 billion people living until age 60 or

over in 2050 (Doyle, Bailey, Scanaill, & van den Berg, 2014), the need to address

the shortage of healthcare personnel (Hanson, Takahashi, & Pecina, 2013), the

problem of caregiver burden (Pinquart & Sörensen, 2003a), and rising healthcare

costs (Hanson et al., 2013) is becoming more and more pressing.

While 3.2% of older adults in the United States live in institutional settings such

as nursing homes, many older adults (29%) live alone (Administration on Aging,

2015). Living alone is often challenging for older adults, however in-home technol-

ogies aimed at improving the well-being of older adults may help. In-home technol-

ogies typically collect and share older adults’ information with family members, as

well as care providers (Courtney, Demeris, Rantz, & Skubic, 2008). They address

common healthcare issues facing older adults, such as the shortage of healthcare

personnel (Hanson et al., 2013), caregiver burden (Pinquart & Sörensen, 2003a),

and rising healthcare costs (Hanson et al., 2013). Researchers have studied older

adults and other relevant users such as home care workers’ and relatives of older

adults’ experiences with a variety of in-home healthcare technologies and found

that these technologies could support cooperative home care, and had a positive

impact on both older adults and their care network members (Bossen, Christensen,

Grönvall, & Vestergaard, 2013; Consolvo, Roessler, & Shelton, 2004; Cornejo,

Tentori, & Favela, 2013; Leonardi, Albertini, Pianesi, & Zancanaro, 2010).

However, much of this research has been conducted with high-socioeconomic

older adults who have more resources in terms of care (Adler & Newman, 2002).

On the other hand, we know less about low-socioeconomic status (SES) older

adults’ in-home care needs and resources. SES is measured by several indicators,

including income, occupation, personal wealth, and education level. Besides the

obvious relationship between these factors and overall resources, income and educa-

tion level are also related to physiological impairments (Coppin et al., 2006). Taken
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together, the lack of overall resources and the increased incidence of physiological

impairments means that this group of older adults is more vulnerable. Moreover,

low-SES older adults have fewer opportunities for formal and informal care. Low-

SES older adults are less able to afford formal caregivers (Andrews & Boyle,

2008). Many low-SES older adults do not have ready access to informal family

caregivers since their family members often move away in search of economic

opportunities, or have limited time due to jobs and taking care of their own children

(White, Singh, Caine, & Connelly, 2015). However, many low-SES older adults

have a rich network of fellow older adults within their community (White et al.,

2015). Therefore, one underexplored opportunity is the potential to engage this net-

work of community-dwelling older adults in peer-care.

Inspired by this opportunity, we developed a suite of peer-to-peer healthcare

technologies to enable older adults to provide care for each other (Arreola et al.,

2014). These technologies include the Activity Clock, Community Window, Check-

In Tree (Arreola et al., 2014), and Trip Coordinator. See “SOLACE in-home

PeerCare technologies for urban low-SES older adults” section for a complete

description of these technologies.

One concern with any technology solution that incorporates sensing and monitor-

ing technology, such as the suite we designed, is privacy. Some researchers take the

stance that privacy issues are a nonnegligible barrier to the long-term success of in-

home healthcare systems (Hong & Landay, 2004). Some evidence supports this

stance: Though these technologies offer many advantages, findings from one study

indicate that privacy concerns outweigh the potential benefits brought by home-

based technologies (Cook, Augusto, & Jakkula, 2009), while other research sug-

gests that older adults see simultaneous benefits and concerns of such technologies

(Caine, Fisk, & Rogers, 2006).

Early on, we identified privacy as a key design goal. To mitigate privacy con-

cerns, we developed the “DigiSwitch” (Caine et al., 2010) which puts users in con-

trol of all data gathered about them in their home. DigiSwitch is designed to be

used with home-based health technologies, although is relevant and applicable to

any Internet of Things devices, and we modified it to be used with the four technol-

ogies in our study. Using DigiSwitch, users are able to manage their privacy by see-

ing what information is being collected about them, controlling who it is shared

with, and ceasing data transmission at any time.

In the study, we let older adults use the suite of technologies in their home for 8

weeks, conducted weekly surveys that measured loneliness, quality of life, social

support, perceived burden, privacy perception, usability, and satisfaction of the four

in-home health technologies to gain insight in participants’ perceptions while using

these technologies. We also studied the impact of DigiSwitch on perceived privacy.

Specifically, we sought to answer the following research question:

� How does the peer-care suite impact low-SES older adults’ experiences, including quality

of life, loneliness, peer-care burden, interpersonal support, satisfaction and usability of

technologies, and privacy perception?

With regards to the research question, we have the following hypotheses:
� H1—The peer-care suite will reduce loneliness over time.
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� H2—The peer-care suite will enhance older adults’ sense of interpersonal support.
� H3—The peer-care suite will increase perceived peer-care burden.
� H4—The peer-care suite will increase older adults’ perceived quality of life.
� H5—The older adults’ overall satisfaction of using the peer-care suite will increase over

time.
� H6—Older adults who use DigiSwitch will be more concerned with privacy than those

who did not use DigiSwitch.

Related work

Previous in-home technologies for older adults

Home-based living assistance technologies, which are quickly gaining interest as

attractive caregiving interventions (Lorenzen-Huber, Boutain, Camp, Shankar, &

Connelly, 2011) are cost-effective (Hanson et al., 2013) and match older adults’

preferences to receive care in either their homes or in assisted living communities

(Hanson et al., 2013). There are six categories of in-home technologies:

Physiological monitoring (collecting and analyzing physiological indicators such as

pulse or blood pressure), functional monitoring and emergency detection (collecting

and analyzing the activity level, motion, or diet etc.), safety monitoring and assis-

tance (detecting gas leak or fire etc.), security monitoring and assistance (detecting

intruders), social interaction monitoring and assistance (facilitating social interac-

tion) and, cognitive and sensory assistance such as medication reminders etc.

(Demiris & Hensel, 2008).

The primary focus of our work was on functional monitoring, emergency detec-

tion, social interaction monitoring, and assistance. The gator tech smart house

developed by researchers from University of Florida is a good example that

involves both categories. It aims to provide assistive environments for disabled and

older adults by installing multiple sensors in the house. For example, smart bed,

smart floor, and ultrasonic location track users’ activity and location. Users can also

use the social-distant dining module installed in the breakfast area to have immer-

sive video and audio calls with distant family and friends (Helal et al., 2005).

The Georgia Tech Aware Home is another example that deploys multiple aging

support technologies, including motion and activity detection, and social interaction

assistance. The smart floor, RFID room location system, and optical sensors are

used to detect users’ location and activity. The Digital Family Portrait is used to

support communications between family members, which shows the family mem-

ber’s photo and the sensing data from their home (Abowd, Bobick, Essa, Mynatt, &

Rogers, 2002; Kidd et al., 1999; Kientz et al., 2008). Researchers at the Aware

Home also focused on preserving the privacy of older adults (e.g., Caine et al.,

2006; Caine, Fisk, & Rogers, 2007; Caine, Rogers, & Fisk, 2005).

Other technologies in functional monitoring and emergency detection category

include Health Integrated Smart Home Information System that monitors users’

activity through location sensors installed in each room of users’ home (Demongeot
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et al., 2002), and the Tiger Place where proximity sensors and displacement sensors

are deployed to detect users’ motion (Demiris et al., 2006).

Within the social interaction monitoring and assistance category, the CareNet

Display was an early work in providing support to informal caregivers of older

adults living on their own. It used an interactive digital picture frame to help people

in an older adult’s care network to coordinate care-related activities through dis-

playing photos of older adults with information about their daily lives. The amount

of stress the caregivers felt about caregiving reduced, while the quality of older

adults’ lives and care for them was improved (Consolvo et al., 2004).

Tlatoque, a situated display, provides older adults’ information being shared by

their relatives in a social network site (Facebook). Older adults were able to

exchange ideas and share thoughts about information relatives posted. The results

showed older adults learning about their relatives’ lives and which made them more

independent. Similarly, relatives gained awareness of the older adults’ lives

(Cornejo et al., 2013).

A tabletop device named MobiTable was introduced to assist older adults to

communicate with their social network. It is a gestural touch-based interface

embedded in a movable device that shared multimedia user-generated contents

within the community (Leonardi et al., 2010).

Low-SES urban-dwelling older adults and PeerCare

Technology to support low-SES older adults is under researched, despite the fact

that residents of low-SES neighborhoods have higher incidence of multiple pro-

blems, e.g., physical function loss, than their high-SES counterparts (Balfour &

Kaplan, 2002). Moreover, many low-SES older adults living in urban areas are not

able to afford formal caregivers or assisted living facilities (Andrews & Boyle,

2008). Adjusting to this limitation, many low-SES older adults rely heavily on their

peer-group for their needs (Arreola et al., 2014). Therefore, a peer-to-peer model

where older adults provide care for each other, instead of the caregiver-to-older

adult model, may better serve this user group (Arreola et al., 2014). Reciprocal

peer-to-peer support relationship, where older adults within a community develop

small social networks that include social and care exchanges, has been termed

“PeerCare,” (Riche & Mackay, 2010). In the SOLACE model for low-SES older

adults, we further incorporate four different peer-care technologies into a suite, to

facilitate their lives from different perspectives, e.g., remote check-in, social inter-

action, or trip resource pooling.

SOLACE in-home PeerCare technologies for urban low-SES
older adults

Based on the SOLACE model, we developed four technologies to address the indi-

vidual needs for independent living in low-SES communities (Arreola et al., 2014).
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Activity Clock

Challenges associated with independent living include healthcare problems/risks,

caregiver burden, and small social networks (Demiris et al., 2004; Doyle, Skrba,

McDonnell, & Arent, 2010). Older adults are afflicted by a range of health condi-

tions, including falls, visual/hearing impairments, immobility and isolation (Demiris

et al., 2004). Problems such as immobility are addressed with the Activity Clock

(Fig. 7.1), which detects the older adult’s motion and measures their level of activ-

ity. There are 48 lights on the face of the clock. Each one represents a 15-minute

block of time. Brightly lit LED lights represent high levels of physical activity,

including cleaning or doing exercise, while dim or dark LED lights represent low

levels, e.g., watching television, or inactivity. Caregivers, who are older adults in

the same community, can access activity logs on a tablet using the “Activity

Monitor” application, and are given the option of representing the data in graphical

form. The activity monitor interface in Fig. 7.2 shows the data from older adults’

Figure 7.1 Activity clock. A technology that detects the older adult’s motion and measures

their level of activity.

Figure 7.2 Activity monitor that shows the older adult’s activity data from activity clock.
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clocks for the morning and evening. Activity data is transmitted from the clock to

the app every 15 minutes. Older adults can compare their activity levels to the rest

of the group.

Check-In Tree

About a third of older adults experience some form of limited mobility, and thirty

percent are at risk for experiencing social isolation (Demiris et al., 2004). The

Check-In Tree is another technology that addresses the problem of falls or getting

ill. For example, if someone does not check-in, his or her peer group can make sure

this person is okay by phoning him or her. Moreover, it reduces social isolation by

encouraging peers to check-in on each other. The tree in Fig. 7.3 connects older

adults and seven peers. It has two basic parts: Picture frames with LEDs, and a but-

ton on the base of the tree. Every older adult in the network has an identical tree

with a photo of each person in the network (including themselves). In the middle of

the night, the LED shining on each picture starts to slowly pulse. When an older

adult wakes up, they check-in with their peers by pressing the button on their tree,

which makes the light shining on their picture on all of the tress go from pulsing to

constantly on. Whenever an older adult looks at their tree, they can quickly assess

who has checked-in for the day based on whose light is still pulsing. Depending on

their knowledge of each of their friends, they can call someone who has not

checked-in by their normal time to make sure they are ok. In this way, older adults

Figure 7.3 Check-in tree. A technology that older adults can check-in on their peers.
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care for each other and make sure nothing has happened to them in the middle of

the night, such as falling or becoming ill.

Community Window

Social connectedness plays an important role in older adults’ well-being (Ashida &

Heaney, 2008; Gardner, 2011; Haslam et al., 2008), and has a positive effect on

physical and mental health (Cornwell, Laumann, & Schumm, 2008). Social con-

nectedness can be enhanced with two easy-to-use technologies: The Community

Window and the Trip Coordinator.

By using Community Window (Fig. 7.4), older adults are able to video call other

members of their peer group. After opening the Community Window application on

their tablet, besides their own window, they will see three more windows that show

recent pictures from the cameras of three of their peers. The camera takes a picture

every minute and sends it to the community window neighbors. Users have the

option to protect their privacy by pressing the close button and putting a curtain

over their own window. They can make a video call by tapping the “Call” button

next to the picture of the person they wish to contact. A box that gives the option

of accepting or declining a call appears to participants who are contacted by a peer

requesting a video call (Fig. 7.5).

Trip Coordinator

Rural older adults often have difficulty making trips (either local trips, such as to

the grocery store, or more remote trips, such as to a medical facility in the nearest

metropolitan area) (Black, Dobbs, & Young, 2015; Heinz et al., 2013). Barriers can

include no longer being allowed to drive due to a mental or physical impairment,

not having the physical strength to drive for long periods, and not having the

Figure 7.4 Community window. A technology enables older adults to make video calling

with other members of their peer group.
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financial resources to maintain a car. The trip coordinator assists older adults in

pooling their resources (i.e., vehicles, driving time, and money for fuel) to make

trips. A magnet board detailing a calendar for the current and following weeks is

used to indicate trips older adults would like to make and resources they can provide

(Fig. 7.6). A user moves a magnet that illustrates an activity to a date on the calen-

dar in order to plan a trip. The 12 magnets are divided into two types: Places and

resources, including restaurants, cafés, museums, senior centers, doctors, churches,

shopping, parks, groceries, theaters, pharmacies, and gyms. After adding the activity

magnet to the system, users will see the trip appear on the app (Fig. 7.7). Other users

in the peer group are then informed of the trip and can choose to accompany their

peer on the trip. Once the trip is confirmed, a printout detailing the location and date

of the trip, all trip-goers, and the contact information of the trip planner is provided.

In addition, users can place a special organizer magnet next to the trip and the app

assistant will contact them to help them plan the trip.

Both of these technologies encourage social interaction to address the problem

of declining social relationships—an issue that affects isolated older adults and is

associated with notable health risks (Doyle et al., 2010).

Further research is needed to investigate low-SES older adults’ experience on

using these technologies through in-home evaluation.

Privacy concerns and “DigiSwitch”

The technologies described earlier provide benefits to older adults, but may also

introduce privacy concerns (Caine et al., 2006). Since the home is a place which

has a relatively high privacy level, privacy becomes a significant consideration

when older adults use in-home technologies. After data is collected from in-home

sensors, it is transmitted via the Internet, which may cause a potential threat to the

Figure 7.5 Community window call, that gives the option of accepting or declining a call

from the peer.
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Figure 7.6 Trip coordinator. A magnet board detailing a calendar for the current and

following weeks is used to indicate trips older adults would like to make and resources they

can provide.

Figure 7.7 Plan a trip on trip coordinator.
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security and privacy of users (Meingast, Roosta, & Sastry, 2006). Moreover, some

in-home technologies, like small sensors installed in the corner of a user’s home,

are hardly visible to users. Users may find it difficult to access and control the

computational processing and environmental sensing functions of these kinds of

technologies (Edwards & Grinter, 2001; Langheinrich, 2002). Therefore, it is very

important to understand the impacts on perceived privacy when deploying in-home

technologies for older adults.

A health informatics technology, DigiSwitch, was originally designed for higher-

SES older adults to manage their privacy with home-based technologies (Caine

et al., 2010). It allows users to see what information the technology is collecting,

control whether the information is being shared with others, and cease data trans-

mission at any time.

Users are able to check the status of each home health monitoring device in their

home and turn them on and off (Fig. 7.8). Fig. 7.9 is the caregiver’s view, which

allows the user to see exactly what their caregiver is seeing, to provide data aware-

ness (Caine et al., 2011).

In this project, we adapted DigiSwitch to the four SOLACE technologies as a

privacy control apparatus to allow participants to control which peers in their peer

network could view their information (Fig. 7.10). Participants could select a tech-

nology, such as the Community Window for example, by clicking on the respective

icon. Next, a screen displaying a “Play All” button in column 1, a “Stop All” button

in column 2, and a “Pause All” button in column 3, would appear alongside pictures

of peers located in the far-right column. The participant could then drag each peer

to the desired column. Column 1 represents peers who can view the participant’s

activity. Column 2 represents peers who cannot view the participant’s activity.

Column 3 represents peers who view fake data and no real activity. This way, parti-

cipants can control which peers can view (or not view) their activity for each tech-

nology. The Activity Monitor, the Check-in Tree, and the Community Window are

all equipped with this functionality. For the Trip Coordinator, participants choose

which peers they would or would not like to go on a trip with by dragging peers to

respective columns.

Figure 7.8 Original main screen of DigiSwitch.
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Figure 7.9 Original caregiver’s view screen of DigiSwitch.

Figure 7.10 Adapted DigiSwitch.
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Methods

We conducted an in-situ experiment with 16 participants over a period of 8 weeks

to determine the effects of using the adapted DigiSwitch with peer-to-peer, in-home

technologies.

Participants

We recruited 16 low-SES older adults aged 65 and older from an urban community

in Indiana. Three participants were male and 13 were female. Most participants

were female (81.2%) for two reasons: (1) It is representative of the population (i.e.,

the majority of older adults are women) (U.S. Census Bureau, 2017) and (2) the

percentage of older women living alone is almost twice the percentage of men liv-

ing alone (32% and 18% respectively Stepler, 2016). We recruited participants

through advertisements at a local community center. Participants were compensated

$200 for participating in the study. Of the sixteen older adults that participated in

this study, we eliminated one participant from data analysis due to frequent inci-

dences of nonresponse.

SOLACE technology prototypes and DigiSwitch apparatus

The four technologies described earlier form a suite designed to address the needs

of the urban, low-income population of older adults. In addition to the suite of four

technologies, eight participants were randomly assigned to receive the DigiSwitch,

while the remaining eight participants did not. The presence or absence of the

DigiSwitch functioned as an independent variable that manipulated privacy control.

Participants were divided into peer groups throughout the study. All sixteen partici-

pants shared the Trip Coordinator. Eight participants with DigiSwitch shared a

Check-in Tree, and eight without DigiSwitch shared another tree, then these two

groups were further divided into groups of four for the Community Window. The

Activity Clock is a self-reflection technology that only has one user.

Questionnaires

We administered both prestudy, weekly, and poststudy questionnaires. However,

due to low-response rates, we did not include posttest data in our analysis. The

Suite Questionnaire and Custom Privacy Index With(out) DigiSwitch were adminis-

tered only at the conclusion of the deployment of the technologies because these

questionnaires were designed to collect data once participants had experience with

the technology suite and DigiSwitch. Weekly questionnaires were designed to mea-

sure usability of, and satisfaction with, the technology, privacy perception for

DigiSwitch versus non-DigiSwitch users, feelings of social connectedness (interper-

sonal support), mental health and wellness (i.e., loneliness, quality of life), and

peer-care burden.
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Suite Questionnaire

We designed the Suite Questionnaire specifically for this study to examine partici-

pants’ overall satisfaction with, and usability of, the technologies. Questions

included: “Using the suite would give me more peace of mind,” “Using the suite

would be something I could rely on,” and “Using the suite would be hard to learn

how to use.” Participants rated their responses on a scale from 1 (Strongly disagree)

to 5 (Strongly agree), where the higher score means more usable and satisfying.

Negatively-framed items were reverse coded, e.g., “Using the suite would be hard

to learn how to use.”

Custom Privacy Index With and Without DigiSwitch

We also created a privacy questionnaire specifically for this study. It focused on the

privacy concerns of the participants with respect to each SOLACE technology. We

used two different surveys based on whether or not the participant had DigiSwitch

or not. A few of the questions varied slightly to accommodate this difference. For

instance, a participant who had DigiSwitch would be asked: “I am more likely to

use the trip coordinator because I can pick which user I want to go on a trip with,”

while a participant who does not have DigiSwitch would be asked “I would be

more likely to use the trip coordinator if I could pick which user I want to go on a

trip with.” Participants rated their response on a scale from 1 (Strongly disagree) to

5 (Strongly agree), where a higher score indicates a higher privacy concern.

The World Health Organization (WHO) Quality of Life—BREF

We measured quality of life using a 12-question scale (World Health Organization,

2012). For example, “I have the freedom to make my own decisions,” and “I am

able to do things I like to do.” Participants responded with their agreement to each

item on a scale from 1 (Not at all true for me) to 5 (Very true for me), where a

higher score indicates better life quality.

Interpersonal Support Evaluation List (ISEL)—Short Form

We measured interpersonal support using a modified 15 item version of the original

40 item scale (Cohen, Mermelstein, Kamarck, & Hoberman, 1985). Participants

gave their responses on a range of 1 (Completely false) to 4 (Completely true),

where a higher score indicates higher levels of social support. This scale was scored

by splitting the items into three different groups. Items 1�5 were used as a compos-

ite score to measure Tangible Support. These items contained questions like: “If

I needed help moving, I would be able to find someone to help me.” Items 6�10

were used to measure Appraisal Support with statements such as: “There is at least

one person I know whose advice I really trust.” Items 11�15 were used to measure

Belonging Support with statements like: “When I feel lonely, there are several

people I could talk to.”
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UCLA-R subscale

We measured loneliness this three-question subscale derived from the original

UCLA-R scale (Hughes, Waite, Hawkley, & Cacioppo, 2004). Participants rated

how often they felt they lacked companionship, felt left out, and felt isolated from

others on a scale from 1 (Hardly ever) to 3 (Often), where a higher score indicates

higher loneliness.

Zarit Burden Short Form

Participants functioned as caregivers for their peers in a peer-to-peer network

through the SOLACE technologies. For example, if a participant noticed that a peer

had not checked-in (as indicated by a pulsing green light above the peer’s photo-

graph), the participant could call to confirm the peer’s safety. Because of this, we

measured caregiver burden using the 12-question scale (Bédard et al., 2001). It

included questions such as: “Because of the time I spend providing care for older

adults in my community, I don’t have enough time for myself.” Participants rated

their responses on a scale from 1 (Never) to 5 (Nearly always), where a higher

score indicates a higher level of burden.

Procedure

After receiving IRB approval and participant consent, we conducted an in-situ study

where researchers installed all SOLACE prototypes in participants’ homes. After

the technology was installed, participants received training on each technology, and

were given an instructional manual that explained how to use each technology.

Participants passed a competency test before training was considered complete.

Training lasted around an hour.

Upon successfully passing the technology competency test, participants were

interviewed and completed prestudy questionnaires. Beginning the following week,

participants were given six questionnaires that were administered weekly over the

phone for 8 weeks. Calls were conducted according to a phone script that was iden-

tical for all the participants. Researchers inquired about participants’ difficulties

with the technologies at the end of each call. Participants were given copies of the

scales that detailed the response choices on each questionnaire so they could see

the possible responses while they answered over the phone.

Results

We created a linear mixed-effect model that included the between-subject variable

“(with/without) DigiSwitch” and the within-subject variable “Time (weeks).” To

analyze loneliness, interpersonal support, burden, and quality of life more accu-

rately, we recoded the “time (weeks)” variable to two time variables “Suite inter-

vention” and “Time.” For “Suite intervention,” the preweek was coded as 0, and
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week 1�8 were 1, so that we could see the difference before and after technologies

were introduced. For “Time,” we were able to see how these technologies affect

users’ experience over time by coding the preweek and week 1 as 0, and week 2�8

as 1.

In Tables 7.1�7.4, the variable “DigiSwitch” shows the differences between

Non-DigiSwitch and DigiSwitch before the suite’s intervention. The variable “Suite

intervention” shows the effect after using the technologies for users who did not

use DigiSwitch. Combining this with “DigiSwitch�Suite intervention,” we could

measure the difference between Non-DigiSwitch and DigiSwitch with the interven-

tion. Similarly, combining the variables “Time” and “DigiSwitch�Time,” we could

measure the differences between Non-DigiSwitch and DigiSwitch as the weeks

progress.

In Tables 7.5 and 7.6, the variable “DigiSwitch” shows the difference between

Non-DigiSwitch and DigiSwitch. The variable “Time” shows the difference

between users’ satisfaction about the technologies and the privacy perception over

the 8 weeks. The interaction “DigiSwitch�Time” is not significant.

We will explain the results individually in the following paragraphs.

Table 7.1 Loneliness result summary: coefficient estimates, stan-
dard errors SE, t-score, and significance level P for all para-
meters in the analysis

Parameters Coef. SE df t P

Intercept 1.24 0.16 85 7.89 ,.001

DigiSwitch 20.03 0.21 13 20.14 ..05

Suite Intervention 0.30 0.13 85 2.26 ,.05

Time 20.06 0.02 85 22.83 ,.01

DigiSwitch�Suite Intervention 20.37 0.18 85 22.04 ,.05

DigiSwitch�Time 0.04 0.03 85 1.42 ..05

Table 7.2 Interpersonal support result summary: coefficient esti-
mates, standard errors SE, t-score, and significance level P for
all parameters in the analysis

Parameters Coef. SE df t P

Intercept 3.68 0.12 85 31.96 ,.001

DigiSwitch 0.05 0.16 13 0.30 ..05

Suite Intervention 20.12 0.11 85 21.09 ..05

Time 0.00 0.02 85 0.02 ..05

DigiSwitch�Suite Intervention 0.19 0.15 85 1.33 ..05

DigiSwitch�Time 0.00 0.02 85 0.03 ..05
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Table 7.3 Peer-care burden result summary: coefficient estimates,
standard errors SE, t-score, and significance level P for all para-
meters in the analysis

Parameters Coef. SE df t P

Intercept 1.35 0.17 85 7.94 ,.001

DigiSwitch 0.33 0.23 13 1.44 ..05

Suite Intervention 0.13 0.15 85 0.87 ..05

Time 20.03 0.02 85 21.50 ..05

DigiSwitch�Suite Intervention 20.34 0.20 85 21.68 ..05

DigiSwitch�Time 0.01 0.03 85 0.17 ..05

Table 7.4 Quality of life result summary: coefficient estimates,
standard errors SE, t-score, and significance level P for all para-
meters in the analysis

Parameters Coef. SE df t P

Intercept 4.51 0.20 85 22.41 ,.001

DigiSwitch 0.27 0.28 13 0.97 ..05

Suite Intervention 20.16 0.13 85 21.25 ..05

Time 0.06 0.02 85 3.27 , .01

DigiSwitch�Suite Intervention 0.04 0.17 85 0.23 ..05

DigiSwitch�Time 20.04 0.03 85 21.68 ..05

Table 7.5 Suite satisfaction and usability result summary: coeffi-
cient estimates, standard errors SE, t-score, and significance
level P for all parameters in the analysis

Parameters Coef. SE df t P

Intercept 3.11 0.20 72 15.73 ,.001

DigiSwitch 0.07 0.27 13 0.26 ..05

Time 0.02 0.03 72 0.51 ..05

DigiSwitch�Time 20.02 0.05 72 20.43 ..05

Table 7.6 Privacy perception result summary: coefficient esti-
mates, standard errors SE, t-score, and significance level P for
all parameters in the analysis

Parameters Coef. SE df t P

Intercept 3.38 0.23 72 14.59 ,.001

DigiSwitch 20.13 0.32 13 20.40 ..05

Time 0.02 0.04 72 0.34 ..05

DigiSwitch�Time 20.03 0.06 72 20.53 ..05



Loneliness

The model shows that the peer-care suite intervention, time, and the interaction

between DigiSwitch and technologies intervention have a significant effect on older

adults’ perceived loneliness. From Table 7.1 and Fig. 7.11, we see that when the

technologies are introduced, the group without DigiSwitch shows a peak in loneli-

ness, and the perceived loneliness of people using DigiSwitch is significantly lower

than those not using DigiSwitch, b520.37, t(85)522.04, P, .05. Specifically,

the effect for people who do not use DigiSwitch is an increase of 0.30 after using

the technologies, while the effect for people who do use DigiSwitch is a decrease

of 0.07.

As weeks progress, the perceived loneliness for people who do not use

DigiSwitch decreases 0.057 per week, b520.06, t(85)522.83, P, .01. Though

the perceived loneliness for people who use DigiSwitch decreases slightly, it did

not change significantly.

Interpersonal support

From Fig. 7.12, we see that the mean scores for interpersonal support of the

DigiSwitch group and non-DigiSwitch group are similar at the beginning of

the study. Then, the mean scores for non-DigiSwitch users go down slightly while

the mean scores for DigiSwitch users stay approximately the same. However, the

model shows that neither the DigiSwitch, the technologies intervention, nor time

have a significant effect on interpersonal support (Table 7.2). Note however that

interpersonal support begins and remains at ceiling, limiting our ability to discover

changes.

Figure 7.11 Mean scores of loneliness from preweek to week 8.
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Peer-care burden

From Fig. 7.13, we see that the two lines for with and without DigiSwitch inter-

twine, and are nearly horizontal. There is no major difference between with and

without DigiSwitch users, which means the DigiSwitch does not increase peer-care-

giver’s burden. On the other hand, technologies intervention and weeks progress do

not have significant effects on perceived burden, which means there is no additional

burden when older adults provide peer-care (Table 7.3). The results are reconfirmed

in Table 7.1, that none of the variables had a significant effect. Similar to interper-

sonal support, the remaining floor effect of perceived burden also places restrictions

to find changes.

Figure 7.12 Mean scores of interpersonal support from preweek to week 8.

Figure 7.13 Mean scores of peer-care burden from preweek to week 8.
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Quality of life

The time has a significant effect on life quality for older adults who do not use

DigiSwitch, b5 0.06, t (85)5 3.27, P, .01. This means that the life quality of par-

ticipants who did not use DigiSwitch increases significantly over time. In contrast,

from both Table 7.4 and Fig. 7.14, the life quality of older adults using DigiSwitch

does not change much, seeing as the dotted line is almost horizontal. In addition,

there is no significant difference before and after the peer-care suite gets intro-

duced. Again, a ceiling effect appears here.

Overall satisfaction and the usability of the peer-care suite

The Suite Questionnaire was administered only after the suite was installed, and is

therefore analyzed from week 1 to week 8. From Table 7.5 and Fig. 7.15, partici-

pants’ overall satisfaction with the technologies and their perceptions of the usabil-

ity of the technology suite does not increase or decrease from week 1 to 8 and is

similar for users with and without DigiSwitch, which means adding DigiSwitch

does not worsen the user experience, and long-term usage of the technologies does

not make users feel more unsatisfied.

Privacy perception

We also conducted the privacy perception questionnaire (Custom Privacy Index

With and Without DigiSwitch) from week 1 to 8. As the model shows (Table 7.6),

DigiSwitch and time do not significantly influence older adults’ privacy perception,

but non-DigiSwitch users have higher privacy concern than DigiSwitch users from

Fig. 7.16.

Figure 7.14 Mean scores of quality of life from preweek to week 8.
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Discussion

Participants’ levels of loneliness, interpersonal support, peer-care burden, quality of

life, satisfaction with the technology suite, and privacy were measured over an

8-week period. We aimed to see how participants’ perceptions of the technologies

changed over time and if significant differences were found between DigiSwitch

users versus non-DigiSwitch users.

Reviewing the hypotheses, we find that:

� H1—Mixed Support. Overall, the peer-care suite reduces loneliness over time. For older

adults who did not use DigiSwitch, their perceived loneliness decreases significantly,

while it does not decrease much for those who used DigiSwitch. Therefore, we find mixed

evidence for H1.

Figure 7.15 Mean scores of suite satisfaction and usability from week 1 to 8.

Figure 7.16 Mean scores of privacy perception from week 1 to 8.
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� H2—Reject. The peer-care suite enhances older adults’ interpersonal support over time.

For both DigiSwitch users and non-DigiSwitch users, perceived interpersonal support is

not enhanced over time. Therefore, we reject H2, but note a ceiling effect.
� H3—Reject. Overall, the peer-care suite increases the perceived peer-care burden over

time. Neither of the DigiSwitch and time has an effect on peer-care burden. Therefore, we

reject H3, but note a floor effect.
� H4—Mixed Support. Overall, the peer-care suite increases older adults’ perceived qual-

ity of life over time. For older adults who did not use DigiSwitch, their quality of life

increases significantly over time, but it is not true for those who used DigiSwitch. Note

that their quality of life does not decrease over time. Therefore, we find mixed evidence

for H4, and note a ceiling effect.
� H5—Reject. The users’ overall satisfaction of using the peer-care suite increases over

time. From week 1 to 8, there is no significant difference of older adults’ feelings about

the technologies suite between using DigiSwitch or not. Therefore, we reject H5.
� H6—Reject. Older adults who used DigiSwitch are more concerned with privacy than

those who did not use DigiSwitch. From week 1 to 8, there is no significant difference of

older adults’ privacy concern between participant who used DigiSwitch or not. Therefore,

we reject H6.

Loneliness

Participants in this study reported they hardly ever felt lonely. This is different

from many studies of older adults where participants report feeling lonely some-

times or often (Holmén, Ericsson, & Winblad, 1999; Weeks, 1994). Because the

participants in this study were hardly ever lonely, we were limited in our ability to

investigate the impact of the suite on loneliness.

When we investigated this effect, we found that older adults who did not use

DigiSwitch had a small spike in loneliness immediately after the suite was installed,

but then it leveled off in week 2. Those with the DigiSwitch reported a fairly

stable level of (lack of) loneliness throughout the study.

Overall, our result indicates the peer-care suite decreases loneliness over time

for older adults who did not use DigiSwitch, which casts doubt on previous research

suggesting that in-home technologies may replace older adults’ human contact with

their caregivers (Lorenzen-Huber et al., 2011; Rogers & Fisk, 2010), and confirms

the interview result from Huber et al.’s work that with using these technologies, the

communication level stays the same or increases (Huber et al., 2013). For older

adults who used DigiSwitch, their loneliness also slightly decreases over time,

though there is no significant improvement.

Non-DigiSwitch users were lonelier when the suite was first introduced, but their

loneliness went back to baseline very quickly. One possible reason for the short

spike in loneliness in week 1 is that some members of peer groups were assigned to

use DigiSwitch when using the Trip Coordinator. Hence, these people had the

option to conceal themselves and not offer help. It is possible that this could make

the participants who did not have a DigiSwitch feel a lack of companionship or a

sense of isolation. After the first week, however, they felt the support from their

peers went back to normal and their loneliness returned to baseline as the weeks
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progressed. One possible reason could be in week 1, participants who had a

DigiSwitch used it more frequently when first introduced, then they reduced the

usage frequency over time.

Unlike the spike in loneliness of older adults without DigiSwitch, participants

with DigiSwitch, on the other hand, did not feel lonelier when the peer-care suite

was introduced. Their loneliness did not decline over time as it did for non-

DigiSwitch users. The floor effect probably led to this result. Participants’

responses for loneliness were mostly 1 (Hardly ever) and a few were 2 (Some of

the time) from week 1, which limits the change of their perceived loneliness

throughout the 8-week period.

Interpersonal support

Overall, neither the presence of the DigiSwitch, nor time affected perceived inter-

personal support. However, as shown in Fig. 7.12, ratings of interpersonal support

were at ceiling for the duration of the study. The ceiling effect may possibly explain

our findings. Participants were generally very satisfied with their level of interper-

sonal support, reporting responses of 4 (Completely True) or 3 (Somewhat True) to

questions about their level of appraisal support, tangible support, and belonging

support during week 1 of the study. We did not see any improvement in the level of

interpersonal support throughout the 8-week period because participants were

already very satisfied at the beginning of the study, and 4 (Completely True) was

the highest response category (i.e., the highest level of satisfaction) that participants

could report. In addition, participants took the survey via mobile phone every week

with our researchers. Although telephone survey is better than face-to-face survey

when involving some sensitive personal issues, it cannot provide as accurate a

reflection as other anonymous surveys (Opdenakker, 2006). They might feel

uncomfortable if they admitted they were lacking help when answering some ques-

tions, e.g., “There is no one I know who will tell me honestly how I am handling

my problems.”

Peer-care burden

Despite introducing peer-care into the lives of participants, we found that all partici-

pants reported very low levels of burden. This finding is notable because it indi-

cates that we may be able to facilitate communities of peers providing support to

one another without an increase in the burden they experience.

Care-giving for older adults is considered a stressful task and may harm care-

givers’ physical and psychological health (Aneshensel, Pearlin, Mullan, Zarit, &

Whitlatch, 1995; Pinquart & Sörensen, 2003a, 2003b; Vitaliano, Zhang, & Scanlan,

2003). However, we find that the level of perceived peer-care burden did not

change significantly over time. It is possible that peer-care burden never arose as a

problem, seeing as participants consistently reported 1 (Never) or 2 (Rarely) to

questions throughout the study about their perceived level of caregiver burden on

the Zarit Burden Short Form. In fact, from our qualitative data, one participant
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commented on how her fellow participants actively helped her use the technologies

(e.g., “We get together and we talk about this stuff (the technologies) all the time.

I don’t talk to them about the whole system. They explain to me what to do . . .
I would ask them if their tablets were working, or their tree.”). For this user, the

technology suite stimulated conversation, which facilitated peers to help each other

use the technologies. Another participant commented on how the technologies and

the peer-to-peer network created a feeling of togetherness more so than a feeling of

responsibility for others, indicating that the act of caregiving was likely not per-

ceived as a burden by that participant. For this user, the joint experience of using

the technologies and being a part of a peer-based caregiving network promoted a

sense of unity, or “togetherness.” This finding is interesting because it suggests that

the technology suite may help older adults feel more connected to their peers in the

community because of the shared element of their caregiving experience. For some

participants, this feeling of togetherness may overshadow the feeling of burden that

can accompany the responsibility of caring for others.

In general, participants did not report that the caregiver element of the technol-

ogy suite was a burden. We also found that the DigiSwitch did not increase per-

ceived burden. This finding is important because two studies on the privacy

management burden in Facebook’s privacy setting, and location privacy setting

indicate that privacy management generally poses additional user burden (Benisch,

Kelley, Sadeh, & Cranor, 2011; Liu, Gummadi, Krishnamurthy, & Mislove, 2011),

while our result suggests that participants in the DigiSwitch group were not addi-

tionally burdened by the need to manage their privacy. We also found that partici-

pants were not burdened by the responsibility of peer care, which is promising for

the future of peer-based caregiving technologies for communities of low-SES older

adults. This suggests that the peer-based, community-level design of the SOLACE

technologies has potential as an effective caregiving intervention. Perhaps, the tech-

nologies work well at the level of the community to facilitate communication, peer-

to-peer help, and a sense of togetherness—without making low-SES older adults

feel like the responsibility of caring for each other is burdensome.

Quality of life

For both groups with and without DigiSwitch, participants’ quality of life stayed

the same as it was before introducing the peer-care suite and the first time introduc-

ing it, though we added peer-care tasks to the older adults’ life. This could indicate

that the benefits of the suite outweighed any inconvenience. On the other hand, we

could argue that the suite should have increased their quality of life. However, we

did not see an increase in quality of life after introducing the suite. One reason for

this could be because participants were not familiar with these technologies and did

not realize the potential benefits. The motivation for older adults to learn new tech-

nologies is very low, especially in our case where four technologies were employed

together (Tacken, Marcellini, Mollenkopf, Ruoppila, & Széman, 2005). Some fac-

tors that influence older adults’ willingness to adopt, and accept, new technologies

include the fear of the new, a lack of motivation, difficulties related to usability,
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and insufficient training (Mollenkopf, 2003). Our participants were low-SES people

with a relatively low education level. The use of technology is dependent on educa-

tion level and income (Tacken et al., 2005). For example, older adults with higher

education and better cognitive abilities, may find it easier to use the technologies

which could contribute to seeing the technologies as improving their quality of life.

Another reason may be that the participants were asked to use these technologies,

so they felt they must accomplish the tasks as the researchers requested. In the

WHO Quality of Life questionnaire, some questions such as “I have the freedom to

make my own decisions,” and “I am able to do things I like to do,” may have been

in conflict with the role of research participant which asks participants to perform

certain activities.

However, we did see differences in the life quality of participants based on

whether or not they had the DigiSwitch over time. The quality of life ratings for

those users without DigiSwitch increased significantly over time, while the life

quality ratings of those who used DigiSwitch was not enhanced as the weeks pro-

gressed. One reason may be the usability of DigiSwitch. Since DigiSwitch controls

the privacy settings of all four technologies, it may not be as straight-forward to use

as the other peer-care technologies. Users may get confused when operating it.

However, participants were not asked about the usability of DigiSwitch specifically,

only the technology suite as a whole. Future work may involve asking users about

the usability of each individual technology so that data about the usability of

DigiSwitch can be collected and comparisons can be drawn between the usability

of DigiSwitch and the other four technologies. However, in Fig. 7.14 we see that

the ceiling effect also occurred. The participants were generally satisfied with their

life, so there was not much room for improvement over time.

From the qualitative data, participants had mixed reactions about whether or not

the technologies helped them live more independently, but most agreed that the

technologies were useful and, at least, helped them somewhat When one participant

was asked if the technologies enhanced his independence, he answered

“Moderately.” When the same participant was asked if it would be more difficult

for him to plan his activities if he did not have the technology suite, he answered

“Yes. Pretty much.”

Overall satisfaction and the usability of the peer-care suite

Users’ satisfaction with, and perceived usability of, the technologies did not change

over time. On the one hand, it is positive that we find satisfaction and perceived

usability of these technologies did not decrease, because it means the participants

did not become frustrated with the technologies over time. On the other hand, ide-

ally, we would have expected satisfaction and usability to increase over time as par-

ticipants became more familiar with the technologies. One reason for the similar

ratings across time could be that we provided training initially, but did not provide

additional training throughout the study. Many participants expressed that they did

not fully understand how the technologies worked. For example, two participants
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mentioned that they did not know how the Presence Clock tracked their movements

(e.g., “I don’t get the clock. I just walk past it all the time when I go to my door”)

and another participant detailed her confusion about the community window, com-

menting that she could not find the “Close Out” button, thought that she could not

call anybody at all, tried calling people when they were not on, and was not aware

of the people who were on her calling list.

Moreover, one participant reported that she did not know instruction manuals

were provided for each technology, and believed that she was not given enough

training on how to use the technologies (e.g., “I thought we all were going to do a

class on how to work it. I wish we had it because it could’ve been more useful and

then we could’ve done something with it.”) More training could have increased the

older adults’ knowledge of the technologies and how they function. One older adult,

e.g., expressed heightened interest in using his tablet after finding out that it had

Internet access. It is possible that participants’ limited knowledge of the technolo-

gies and their functions could have influenced their perception of the technologies

(e.g., “I may even pick the tablet if I learn how to work it.”). This claim is supported

by the statement of one participant who expressed an overall positive attitude

towards the technologies, but asserted that she did not know how to use them (e.g.,

“I would like to learn a little more about the technologies to get going. I think it

(i.e., learning about the technologies) is worthwhile. It’s like a toy—you play with it

and once you learn it, you get all excited.”). Many participants also relied on family

members to teach them how to use the technologies, e.g., “(My god-daughter) taught

me a lot of things. When she was over here, my goodness, she had the whole

Internet on (the tablet), and I haven’t been able to get it. If I learn how to use this

more, it’ll be better.” In general, participants suggested a more interactive, hands-on

method of instruction that incorporated weekly assessments designed to gauge each

participants’ understanding of the technologies would have helped. For example, on

participant said, “If you show us and tell us, then we will know more about the sys-

tem. . . It would be better for somebody to come once a week or every week to touch

base with that person and see how much they have learned.” Overall, most partici-

pants reported a positive impression of the technologies and claimed that they would

continue using the technologies after the study was over if that was an option (e.g.,

“I would keep those. It feels like I’m connected with the people. I’m connected with

them and I am not bothered.” “Overall, I’ve enjoyed it. I want to buy one.”).

Furthermore, many participants reported that they liked the Presence Clock

because it looked “cool” and displayed the time. Other participants reported that

they liked the Check-in Tree because it looked “pretty,” displayed pictures, and

incorporated a light-up functionality to indicate their check-in status (e.g., “I like it

how it is. It lights up at night.” “I love this tree . . . you have a favorite and you hit

that button. I mean, it’s something different.”) Several participants preferred Skype

to the Community Window because it allowed them to communicate with family

members rather than just their peer group. In addition, several participants

expressed confusion about the Trip Coordinator (e.g., “I go in and all it says is my

trip, so what do I put in there?”) even though most liked the concept underlying it.
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Privacy perception

Older adults who did not use DigiSwitch had slightly higher privacy concerns than

DigiSwitch users, though generally DigiSwitch and time do not significantly affect

older adults’ privacy perception.

Users’ privacy concerns decrease after users read and use the information in the

website privacy policies if the policies are comprehensible (Wu, Huang, Yen, &

Popova, 2012). The line chart in Fig. 7.16 shows a similar result. Though

DigiSwitch users and non-DigiSwitch users did not report significant differences in

their attitudes about privacy throughout the 8-week period, the mean scores of non-

DigiSwitch users were slightly higher than DigiSwitch users, which may be because

with using DigiSwitch, older adults feel more in control of their privacy rather than

just worrying about their privacy or not disclosing their information.

The qualitative data from the interviews may explain why we do not see a signif-

icant difference between the privacy perception of DigiSwitch users versus

non-DigiSwitch users. Most participants (including both DigiSwitch users and non-

DigiSwitch users) reported that the technologies did not invade their privacy.

Previous research suggests in-home monitoring technology may cause privacy con-

cerns, especially those that capture images (Caine et al., 2006). Nonetheless, in our

peer-care suite, only one technology (Community Window) involved video chat or

image capturing. Users are not monitored all the time, and they have the option to

reject a video call from others, which does not pose a huge privacy threat. Some

participants specifically reported that they did not care if their data from either the

Check-In Tree, the Presence Clock, or the Trip Coordinator (or a combination of

the three) could be seen by others. One participant reported never having used the

DigiSwitch device, so the amount of DigiSwitch use may help explain our finding.

Moreover, several participants expressed that they liked the DigiSwitch functional-

ity because it could be used to communicate with others. They did not comment on

DigiSwitch’s privacy-enhancing capabilities, suggesting that they lacked complete

knowledge of the purpose and functions of DigiSwitch. Two participants commen-

ted that they would not care if others saw their activity data as it could be used as a

conversation piece, and another participant commented that she did not wish to

have a privacy-controlling technology because “I will never do anything that I will

be ashamed of.” One other participant commented that she did not mind if others

could see her data, as long as she was not the only person whose data could be

seen, e.g., “[The Presence Clock data] would move for me and a couple of other

people, so it wouldn’t be all me. No, I don’t mind (if they saw it). They can see it.”

Furthermore, one participant mentioned that she did not care if others saw her

schedule, but if more personal information about her trips or her health was accessi-

ble, then she would not like it if that data was shown. The same participant also

said, “if [my data] were coded, then I’d like it better.” Moreover, another partici-

pant commented that the amount and type of data shown by the technologies was

not enough to concern her about privacy, e.g., “So, are you monitoring just me or

the activities in my house? That’s [my son] smoking ‘til 3 a.m. in the morning, but

it looks like I’m a very active person at 2 a.m. and I’m not. That’s him.” One
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participant also mentioned he felt he had control over the technologies. In general,

participants did not care whether their data was visible to others in their peer

network.

Ceiling effect and floor effect

A notable limitation that affects many of our results is ceiling and floor effects. The

results for some of the questionnaires produced either a ceiling effect, where most

data points fall in the very high range of possible values, or a floor effect, where

most data points fall in the very low range. For example, as can be seen in the per-

ceived interpersonal support line chart (Fig. 7.12), most participants reported scores

of four, which was the highest point available, and indicated the highest levels of

perceived interpersonal support. All participants in our study felt they had very

high interpersonal support at the beginning of the study, so this ceiling effect lim-

ited our ability to see any improvement. We expect older adults who started with

lower perceived interpersonal support might experience an increase. Similarly, the

ceiling effect also occurs for quality of life (Fig. 7.14). Moreover, the peer-care bur-

den scale produced a floor effect (Fig. 7.10). Participants’ answers all fell into the

lowest value available, which was one (Never). All participants felt they had very

little burden from before introducing the technology suite to the end of the study,

so again, the floor effect limits the change of peer-care burden throughout the 8-

week period. If the response categories could be lengthened to seven instead of four

in future studies, the result may be different because this change might allow for

more variability in response scores, specifically for the scores patterned by a ceiling

effect and a floor effect. The ceiling and floor effect for the responses to the inter-

personal support scale, quality of life scale and the peer-care burden scale may also

be explained by the nature of the interview, which was conducted over the phone.

Perhaps, participants did not want to reveal that they lacked others’ support, had

low life quality, or felt burdened by the responsibility to care for others in their con-

versations with researchers to protect their self-esteem and/or appear socially

desirable.

Conclusion and future work

This paper presented results from an 8-week in-situ study of older adults’ percep-

tions while using a suite of four peer-care technologies, Activity Clock, Community

Window, Check-In Tree, and Trip Coordinator, with the privacy-enhancing tool

DigiSwitch. We were interested in investigating how DigiSwitch and time influence

the low-SES older adults’ experience (quality of life, loneliness, peer-care burden,

interpersonal support, satisfaction and usability of technologies, and privacy percep-

tion) when using the peer-care suite over 8 weeks.

Our results show that we can engage older adults in peer-care without increasing

the burden they feel. This is important because as a stressful task for caregivers,
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care-giving for older adults has a negative effect on their physical and psychologi-

cal health (Aneshensel et al., 1995; Pinquart & Sörensen, 2003a, 2003b; Vitaliano

et al., 2003).

The loneliness of older adults decreased over time more or less, which addresses

the concern that these kind of technologies may replace older adults’ human contact

with their caregiver (Lorenzen-Huber et al., 2011; Rogers & Fisk, 2010). Especially

for participants who did not use DigiSwitch, loneliness decreased significantly

throughout the 8-week period. We also found that the life quality of older adults

without DigiSwitch increased significantly over time. In addition, the participants’

satisfaction levels and ratings of the usability of these technologies did not

decrease, which means the participants did not become more frustrated with the

technologies over time.

The result of the suite usability also suggests that when designing for older

adults, especially low-SES older adults, designers should put more effort into the

usability of the system, along with making the technologies easy to learn and sim-

ple to use, since some participants reported some confusion and problems with the

suite usage. Designers should also effectively train low-SES older adults, so that

they fully understand the purpose and functionalities of each technology.

Our main finding shows that DigiSwitch use does not increase peer-caregiver

burden, and there is no additional peer-caregiver burden when low-SES older adults

provide peer care. In future work, we plan to investigate how the technology suite

impacts low-SES older adults who are not already experiencing low burden.

In future work, we also plan to modify the design of the response scales of the

questionnaires, and exclude the participants who are at ceiling- or floor-, to avoid

ceiling effects and floor effects. Additionally, we plan to shorten the length of our

surveys to increase response rates and administer the surveys to a larger sample to

better represent target users.
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Introduction

Humans are social animals. Whether it is spending time with family members dur-

ing meals, talking with friends about personal or societal events of the day, or inter-

acting with coworkers and clients during work, interactions with others is a

common, everyday activity. However, individuals vary in their levels of social

engagement, and these differences may have consequential effects on quality of

life. For instance, high levels of social engagement have been found to be associ-

ated with a variety of beneficial health outcomes such as mental well-being (Cohen,

2004; Thoits, 2011). Conversely, social isolation and loneliness have been shown to

exert a strong negative effect on life and well-being outcomes, such as physiologi-

cal health (Holt-Lunstad, Smith, Baker, Harris, & Stephenson, 2015; Kearns,

Whitley, Tannahill, & Ellaway, 2015; Nicholson, 2012).

For older adults, social engagement may be particularly important due to the

life-changing events that can accompany older adulthood, including retirement and

the development of disease or immobility. In longitudinal studies, increased social

engagement predicted reduced mortality rates (Bennett, 2002; Ceria et al., 2001;

Dalgard & Håheim, 1998; Eng, Rimm, Fitzmaurice, & Kawachi, 2002; Kiely &

Flacker, 2003; Kim et al., 2016; Sampson, Bulpitt, & Fletcher, 2009). Though the

exact mechanism that accounts for this relationship with mortality remains debated,

social engagement has been associated with a variety of consequential health out-

comes for older adults. Examples include hypertension (Yang et al., 2016); the

development of dementia (Crooks, Lubben, Petitti, Little, & Chiu, 2008;

Fratiglioni, Wang, Ericsson, Maytan, Winblad, 2000; Kotwal, Kim, Waite, & Dale,

2016; Sörman, Sundström, Rönnlund, Adolfsson, & Nilsson, 2014); and mental

health and psychological well-being (Fiori, Antonucci, & Cortina, 2006; Forsman,

Nyqvist, Schierenbeck, Gustafson, & Wahlbeck, 2012; Litwin & Shiovitz-Ezra,

2011). In all of these instances, higher levels of social engagement were associated

with more positive health and quality of life outcomes.

With the rapid development of information and communication technologies

over the past few decades, particularly with the internet, the way that people inter-

act socially has dramatically changed. A specific example is the advent of social
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engagement technologies, including email and social networking sites such as

Facebook and Instagram. Though these technologies have impacted how individuals

of all ages interact socially, we focus here on the current and potential opportunities

these technologies have to bolster social engagement in older adults. Social engage-

ment technologies allow older adults to keep in contact with friends and family

members who may no longer reside in the same geographical area. This has the

potential to strengthen existing social ties by allowing new forms of communication

and the sharing of information between older adults and their social connections.

Furthermore, these technologies also afford older adults the opportunity to forge

new social ties by connecting with others who share similar interests or experiences

(e.g., online health groups or book clubs).

Our goal in this chapter is to assess the relationship between social engagement

and health outcomes for older adults, specifically with respect to the role technol-

ogy can play in supporting and facilitating social engagement. Social engagement

technologies include established forms of electronic communication such as email

and social networking sites (e.g., Facebook), as well as emerging technologies such

as telepresence, social robots, virtual reality (VR), and augmented reality (AR). Our

analysis of the literature revealed that there are barriers for older adults in the adop-

tion and use of technologies that foster social engagement. We make recommenda-

tions about how designers can overcome these barriers to better suit the needs and

interests of older adults.

Social engagement

Defining social engagement

Social engagement has been defined and operationalized in different, and some-

times inconsistent, ways in the literature. We propose the following definition:

Social engagement refers to the degree of participation in interpersonal activities

and the maintenance of meaningful connections with other people. This definition

relates to a number of terms that have been used in the researched literature, such

as social integration, social support, and social connectedness. Though differences

exist between the exact characteristics of these related terms, all deal with the

extent that an individual is living an interpersonally engaged and active lifestyle

while maintaining meaningful relationships with others.

Social engagement may be influenced by social networks (Stopczynski et al.,

2014; Watts, Dodds, & Newman, 2002) and social capital (Adler & Kwon, 2002;

Kawachi, Kennedy, & Glass, 1999; Putnam, 1995). These terms primarily refer to

social interaction at a group or community level. Social networks deal with the

interconnections of a group, whereas social capital deals with the level of social

participation or social resources available for a particular community or geographi-

cal area. The structure of a social network and the degree of social capital present

in a given community will likely influence the level of social engagement experi-

enced by individual group members.
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Measuring social engagement

Social engagement can be measured in a number of ways. One method is to simply

count the number of social contacts of an individual. For instance, researchers can

have participants self-report on the number of people they interact with socially

during a specified length of time (e.g., daily, weekly, monthly). This numerical

frequency-based measure of social engagement can provide information about the

level of social connectedness for a particular individual.

However, even though a numerical count of social contacts can give an impres-

sion of the scope and size of the social network an individual resides in, it does not

provide any information about the quality of the particular social relationships. For

example, an individual may have to interact with another person on a frequent basis

(e.g., due to work), but may not enjoy these interactions. Social interactions of these

sorts could exert a negative influence on an individual’s quality of life. As a result,

other measures of social engagement have individuals rate the quality of their social

relationships on a variety of functional dimensions. For instance, Zunzunegui,

Alvarado, Del Ser, and Otero (2003) had participants qualify their relationships

with social connections (e.g., relatives, friends) through the following questions:

“How often do you feel you help your [social connection]?”; “How often do you

feel useful to your [social connection]?”; “How often do you feel that you play an

important role in your [social connection’s] lives?” Responses to these questions

help quantify the meaningfulness and usefulness individuals attach to their various

social relationships.

Of course, measures of social engagement can contain items that quantify both

the numerical count of an individual’s social connections as well as the perceived

quality of the specific social relationships. One frequently used example is the

Lubben Social Network Scale (Lubben et al., 2006), wherein participants not only

self-report on the number of active family and friend social ties, but also the per-

ceived support of these respective social connections. By including indices of the

scope and size of an individual’s network, the quality of the individual’s social sup-

port can be assessed from the single scale.

Other measures of social engagement do not focus on particular social connec-

tions themselves, but instead on the degree of social activity or participation experi-

enced by the individual (e.g., Gerstorf et al., 2016). In these measures, participants

self-report on whether they attend a variety of social events (e.g., community cen-

ters, civic engagements, religious services). Higher attendance and participation in

social activities is taken as evidence of a more socially engaged lifestyle.

For any intervention or technology designed to enhance social engagement to be

successful, it is critical that the values and social preferences of individuals are

taken into account. Individuals vary in their social relationship preferences, as evi-

denced by individual differences in typologies of social networks (Fiori et al., 2006;

Litwin, 2001). Whereas some social networks consist of individuals with a few

strong ties, other networks consist of individuals with many ties that are weaker in

strength. Moreover, whereas some social networks consist mainly of ties with fam-

ily members or close friends, other networks consist of a greater variety of social
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relationships. Insofar as different social network typologies stem from the values

and preferences of individuals who make up the network, any intervention or tech-

nology designed to target social engagement must accommodate these differences.

Technologies that aim to facilitate social engagement in a large and diverse user

base should be flexible and customizable to enable individuals with different social

preferences the ability to tailor the technology to suit their needs.

The value of social engagement for health outcomes

High levels of social engagement for older adults have documented benefits for

health and quality of life, as measured through mortality rates and longevity.

Though the precise mechanisms that account for the positive effects of social

engagement on longevity remain inconclusive, a high level of social engagement

has been shown to have a beneficial impact on a variety of consequential health

outcomes (see Table 8.1).

Table 8.1 Higher levels of social engagement are associated with a
variety of health outcomes

Example health outcomes References

Physiological

markers of

health

� Stress responsiveness
� Cardiovascular disease
� Hypertension
� Immune functioning

Cacioppo et al. (2002), Cohen,

Doyle, Skoner, Rabin, and

Gwaltney (1997), Hermes et al.

(2009), Ramsay et al. (2008),

Yang et al. (2016)

Cognitive-

related

issues

� Reduced occurrence and onset

of dementia
� Increased cognitive

functioning, including episodic

memory, semantic memory,

working memory, perceptual

speed, and visuospatial ability
� Reduced declines in memory

over time

Ertel et al. (2008), Holtzman

et al. (2004), Krueger et al.

(2009), Marioni et al. (2015),

Saczynski et al. (2006)

Mental health � Happiness and life satisfaction
� Positive affect
� Reduced levels of depression,

anxiety, and suicide ideation

Barg et al. (2006), Cacioppo,

Hughes, Waite, Hawkley, and

Thisted (2006), Forsman,

Herberts, Nyqvist, Wahlbeck,

and Schierenbeck (2013),

Golden et al. (2009), Huxhold

et al. (2013), Nyqvist,

Forsman, Giuntoli, and Cattan

(2013)
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Social engagement and mortality

One clear example of health benefits for older adults is longevity. The link between

levels of social engagement and mortality rates (e.g., Ceria et al., 2001; Giles,

Glonek, Luszcz, & Andrews, 2005; Kiely & Flacker, 2003; Thomas, 2012) has

been explored through longitudinal studies assessing social engagement and subse-

quent mortality rates over a specified number of years.

In one such longitudinal study, Kiely, Simon, Jones, and Morris (2000) analyzed

data from 927 long-term care residents over a 4.5-year period. Overall, individuals

with the lowest score on their 6-point social engagement scale were 2.3 times more

likely to die compared with individuals with the highest score. Even after control-

ling for a number of well-known risk factors, individuals with low social engage-

ment were still 1.4 times more likely to die compared with high social engagement

individuals. In a more recent study, Kim et al. (2016) analyzed data from 8234 par-

ticipants enrolled in the Korean Longitudinal Study of Aging over a 6-year period.

After adjusting for a number of covariates, they found that the all-cause mortality

rate for individuals with the lowest level of social engagement was 1.84 times the

rate for individuals with the highest level of social engagement.

The general pattern of these relationships was assessed in a meta-analysis of 148

studies (308,849 participants) of social relationship patterns and mortality (Holt-

Lunstad, Smith, & Layton, 2010). The weighted average effect size was an odds

ratio of 1.50, which represents a 50% increased likelihood of survival for indivi-

duals with higher levels of social engagement and other patterns of stronger social

relationships. Holt-Lunstad et al. (2010) compared this effect size to the effect of

smoking status on mortality in late life, with the effect size of social engagement

even exceeding other well-known risk factors such as obesity and physical inactiv-

ity. In a follow-up meta-analysis, Holt-Lunstad et al. (2015) assessed three mea-

sures of low social engagement (loneliness, social isolation, or living alone) and

their effects on mortality. The weighted average effect sizes for the three measures,

after controlling for a number of covariates, represented an increase likelihood of

mortality of 29%, 26%, and 32%, respectively.

Reduced mortality rates remained significant even after controlling for potential

confounding variables, such as age, sex, socioeconomic status, physical health sta-

tus, depression, and geographic region of study (Bennett, 2002; Dalgard & Håheim,

1998; Gerstorf et al., 2016; Giles et al., 2005; Sampson et al., 2009). Thus, the

impact of social engagement on reducing mortality rates and increasing longevity is

a general one, not solely affected by a specific culture or confined to a particular

sub-population.

Social engagement and physical markers of health

Social engagement influences a number of consequential markers of physical

health, including:

� stress responsiveness (Cohen & Wills, 1985; Heinrichs, Baumgartner, Kirschbaum, &

Ehlert, 2003)
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� cardiovascular disease and risk factors (Kamiya, Whelan, Timonen, & Kenny, 2010)
� immune functioning (Lutgendorf et al., 2005)
� sleep quality (Kurina et al., 2011)

These physical markers of health have their own impact on longevity and quality

of life. Thus, a better understanding of the exact mechanisms that account for the

influences of social engagement on physical health is a critical component in clari-

fying the link between high levels of social engagement and increased longevity.

Regardless of the mechanism, there is apparent value in enhancing individuals’

social engagement.

The degree of strength in the relationship between levels of social engagement

and physical markers of health was recently demonstrated by Yang et al. (2016).

They analyzed nationally representative samples to determine the impact of func-

tional dimensions of social relationships on biomarkers of physical health (e.g.,

C-reactive protein, systolic and diastolic blood pressure, waist circumference, body

mass index). The representative samples allowed the researchers to investigate the

impact of social engagement on physical health across the human life span. For

older adults, in a longitudinal change model applied to data from the National

Social Life, Health, and Aging Project (NSHAP), a higher mean social integration

level had a 54% reduction in the odds of developing hypertension over a 6-year

period. In fact, the effect of social integration even exceeded well-known risk fac-

tors for hypertension in late adulthood, such as diabetes. This pattern of results

demonstrates the high impact varying levels of social engagement have on physical

health, and the potential benefits that exist in designing interventions and technolo-

gies geared toward enhancing social engagement.

Yang et al. (2016) proposed a conceptual model where physiological regulation

mediates the link between social relationship patterns and diseases and longevity.

As an example, they posited that low levels of social engagement create continuous

stress exposures for individuals, which subsequently leads to the development of

stress-related diseases as people age. Furthermore, Yang et al. (2016) found that

social relationship patterns affected certain physical markers of health especially

during adolescence and older adulthood. Social integration and social support may

be more powerful in influencing health and related outcomes for individuals during

the formative years of adolescence and during the life-changing events often associ-

ated with older adulthood. For older adults, issues of retirement and disease can

have tremendous effects on daily routines and ways of life. Having an active and

supportive social system may be especially important in providing the purpose and

meaning that is critical in maintaining a healthy and high quality of life.

Social engagement and cognitive decline

Preserved cognitive functioning is an integral component of maintaining a healthy,

active, and independent lifestyle for older adults. Whether it is managing multiple

medications, learning new skills and hobbies, or managing finances and paying

bills, many everyday activities require complex cognitive processes. As a result, a
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better understanding of the protective effect that social engagement has on cogni-

tive functioning is vital for designing solutions or interventions targeting declines in

cognitive ability in older adulthood.

The most severe and debilitating form of cognitive decline is the development of

dementia, with Alzheimer’s disease being the most common cause (Burns & Iliffe,

2009). Due to the high personal and societal costs associated with the condition,

numerous studies have investigated the effect of social engagement on the occur-

rence and onset of dementia (e.g., Sörman, Rönnlund, Sundström, Adolfsson, &

Nilsson, 2015; Wang, Karp, Winblad, & Fratiglioni, 2002).

Fratiglioni et al. (2000) conducted a study of 1,203 community-dwelling older

adults (aged 75 and above). Social engagement was assessed by a measure that

included both structural and qualitative aspects of individuals’ social lives. This

included items about marital status, living arrangement, having children, as well as

contact frequency and relationship satisfaction with various social ties (e.g., chil-

dren, relatives, close friends). During a 3-year follow up after the baseline inter-

view, it was found that poor or limited social engagement increased the risk of

dementia by 60%.

A recent meta-analysis was carried out on the effect of social relationship factors

on dementia risk in longitudinal cohort studies (Kuiper et al., 2015). The results of

the meta-analysis were that individuals with lower levels of social participation,

individuals with lower frequency of social contacts, and individuals with higher

levels of loneliness were, respectively, 1.41, 1.57, and 1.58 times more likely to

have a higher risk to develop dementia than their more socially engaged

counterparts.

Even though dementia has been a main research focus, the benefits of social

engagement for cognitive functioning in older adults are not solely confined to the

onset of dementia. Social engagement has been found to associate with cognitive

functions more broadly (Barnes, de Leon, Wilson, Bienias, & Evans, 2004;

Seeman, Lusignolo, Albert, & Berkman, 2001). For instance, in a sample of 838

older adults without dementia, measures of social activity and social support related

to higher cognitive functioning (Krueger et al., 2009). In this particular study, cog-

nitive functioning was assessed using multiple measures of a variety of cognitive

processes, including episodic memory, semantic memory, working memory, percep-

tual speed, and visuospatial ability. These results demonstrate that a high degree of

participation in social activities and the maintenance of social connections serve to

preserve an array of cognitive functions in late adulthood.

The relationship between social engagement and cognitive functioning in older

adulthood could be bidirectional. That is, cognitive decline may cause a reduction

in social engagement, because successfully maintaining interpersonal social rela-

tionships requires cognitive processing. Moreover, older adults experiencing cogni-

tive decline could face barriers in participating in social activities, which would

result in lower reported levels of social engagement. However, evidence suggests

that enhanced social engagement exerts a protective effect on cognitive functioning

for older adults. In one longitudinal study that used data from the Health and

Retirement Study (Ertel, Glymour, & Berkman, 2008), linear growth curve models
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were used to determine if social engagement predicted subsequent memory decline.

In fact, higher levels of social engagement did predict a reduced rate of memory

decline over a 6-year period. However, no reverse causality was found (i.e., earlier

memory scores did not predict subsequent social engagement), suggesting a causal

path from degrees of social engagement to levels of cognitive functioning in older

adulthood.

Social engagement and mental health

Mental health issues can have deleterious effects on health and quality-of-life out-

comes for older adults. As an example, depression has been found to be related to

higher mortality rates (Cuijpers & Smit, 2002; Geerlings, Beekman, Deeg, &

Twisk, 2002; Mallon, Broman, & Hetta, 2000; Schulz et al., 2000). Conversely,

happiness and other measures of psychological well-being are positively associated

with health benefits in older adults (Angner, Ray, Saag, & Allison, 2009; Diener &

Chan, 2011; Ostir, Markides, Peek, & Goodwin, 2001). Participating in rewarding

social activities, having a robust social support system, and maintaining a diverse

array of social connections can all be sources of self-worth and meaning that conse-

quently affect well-being in older adults.

Numerous studies have investigated the extent that the type and quality of social

relationships relate to happiness and subjective well-being in older adults (Bowling,

Farquhar, & Browne, 1991; Cheng, Lee, Chan, Leung, & Lee, 2009; McAuley

et al., 2000; Park, 2009). In one study that included 1,334 community-dwelling

older adults, even after adjusting for age, sex, depression, cognitive impairment,

and disability, higher social engagement was associated with higher self-rated

happiness and ratings of life as worth living (Golden, Conroy, & Lawlor, 2009). In

a longitudinal study consisting of a sample of 2,034 older adults (Huxhold, Fiori, &

Windsor, 2013), changes in social engagement over a 6-year timespan were associ-

ated with changes in life satisfaction and positive affect. Moreover, survey data

from samples of older adults living in Beijing and Hong Kong indicated that indivi-

duals’ social network size and perceived social support were even stronger predic-

tors of happiness than variables such as income and education (Chan & Lee, 2006).

Low levels of social engagement (e.g., social isolation, loneliness) are related to

the occurrence of mental health issues such as depression or anxiety in late adult-

hood (Adams, Sanders, & Auth, 2004; Alpass & Neville, 2003; Forsman et al.,

2012). For instance, in a community sample of older adults, fewer social support

resources were related to higher levels of depression as well as suicidal ideation

(Vanderhorst & McLaren, 2005). Cornwell and Waite (2009) used population-based

data from the NSHAP, and found that a measure of social isolation, which included

items relating to loneliness and perceived social support, predicted the prevalence

of depressive symptomatology. The New Haven Established Populations for the

Epidemiologic Study of the Elderly showed that lower social engagement was asso-

ciated with higher levels of depression, even after controlling for variables such as

age, sex, education, marital status, health and functional status, and fitness activities

(Glass, de Leon, Bassuk, & Berkman, 2006).
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Proposed mechanisms

Though the research summarized earlier demonstrates the large body of empirical

work on the relationships between social engagement and health outcomes, less

attention has been given to providing theoretical accounts of the causal mechanisms

that underlie these relationships. However, Berkman, Glass, Brissette, and Seeman

(2000) did propose an overarching model of how social relationships affect physical

and mental health. According to the model, macrosocial factors such as cultural

norms and economic factors exert an impact on social network structure, which

then influences the lower behavioral level of individuals through the following

pathways: provision of social support, social influence, social engagement and

attachment, and access to resources and material goods. Thoits (2011) went on to

propose seven possible mechanisms that might account for the effect of social

engagement on health: social influence/social comparison, social control, role-based

purpose and meaning (mattering), self-esteem, sense of control, belonging and com-

panionship, and perceived support availability. Of course, different forms of social

engagement and health variables may be linked through different underlying

mechanisms, so the above list is not mutually exclusive. However, future research

is needed to elucidate the precise causal mechanisms for these various social

engagement and health linkages. Results from this line of research will also contrib-

ute to the future success of social engagement technologies, by allowing designers

to target and support the particular elements of social engagement that are associ-

ated with quality-of-life outcomes.

Barriers to social engagement for older adults

The older adult population is heterogeneous and consists of individuals with vary-

ing needs and facing different challenges in their everyday lives. Challenges at both

the personal and societal levels can impair their ability to perform activities relevant

to living independently, such as activities of daily living and instrumental activities

of daily living (Katz, 1983). These activities, which can include bathing, feeding

oneself, self-grooming, among others, are important for maintaining functional

independence. Furthermore, impairments that hinder one’s ability to complete these

activities can severely impact levels of social engagement and quality of life as a

result (Andersen, Wittrup-Jensen, Lolk, Andersen, & Kragh-Sørensen, 2004;

Ballard et al., 2001).

If technology is to be a tool that can bolster social engagement for older adults,

it is necessary to identify the particular challenges faced by older adults that can

inhibit an active and socially engaged lifestyle. Below we summarize some of the

challenges that are disproportionally likely to affect older adults, including barriers

that are physical, cognitive, financial, or cultural/societal in nature (see Table 8.2).

Older adults are more likely to adopt a social engagement technology if they find

the technology or the content communicated through the technology to be “person-

ally relevant” (Xie, Watkins, Golbeck, & Huang, 2012). As a result, successful
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technologies will be ones that have the ability to directly combat and overcome the

barriers that prevent desired levels of social engagement.

Physical barriers

As some individuals age, they encounter physical limitations such as increased

frailty, slower gait, as well as limitations due to the effects of chronic diseases such

as osteoarthritis (e.g., Blagojevic, Jinks, Jeffery, & Jordan, 2010; Bohannon, 1997;

Fulop et al., 2010). These limitations can inhibit their ability to perform important

mobility-related actions such as navigating their home, shopping for groceries, or

traveling to visit family and friends. For perspective on the impact of such difficul-

ties, Rogers, Meyer, Walker, and Fisk (1998) performed a focus group study inves-

tigating the difficulties older adults were facing and found that motor limitations

represented 38% of the reported problems, primarily concerning issues related to

walking, climbing steps, and other common physical activities. These challenges

Table 8.2 Barriers faced by some older adults that can prevent
high levels of social engagement

Type of

barrier

Examples References

Physical � Reduced mobility
� Increased frailty
� Declines in sensory-perceptual

abilities

Blagojevic et al. (2010), Crews and

Campbell (2004), Dalton et al.

(2003), Fulop et al. (2010), Lin

et al. (2011)

Cognitive � Development of dementia
� Declines in cognitive abilities

such as attention, processing

speed, and working memory
� Self-perception of memory

decline

Hasher and Zacks (1988), Lovelace

and Twohig (1990), Raz (2000),

Ryan (1992), Salthouse (1996),

Schaie and Zanjani (2006)

Financial � Retirement from a working

salary
� Living on a limited, fixed

income (e.g., Social Security,

pensions, investments)
� Wealth tied up in non-liquid

assets (e.g., home ownership)

Dunn and Olsen (2014), Gruber and

Wise (1999), Lusardi and

Mitchell (2007a, 2007b)

Cultural/

societal

� Social norms about living

arrangements during older

adulthood
� Development of a nation’s

healthcare system
� “Walkability” of a geographical

area

de Jong Gierveld and van Tilburg

(1999), Rogers, Halstead,

Gardner, and Carlson (2011),

Shrestha (2000), Wood et al.

(2008)
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not only inhibit self-management, but such difficulties can impact health and over-

all quality of life. For example, declines in mobility have been found to contribute

to heightened rates of social isolation and loneliness, and both characteristics have

been associated with increased rates of mortality (Steptoe, Shankar, Demakakos, &

Wardle, 2013).

In addition, declines in sensory-perceptual abilities commonly accompany aging

(e.g., hearing or vision loss) and can increase the difficulty older adults experience

when conversing with others, navigating their environment, and participating in

social events. It is estimated that over 60% of older adults in the United States aged

70 and older meet the World Health Organization’s definition for hearing loss (Lin,

Thorpe, Gordon-Salant, & Ferrucci, 2011), and about 12% of older adults aged 65

and older report having moderate or severe vision loss (Centers for Disease

Control & Prevention, 2011). These abilities are relevant to maintaining social

engagement in the community and with friends and family, as well as overall qual-

ity of life (Crews & Campbell, 2004; Dalton et al., 2003). Other than impacting the

ability to socialize, associations between these losses and cognitive decline, as well

as mortality, have been demonstrated (e.g., Arlinger, 2003; Baltes & Lindenberger,

1997; Genther et al., 2015; Lin et al., 2013; McCarty, Nanjan, & Taylor, 2001).

Cognitive barriers

Preserved cognitive functioning plays a vital role in ensuring that an individual can

perform important activities and self-manage their life (Greiner, Snowdon, &

Schmitt, 1996; Grigsby, Kaye, Baxter, Shetterly, & Hamman, 1998). The degree to

which an individual experiences cognitive declines as they age varies from person

to person, but evidence for general declines in attention, processing speed, and

working memory, among other cognitive abilities, have been commonly found

(e.g., Hasher & Zacks, 1988; Raz, 2000; Salthouse, 1996; Schaie & Zanjani, 2006).

Moreover, declines in cognitive functioning have been found to be associated with

level of social engagement and support, with those having more social lives

experiencing less cognitive difficulties as they age (Béland, Zunzunegui, Alvarado,

Otero, & del Ser, 2005; Crooks et al., 2008). Although not all older adults experi-

ence the same degree of general cognitive decline, the perception of the impact that

aging has on cognitive performance may hinder their desire to engage socially and

lead to the avoidance of situations that hold the potential to test these perceived

declines and difficulties. When adults have been asked to reflect upon how they

perceive memory ability over the life span, a trend portraying more negativity with

increasing age has been found (e.g., Lovelace & Twohig, 1990; Ryan, 1992). Thus,

self-perception of cognitive ability may then influence decisions regarding personal

and social lives.

Financial barriers

Another impediment to social engagement relates to financial challenges faced by

older adults. Staying socially active is often expensive. Going out to dinner with
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friends, entertainment activities such as going to the movies or attending a concert,

or traveling to distant locations can all be costly endeavors. Moreover, high levels

of social engagement that require frequent social interaction can make matters more

difficult by requiring continuous expenditures to sustain the social connection. As a

result, for many older adults, there may exist a gap between their desired and actual

degree of social engagement, due solely to not having the financial resources avail-

able to maintain high levels of social activity.

Just like any age group, older adults are heterogenous with respect to financial

resources. This means that financial challenges toward social engagement will dis-

proportionately affect some older adults more than others (e.g., low SES indivi-

duals). Older adults should not be stereotyped as all struggling financially. In fact,

the average level of wealth is higher for older adults compared to younger and

middle-aged adults (Dunn & Olsen, 2014). However, this wealth can often be tied

up in non-liquid assets (e.g., home ownership), which do not have much of an effect

on day-to-day income expenditures. Consequently, it is still the case that many

older adults live on fixed incomes (e.g., Social Security, pensions, investments),

which can force them to prioritize the things and people they choose to spend

money on. Furthermore, due to the uncertainty of knowing how long retirement

funds will have to last into the future, many older adults adopt a conservative atti-

tude toward money usage. Taken together, any intervention or policy aimed to

increase social engagement must take into account financial constraints faced by

individual older adults.

Cultural/societal barriers

In addition to the personal challenges mentioned above, various cultural and socie-

tal factors can provide challenges for older adults’ ability to maintain high levels of

social engagement. A clear example of this is that countries and cultures have dif-

ferent social norms about living arrangements during older adulthood (Bongaarts &

Zimmer, 2002; De Vos, 1990; Wilmoth, 2001; Zimmer & Dayton, 2005). These

differences can have substantial effects on the type of daily social activities experi-

enced by older adults. For instance, older adults living in a society that expects

them to live with younger family members will likely have different social bonds

and networks than older adults who reside in a country that stresses either indepen-

dence or retirement communities.

Many other factors at a society or community level influence older adults’ ability

to engage in social activities outside the home. Geographical areas will differ in the

availability and quality of public transportation, the prevalence of social gathering

places such as community centers or parks, as well as the density of other destina-

tion locations (e.g., restaurants, shops). There is also an extensive body of research

on the relationship between the “walkability” of a geographical area and levels of

social engagement for residents of the area (Beard & Petitot, 2010; Leyden, 2003;

Richard, Gauvin, Gosselin, & Laforest, 2008; Scharlach & Lehning, 2013). Here,

walkability usually refers to neighborhood design, but walkability can also refer to
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other external factors that can affect older adults’ desire to freely move around

outside (e.g., crime rates and perceived safety; King, 2008).

Societal factors can influence social engagement in older adulthood through their

impact on individual older adults’ ability to maintain a healthy and socially active

lifestyle. As an example, the development of a nation’s educational and healthcare

systems will greatly affect the health and quality of life experienced by older adults

residing in that nation. Older adults in more industrialized societies can not only be

predicted to experience higher life expectancies on average (Hertz, Hebert, &

Landon, 1994; Shrestha, 2000), but they are also more likely to have the resources

available that can support and strengthen an active lifestyle into late adulthood—

whether these resources be financial, health/medical, or technological in nature.

These cultural/societal challenges should not be seen as distinct from the per-

sonal challenges described above. All of these cultural/societal challenges can be

seen as exacerbators of the personal challenges mentioned previously—namely

physical, cognitive, and financial challenges. Less developed infrastructures, modes

of transportation, and physical aids will intensify the physical challenges faced by

many older adults. Limited educational systems will affect the cognitive challenges

faced by individuals residing in those nations, and less economically developed

nations will mean that a greater percentage of older adults will most likely not have

the financial resources available to fulfill their social desires or needs. However,

what these cultural and societal challenges make clear is that any technology

designed to enhance social engagement, particularly in older adults, cannot assume

that the adoption and use of a technology in one culture or society will automati-

cally transfer to another. Older adults in different societies, as well as individuals

within societies, will face different challenges and may hold different social values.

Any technical solution to the problem of low levels of social engagement must take

these and related issues into account during the design process.

Using technology to foster social engagement

Changes in social engagement in American society

There have occurred large and consequential declines in social capital and civic

engagement in American communities during the last couple decades of the 20th

century (McPherson, Smith-Lovin, & Brashears, 2006; Putnam, 2000). As Putnam

(2000) extensively detailed in his book Bowling Alone, there have been massive

drops in engagement rates in a variety of formal social institutions, such as partici-

pation in political organizations, membership in local civic groups such as parent-

teacher associations, religious attendance, as well as workplace organizations such

as union membership. Negative trends have been observed in informal social con-

nections as well. For instance, metrics such as the percentage of adults who had

friends over for dinner during the previous month showed a consistent decline from

1975 to 1995, as did membership in other local neighborhood groups such as bowl-

ing leagues.
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The rapid development of social engagement technologies over the past two dec-

ades may counteract declines in social capital and civic engagement. However, a

popular concern has been the idea that these technologies (e.g., Facebook, or the

internet more generally) could be making matters worse, or in some cases might

actually be the cause of the decline. But, as Putnam (2000, p. 170) stated in retort

to this idea: “Voting, giving, trusting, meeting, visiting, and so on had all begun to

decline while Bill Gates was still in grade school. By the time that the Internet

reached 10 percent of American adults in 1996, the nationwide decline in social

connectedness and civic engagement had been under way for at least a quarter of a

century.”

Yet, there remains the concern that online and other modes of virtual interaction

have the potential to exacerbate the negative trends in social connectedness

described above. Imagine that an individual has a roughly fixed amount of time that

he or she allocates to social interaction. More time spent on social networking sites

such as Facebook would allow less time spent interacting with others in a face-to-

face fashion. Or, relatedly, if online or virtual communication is enough to satisfy

the social needs of an individual, that individual might have less desire or motiva-

tion to join local community organizations or interact with others in informal ways

(e.g., having friends over for dinner).

Though research exploring this potential “crowding out” or “displacement”

effect is limited, a few studies suggest that the relationship between virtual and

face-to-face social interaction is actually in the positive direction. In a sample of

college students, Facebook use was positively associated with various social capital

variables, including the extent individual students felt engaged or part of the cam-

pus community (Ellison, Steinfield, & Lampe, 2007). Similarly, Valenzuela, Park,

and Kee (2009) found that greater intensity of Facebook use was positively related

to college students’ social trust, civic engagement, and political participation. In a

1-year longitudinal study with college students (Steinfield, Ellison, & Lampe,

2008), intensity of Facebook use positively predicted subsequent social capital vari-

ables. Among older adults as well, active users of information/communication tech-

nologies reported higher percentages of frequently interacting with family and

friends (Vroman, Arthanat, & Lysack, 2015). Moreover, in a sample of adults

50 years or older, Internet users were more likely to have contacts with family and

friends compared to non-users, as well as were more likely to participate in organi-

zations or clubs (Hogeboom, McDermott, Perrin, Osman, & Bell-Ellison, 2010).

The degree social capital exists in online communities still remains an open

question. However, social engagement technologies have started influencing some

of even the most dramatic declines reported by Putnam (2000), including participa-

tion in local or neighborhood organizations. Online neighborhood message boards

have increasingly come into existence, where members of a neighborhood have the

ability to share information about upcoming events in the community. At a mini-

mum, the dramatic increase in adoption rates for particular social engagement tech-

nologies (e.g., over 1.8 billion monthly users of Facebook as of 2016) suggests that

individuals have a strong desire to interact, communicate, and share information

with others. As a result, though certain aspects of social engagement may be
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changing in American and other societies, such as the decline in membership in cer-

tain civic and community organizations, it does not necessarily mean that there has

also been a decline in individuals’ desire to be socially engaged with other people.

The challenge for technological solutions of declining social engagement is to

ensure that the use of a particular technology is strengthening other modes of social

connection instead of either negatively affecting it, or fully replacing it.

The impact of current social engagement technologies

Technological innovation over the last century has led to an evolution among how

individuals are able to communicate and interact with one another. Prior to these

advancements, social engagements were heavily reliant on proximity as it was nec-

essary to be in the same physical location to communicate in real-time. However,

developments in social engagement technologies have allowed for a facilitation and

decentralization of this communication and delivered the ability to connect to any-

one at any time with relatively little effort. Prior to the introduction of the Internet,

if an individual wanted to discuss a favorite past time with a friend or debate a

pressing civil issue, meetings would have to be arranged by ensuring that not only

was a location available, but that others were also able to join and were not bur-

dened by conflicting commitments. Now, the Internet, mobile phones, and other

related technologies allow for the discussion of such topics with the use of social

networking sites (e.g., Facebook, Twitter) and other messaging platforms such as

Internet-based forums or text messaging. Whether an individual is available at a

specific time is no longer vital for social engagement as online discussions may be

read and contributed to at one’s leisure (i.e., asynchronously).

To better understand the potential of technology to foster and maintain social

engagement, it is beneficial to discuss which social engagement technologies are

currently used, as well as the emerging technologies that may further revolutionize

communication (see Table 8.3). A clear example of the impact of a current social

engagement technology is the rapid adoption of smartphones that allow one to call,

email, instant message, or update social media from anywhere at any time. For per-

spective, nearly 70% of adults in the United States currently own a smartphone

(Anderson, 2015). In addition, social networking sites such as Facebook and

Twitter have exploded in popularity, as 65% of US adults report using at least one

such site in 2015, up from under 10% since 2005 (Perrin, 2015). The widespread

adoption of these technologies has fundamentally changed how people communi-

cate and manage their social lives, and these changes are expected to continue as

technology advances.

The potential of emerging technologies

Emerging technologies hold the potential to influence how individuals socialize in

the near future. An emerging technology is “a radically novel and relatively fast

growing technology characterized by a certain degree of coherence persisting over

time and with the potential to exert a considerable impact on the socioeconomic
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domain” (Rotolo, Hicks, & Martin, 2015, p. 4). Such developments may further

benefit those living with certain impairments that inhibit their ability to engage

with others. For instance, advancements regarding the availability, speed, and con-

sistency of the Internet have allowed for the introduction of televideo applications

and devices that allow users to see and hear the individual(s) with whom they are

communicating. Moreover, the visual component of these technologies allows for

their potential utilization in areas such as telemedicine and caregiving for older

adults, permitting users to receive remote care from the comfort of their own home

despite any mobility impairments (e.g., Wu, Stuck, Mitzner, Rogers, & Beer, 2016).

In combination with televideo technologies, developments in robotics could allow

Table 8.3 Current and emerging social engagement technologies

Technology Description

Augmented

Reality (AR)

“Augmented reality is a live view of a real-world environment

where the elements of the environment are augmented by

software, such as video or audio.” (Cabero & Barroso, 2016, p. 4)

Email Emails are “messages in text form sent via computer networks from

one person to another or to many others.” (Tao & Reinking,

1996, p. 4)

Smartphone A smartphone is “a cell phone with advanced capabilities, which

executes an identifiable operating system allowing users to

extend its functionality with third party applications that are

available from an application repository.” (Theoharidou,

Mylonas, & Gritzalis, 2012, pp. 429�430)

Social

Networking

Sites

Social networking sites are “web-based services that allow

individuals to (1) construct a public or semi-public profile within

a bounded system, (2) articulate a list of other users with whom

they share a connection, and (3) view and traverse their list of

connections and those made by others within the system. The

nature and nomenclature of these connections may vary from site

to site.” (Ellison, 2007, p. 211)

Televideo Televideo involves the “the use of two-way audio and video to

exchange information, whether it be through a computer (e.g.,

Skype or Facetime) or through the use of a telepresence system

or robot that allows a person to navigate around a remote

environment (e.g., Kubi, Beam).” (Matthews, 1999; Mitzner,

Stuck, Hartley, Beer, & Rogers, 2017, p. 2)

Virtual Reality

(VR)

Virtual reality technologies provide “the illusion of participation in

a synthetic environment rather than external observation of such

environment. VR relies on three-dimensional (3D), stereoscopic,

head-tracked displays, hand/body tracking and binaural sound.

VR is an immersive, multi-sensory experience.” (Gigante, 1993,

p. 3)
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individuals to not only communicate with others over long distances, but also

remotely traverse and interact with the environment.

Social robots are emerging as a means to provide engagement themselves, or to

facilitate social engagement between people. For example, the robot PARO was

designed to simulate the movements and sounds of a baby harp seal. In skilled nurs-

ing environments, PARO increased social engagement between residents by encour-

aging people to congregate in common areas and providing a point of conversation

(Shibata & Wada, 2011; Wada & Shibata, 2006). For healthy elders, engagement

with PARO for even just a short time increased positive affect (McGlynn, Kemple,

Mitzner, King, & Rogers, 2017). This is only one example of a social robot—there

are many more in development that are specifically targeted toward older adults

and this category of emerging technology holds promise for the future (Beer,

Mitzner, Stuck, & Rogers, 2015).

Likewise, AR and VR may enhance interpersonal socialization. AR allows for

the introduction of graphical interfaces, rendered objects, and other computer-

generated information to be inserted into one’s surroundings. Some smartphone

applications already have integrated AR-related features using the device’s camera

and head-worn devices (e.g., Microsoft HoloLens). These applications allow for the

integration of social media and other communication technologies to be holographi-

cally projected onto one’s surrounding environment.

Rather than simply inserting objects into one’s surrounding environment, VR

allows individuals to communicate, interact, and play in wholly virtual environ-

ments. These devices use head-mounted displays to present stereoscopic images to

the user, allowing for the perception of three-dimensional environments. In combi-

nation with an Internet connection, VR users can interact with others to play games,

partake in a wide-range of experiences, or communicate with friends or other users

in computer-generated environments as if they were in the same location. A number

of VR consumer devices have been recently released, that range from utilizing one’s

own VR-capable smartphone when inserted into a compatible headset (e.g.,

Samsung Gear VR), to devices that connect to desktop computers and allow for one

to traverse and interact in room-scale environments (e.g., HTC Vive, Oculus Rift).

The potential of these technologies for social engagement and communication is

only beginning to be understood, and will continue to mature over the coming years

as innovation continues and adoption rates increase. As shown by the emergence

and subsequent popularity of social networking applications such as Facebook,

Twitter, and Instagram, future applications developed to take advantage of such

novel technologies like AR or VR may impact social engagement in ways unimagin-

able at the current time.

The reduced necessity for physically being in a location to foster and maintain

social engagement may bring added benefits to those who are unable to travel to

social events. The impact of mobility challenges may be reduced, improving the

range of activities of which older adults may perform and, hopefully, leading to a

higher quality of life, both personally and socially. For current and future technol-

ogies to support social engagement, older adults have to be willing and able to

use them.
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Current dissemination of social engagement technologies

The digital divide

Although the adoption of technologies that promote socialization has been increas-

ing among older adults in recent years, an intergenerational “digital divide” still

exists (Anderson, 2015; Friemel, 2016). Younger generations consistently report

using the Internet, smartphones, and other related technologies at higher rates than

older adults (Smith, 2014). With regard to social networking sites (e.g., Facebook,

Twitter), only 35% of older adults (651) self-report using these social communica-

tion tools, in comparison to nearly 90% of younger adults (Perrin, 2015). However,

older adults’ use of these social engagement technologies has risen in recent years.

For example, only 2% of older adults used social networking sites just over a

decade ago (see Fig. 8.1), and smartphones have been increasingly adopted by the

older population as 30% owned such a device by 2015 (Anderson, 2015; Perrin,

2015). As it relates to Internet use more generally, older adults showed the greatest

rate of change from 2000 to 2015 out of any age group, increasing their adoption

rates from 14% to 58% (Perrin & Duggan, 2015) (see Fig. 8.2). So, although older

adults tend to be late-adopters to technologies in comparison to younger genera-

tions, the digital divide appears to be closing at least as it relates to various social

engagement technologies.

Age is not the only notable factor when it comes to the digital divide, as intra-

generational differences exist that may play an important role for older adults’ tech-

nology adoption. That is, even within older adult groups, those who use these

Figure 8.1 Social networking site use among different age groups from 2005 to 2015.

Source: The figure is a recreation of data from the Pew Research Center (Perrin, 2015). Data

from year 2007 were not collected.
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technologies tend to be more affluent, younger (i.e., less than 75), and more highly

educated than their counterparts (Smith, 2014). For example, regarding Internet

adoption, about 70% of older adults between the ages of 65�74 reported using the

Internet or email, whereas 42% of older adults above the age of 75 report doing so

(Smith, 2014). Thus, when understanding what may be hindering older adults from

using these technologies, it is fruitful to also consider the characteristics of those

who do choose to adopt them.

Benefits for older adults using social engagement technologies

As associations between social engagement and decreased cognitive, physical, and

psychological impairments have been commonly observed (e.g., Nyqvist, Pape,

Pellfolk, Forsman, & Wahlbeck, 2014; Yang et al., 2016), technologies that suc-

cessfully increase levels of social engagement should yield positive benefits. Most

of the research that has investigated the effects of the adoption and use of social

engagement technologies has focused on younger adults (e.g., Ellison et al., 2007).

Because different age groups may have divergent social needs and preferences,

applying results found in one age group to another can be problematic. As a result,

more research is needed to explore the direct benefits that use of various social

engagement technologies have for older adults specifically.

Though more research is required to draw definitive conclusions on the conse-

quences of social engagement technology use in older adults, the available research

does suggest a variety of benefits. For instance, general Internet use among older

Figure 8.2 Internet use among different age groups from 2000 to 2015.

Source: The figure is a recreation of data from the Pew Research Center (Perrin & Duggan,

2015).
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adults has been found to positively relate to one’s psychological well-being

(Cotten, Ford, Ford, & Hale, 2012; Shapira, Barak, & Gal, 2007; White et al.,

1999). Most current and emerging social engagement technologies rely on Internet

use, making adoption of the Internet a prerequisite for technologies such as email

or social networking sites. Any acquired benefits of general Internet use for older

adults will therefore likely raise the probability that particular social engagement

technologies will be tested and subsequently accepted by individual older adults.

Use of email and the Internet decreased loneliness for older adults who lived

alone and were at risk for social isolations. Czaja et al. (2015) designed a computer

system specifically for older adults called PRISM (Personal Reminder Information

and Social Management) (see also Czaja, Boot, Charness, Rogers, and Sharit,

2017). In a randomized clinical trial, they found that after 6 months of system use,

individuals who received the PRISM computer system had: significantly less loneli-

ness; increased perceived social support and well-being; a trend toward a decline in

social isolation; and an increase in computer self-efficacy, proficiency and comfort

with computers when compared to those in the control group. The most frequently

used function was email and the qualitative data showed that connecting with fam-

ily and friends was viewed as a benefit of the system.

Benefits for older adults specifically using social engagement technologies have

been demonstrated. For example, in a sample of adults, Facebook non-users

reported higher levels of loneliness compared to users of the social networking site

(Sheldon, 2012). However, the direction of causality in this study could not be

established—it could be that happier individuals are more likely to become users of

Facebook in the first place. In support of social networking site use providing men-

tal health benefits to older adult users, a qualitative study that consisted of an

Internet social networking intervention found that the use of a social networking

site resulted in older adults reporting less loneliness (Ballantyne, Trenwith,

Zubrinich, & Corlis, 2010). Furthermore, use of social networking sites have been

shown to relieve stress and increase feelings of “empowerment” in older adults (for

a review, see Leist, 2013), reduce the negative impact functional disability has on

well-being (van Ingen, Rains, & Wright, 2017), and increase feelings of social

well-being (Yu, Mccammon, Ellison, & Langa, 2016).

With the available research suggesting benefits of social engagement technology

use to maintain and/or increase an older adult’s social engagement and related

health outcomes, it is then important to better understand why the aforementioned

digital divide exists, and what might be influential regarding older adults’ decisions

to use these technologies.

Understanding technology use and acceptance predictors

To further design and improve the role technology can play in facilitating social

engagement in older adulthood, understanding the factors that contribute to the

adoption of information and communication technologies is necessary. Czaja et al.

(2006) assessed the characteristics and opinions of a sample of over 1,200 adults

between the ages of 18�91 to better understand the influence that many potential

factors might have in contributing to whether an individual chooses to use
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technologies such as a computer or the Internet. They found evidence supporting

the aforementioned age-related digital divide regarding technology use, with the

older adults in the sample reporting less acceptance of such technologies, as well as

the importance of cognitive ability relevant to learning to use novel technologies.

Moreover, the findings also portrayed the impact that self-efficacy, which is the

belief in one’s ability to achieve certain goals with directed action (Bandura, 1977),

has on technology use, and that this relationship was mediated by computer anxiety.

Essentially, if an older adult does not perceive themselves to be able to learn to use

technologies such as computers or the Internet, they may feel more anxious when

attempting to do so, potentially hindering such technology use. Although this study

further elucidated the contributions that many factors may have on older adults’ use

of various technologies, other factors may play important roles on these choices,

and multiple models related to technology adoption have been proposed in an

attempt to understand these variables.

Technology acceptance models

To understand the ability technology has to foster social engagement, a better

understanding of the factors that predict whether a given person will use a particular

technology is required. One general theory designed to address this issue is the

Technology Acceptance Model (TAM; Davis, 1989). According to TAM, intention

to use a particular technology can be predicted by the following two core con-

structs: perceived usefulness and perceived ease of use. Perceived usefulness refers

to the degree an individual believes using a technology would enhance his or her

performance. Perceived ease of use refers to the degree an individual believes using

a technology would be relatively free of effort. In an updated version of the model

(TAM 2; Venkatesh & Davis, 2000), three social influence processes were incorpo-

rated: (1) Whether an individual believes a subjective norm exists in using the tech-

nology, (2) Whether adopting the technology is being done on a voluntary or

mandatory basis, and (3) Whether adopting the technology is believed to improve

one’s image with peers.

The Unified Theory of Acceptance and Use of Technology (UTAUT;

Venkatesh, Morris, Davis, & Davis, 2003) was formulated to integrate elements

from prior well-known models of technology acceptance. The UTAUT consists of

the following four core constructs: (1) Performance Expectancy, which is defined

as whether using a technology is believed to lead to gains in performance; (2)

Effort Expectancy, which refers to the degree a technology is easy to use; (3) Social

Influence, whether an individual believes important others think the individual

should be using the technology; and (4) Facilitating Conditions, which is the extent

an individual believes an organizational or technical infrastructure exists to aid in

using the technology. In an updated version of the model (UTAUT2; Venkatesh,

Thong, & Xu, 2012), the following three constructs were incorporated to help

account for technology adoption in consumer contexts: hedonic motivation, price

value, and habit.

Chen and Chan (2014) recently proposed a technology acceptance model specifi-

cally geared toward older adults, the Senior Technology Acceptance Model
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(STAM). STAM extended prior technology acceptance models, such as the

UTAUT, by incorporating health and ability issues often found to be associated

with older adulthood. These additional factors included health conditions, cognitive

ability, physical functioning, as well as factors such as gerontechnology self-

efficacy and anxiety. Though future research is needed to further validate STAM,

the incorporation of individual attributes and abilities will be beneficial in providing

a theoretical account of technology acceptance in older adult samples in particular.

Factors contributing to the acceptance of social engagement
technologies by older adults

The technology acceptance models described earlier have been used to explain old-

er adults’ adoption and use of various social engagement technologies. For exam-

ple, perceived usefulness was the strongest unique predictor of intention to use

social networking sites among a sample of older adults (Braun, 2013). However,

perceived ease of use and social pressures to use social networking sites did not

independently predict intention to use. Thus, whether an older adult adopts and uses

a social engagement technology may be influenced by the extent that the person

perceives the technology to be providing a particular benefit or utility to his or her

life (for related findings, see Liu, 2015; Melenhorst, Rogers, & Bouwhuis, 2006).

Gaining a better understanding of the factors that contribute to the use or non-

use of social engagement technologies was the focus of a recent study by Bixter,

Prakash, Blocker, Mitzner, and Rogers (2016). In the study, older adult users and

non-users of social networking sites participated in group interviews in which their

perceptions of and attitudes toward these technologies were discussed. Using a

modified version of the UTAUT model to capture the qualitative data produced by

the group interviews, they found that performance expectancy was the category

most frequently discussed. However, the users and non-users differed in whether

they perceived these technologies as potentially providing benefits to their lives.

For the users, the following three themes emerged from the data: information shar-

ing, connection forming, and connection strengthening. The users focused on how

social networking sites allow people to share information easily and effectively, as

well as how these sites allow individuals to forge new social connections and

strengthen existing bonds. In contrast, for the non-users, the following two themes

emerged: time ineffectiveness and goal incongruity. Non-users focused on how

these sites would not be good uses of their time and how using the sites would actu-

ally conflict with their social goals (e.g., maintaining face-to-face social interac-

tion). These results helped elucidate the elements of social networking sites that

older adult users find beneficial and enjoyable, as well as the elements that older

adult non-users find disadvantageous. Further research along this line will help pro-

vide designers of social engagement technologies the ability to increase their user

base and address the needs and preferences of older adults, an age group that is pro-

jected to sharply increase in numbers in the coming decades.

Other factors that were discussed frequently during the group interviews con-

ducted by Bixter et al. (2016) were privacy and security concerns. These issues
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were discussed at comparable frequencies by both users and non-users, supporting

prior work that has shown privacy and security issues exerting negative influences

on older adults’ perceptions of social engagement technologies (e.g., Lüders &

Brandtzæg, 2017; Xie et al., 2012). These results are evidence that a perceived lack

of control over content shared online, as well as the prevalence of malicious indivi-

duals and software, is either a barrier for some older adults adopting a social

engagement technology in the first place, or a barrier for current users in enjoying

the technology to its fullest extent. As a result, designers of current and future

social engagement technologies will need to do more to not only combat security

threats, but also ensure that the safety of the technologies is being communicated

with users, particularly older adult users, clearly and effectively.

The role technology can play in combating barriers to social
engagement

Social engagement technologies hold the potential to mitigate the barriers to social

engagement that many older adults face—namely, physical, cognitive, and financial

challenges. These challenges can impede older adults’ ability to fulfill their social

needs and, as a result, negatively affect quality of life. The unique role that technol-

ogy can play in supporting and facilitating social engagement in older adulthood

stems from its ability to provide individual older adults a powerful tool to overcome

particular barriers they may experience as they age.

Physical challenges such as increased immobility can make traveling and partici-

pating in social events difficult for many older adults. Social engagement technolo-

gies allow individual older adults to remain socially active from the comforts of their

own home through the use of the Internet and the various devices geared toward

facilitating social interaction. Thus, no matter the distance between an older adult

and the people with whom they want to communicate, they may be better able to

retain the social connections that they highly value. Furthermore, with the develop-

ment of televideo technologies such as Skype, the experience of face-to-face social

interaction is increasingly being captured through technical means. Moreover, the

variety in types of communication that technology allows provides benefits for indi-

vidual older adults afflicted by a particular physical challenge. For instance, older

adults who are experiencing sensory/perceptual impairments such as extreme hearing

loss are able to communicate with others through text-based communication technol-

ogies without the difficulties that can accompany verbal interaction.

Cognitive-related challenges can negatively affect one’s ability to remain

socially engaged. For example, due to memory-related impairments that afflict cer-

tain older adults, successfully maintaining ongoing interpersonal communication

with others can be difficult. In fact, in the group interviews carried out by Bixter

et al. (2016), in which older adults discussed their perceptions of and attitudes

toward particular social engagement technologies, the ability for communication

and information to be documented and stored was a benefit that was often dis-

cussed. Using technology can provide direct cognitive benefits to users as well. For
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instance, Slegers, van Boxtel, and Jolles (2012) found that computer use had a pro-

tective effect in older adults for cognitive functions such as selective attention and

memory. As a result, the adoption and use of social engagement technologies can

serve a dual purpose by affording individual older adults the ability to maintain

both a cognitively and socially stimulating lifestyle.

Maintaining a socially engaged lifestyle can often be costly. One of the benefits

of technology for older adults relates to the ability for individuals to maintain high

levels of social interaction at little-to-no additional financial cost. Many social net-

working sites and related applications are free to join, essentially eliminating the

previously high cost of long-distance communication (e.g., long-distance telephone

calls). Of course, some technologies can be financially expensive, particularly ones

at an earlier stage of development or dissemination. However, as technological

progress continues, devices and services that support social engagement and com-

munication are rapidly dropping in price. Computers and smartphones that used to

be exceedingly expensive and only within the financial reach of a privileged few

are now more affordable. This high level of innovation and consequential reduction

in costs have led certain technologies to be disseminated and adopted at high rates

over the past few years, including by the older adult population.

For older adults to continue to benefit from the advancements made in social

engagement technologies, their needs and capabilities must be considered during

the design and innovation process. The result would not only be a reduction in the

digital divide between younger and older adults, but the further accrual of material

benefits in older adults’ ability to stay socially active as well as experience associ-

ated increases in quality of life.

Recommendations for social engagement technologies

General design guidelines

Design of social engagement technologies should proceed similarly to design of any

product or system with which people will interact. Follow the fundamental principles

of design that have emerged from decades of research in the fields of human factors,

human-automation interaction, human-robot interaction, and human-technology inter-

action (for reviews see Salvendy, 2012). When designing for older adult users, their

specific considerations need to be incorporated (e.g., Fisk, Rogers, Charness,

Czaja, & Sharit, 2009; Pak & McLaughlin, 2010; Rogers & Mitzner, 2017b).

Successful design (i.e., technologies integrated into the lives of people) will ben-

efit from user-centered design (see Fisk et al., 2009; for more details). This process

adheres to four principles of design:

1. Early focus on the user and the tasks the user will be performing, which often requires a

task analysis.

2. Empirical measurement using questionnaires and surveys as well as usability testing stud-

ies that rely on observations and quantitative or qualitative performance data.
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3. Iterative design and testing, which often requires the development of prototypes of

products or system interfaces to support rapid development cycles and performing

cost�benefit analyses to support tradeoff decisions.

4. Integrated design, wherein all aspects of the usability design process evolve in parallel,

and are generally under the coordination of a single person.

A further extension of the idea of user-centered design is universal (or inclusive)

design (Sanford, 2012), whereby products or environments are designed that are flexi-

ble enough to be usable by people with no limitations as well as by people with func-

tional limitations related to disabilities or due to circumstances. In principle, good

universal design benefits everyone and thus, would benefit many more people without

disabilities than those with disabilities (e.g., those who are blind, cannot speak, can-

not hear, or have learning disabilities) or those whose limitations are due to other rea-

sons (e.g., those whose hands are temporarily occupied, cannot hear due to a noisy

environment, or those who are very young or very old). Designing for older people

can, similar to designs intended for accommodating people with functional limita-

tions, also provide insights into designs that benefit all users.

Design guidelines specific to social engagement for older adults

In addition to following the standard human factors guidance for design, the specific

context of social engagement will influence design considerations (e.g., Jaeger & Xie,

2009). As in many contexts, there are individual differences in preferences—herein

instantiated in terms of types, frequency, and breadth of interactions; technology plat-

form and other experience; tolerance for privacy and security risks; and so on.

Analysis of the barriers to use for older adults and current social engagement

technologies can provide guidance as well. For example, Leist (2013) discussed

some ways social engagement technologies can be improved to better suit the needs

of older adults. Some sites can be overwhelming in the amount of applications,

menus, etc., available to a new user, and preselecting functions or content to be

available to different users could help with usability. However, at the same time,

designers should not give in to ageist stereotypes and overly restrict the content

available to older adult users. This could lead older adult users to assume a passive

role in their engagement with the technology or prevent them from experiencing

certain elements of the technology that they may enjoy. Leist (2013) concluded that

design solutions will be strengthened through better understanding of the specific

elements of social engagement technologies older adults are interested in.

Training and instruction

Older adults have more limited experience with social engagement technologies

(such as social networking sites) compared to younger adults. As research summa-

rized above demonstrated, older adults were more likely to adopt a communication

technology the more personally relevant they found the technology or the perceived

benefits associated with use of the technology. As a result, training might be more

successful with older adults if it first focuses on older adults using either a site or
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part of a site that focuses on personally relevant topics. Nimrod (2010) provided

some examples of online communities designed specifically for older adults (e.g.,

SeniorNet). Once individual older adults become more comfortable with personally

relevant applications, they may become better equipped to explore sites or applica-

tions which are broader in scope and content (e.g., Facebook).

As a group, older adults prefer to receive guidance (i.e., instruction and training)

to use new technologies, rather than to try it on their own (e.g., Mitzner et al.,

2008). There are resources available for design of training specific to technology

use by older adults (e.g., Rogers, Campbell, & Pak, 2001) or for broader age-

related training considerations (e.g., Czaja & Sharit, 2012). However, the training/

instruction need not be formal—older adults reported that they also liked receiving

training from family members and friends (Mitzner et al., 2008).

Conclusion

Social engagement is a fundamental component of life quality. Of course, people

differ in their preferred levels of engagement (with whom, for how long, engaging

in what activities). Nonetheless, measures of social engagement are correlated

with various measures of physical health, mental health, life quality, and even

mortality—as we have reviewed in this chapter. Technology designers have an

opportunity to design products, applications, robots, and other innovations that

will enable social engagement—either by being engaging themselves, or by serv-

ing as a medium of engagement between people.

Older adults are willing and able to use technologies for social engagement, but,

as a whole, they are slower to adopt and report some reticence related to usefulness,

usability, privacy, and security. Moreover, older adults may not be targeted as

potential users during the design process and thus their capabilities, limitations, and

preferences may not be considered into the final implementation.

Our goal in this chapter was to provide an overview of: the importance of social

engagement; the potential for technology to enable and enhance such engagement;

the characteristics of older adults that should be considered during design; and an

overview of current social-related technologies for older adults. Given the changing

demographics (i.e., number of people over age 65 worldwide) and changing life-

styles (i.e., people likely to live alone and/or geographically dispersed from family),

the need for social engagement supports will only increase in the future (Rogers &

Mitzner, 2017a). Designing technology with consideration of and involvement by

older adults will yield more positive outcomes—and ultimately higher life quality.
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Gerstorf, D., Hoppmann, C. A., Löckenhoff, C. E., Infurna, F. J., Schupp, J., Wagner, G. G., &

Ram, N. (2016). Terminal decline in well-being: The role of social orientation.

Psychology and Aging, 31(2), 149�165.

Gigante, M. A. (1993). Virtual Reality: Definitions, history, and applications. In R. A.

Earnshaw, M. A. Gigante, & H. Jones (Eds.), Virtual reality systems (pp. 3�14).

London: Academic Press.

Giles, L. C., Glonek, G. F. V., Luszcz, M. A., & Andrews, G. R. (2005). Effect of social net-

works on 10 year survival in very old Australians: The Australian longitudinal study of

aging. Journal of Epidemiology & Community Health, 59, 574�579.

Glass, T. A., de Leon, C. F. M., Bassuk, S. S., & Berkman, L. F. (2006). Social engagement

and depressive symptoms in late life: Longitudinal findings. Journal of Aging and

Health, 18(4), 604�628.

Golden, J., Conroy, R. M., & Lawlor, B. A. (2009). Social support network structure in older

people: Underlying dimensions and association with psychological and physical health.

Psychology, Health & Medicine, 14(3), 280�290.

Greiner, P. A., Snowdon, D. A., & Schmitt, F. A. (1996). The loss of independence in activi-

ties of daily living: The role of low normal cognitive function in elderly nuns. American

Journal of Public Health, 86(1), 62�66.

Grigsby, J., Kaye, K., Baxter, J., Shetterly, S. M., & Hamman, R. F. (1998). Executive cogni-

tive abilities and functional status among community-dwelling older persons in the San

Luis Valley Health and Aging Study. Journal of the American Geriatrics Society, 46(5),

590�596.

Gruber, J., & Wise, D. A. (1999). Social security programs and retirement around the world.

Research in Labor Economics, 18, 1�40.

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and aging: A review

and a new view. Psychology of Learning and Motivation, 22, 193�225.

Heinrichs, M., Baumgartner, T., Kirschbaum, C., & Ehlert, U. (2003). Social support and

oxytocin interact to suppress cortisol and subjective responses to psychosocial stress.

Biological Psychiatry, 54, 1389�1398.

Hermes, G. L., Delgado, B., Tretiakova, M., Cavigelli, S. A., Krausz, T., Conzen, S. D., &

McClintock, M. K. (2009). Social isolation dysregulates endocrine and behavioral stress

while increasing malignant burden of spontaneous mammary tumors. PNAS, 106(52),

22393�22398.

208 Aging, Technology and Health

http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref56
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref56
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref56
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref56
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref57
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref57
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref57
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref57
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref58
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref58
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref58
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref59
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref59
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref59
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref60
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref60
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref60
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref60
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref61
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref61
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref61
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref61
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref61
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref62
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref63
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref64
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref65
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref66
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref67
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref68
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref69
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref69
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref69
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref70
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref70
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref70
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref71
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref71
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref71
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref71
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref72
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref72


Hertz, E., Hebert, J. R., & Landon, J. (1994). Social and environmental factors and life

expectancy, infant mortality, and maternal mortality rates: Results of a cross-national

comparison. Social Science & Medicine, 39(1), 105�114.

Hogeboom, D. L., McDermott, R. J., Perrin, K. M., Osman, H., & Bell-Ellison, B. A. (2010).

Internet use and social networking among middle aged and older adults. Educational

Gerontology, 36, 93�111.

Holt-Lunstad, J., Smith, T. B., Baker, M., Harris, T., & Stephenson, D. (2015). Loneliness

and social isolation as risk factors for mortality: A meta-analytic review. Perspectives

on Psychological Science, 10(2), 227�237.

Holt-Lunstad, J., Smith, T. B., & Layton, J. B. (2010). Social relationships and mortality

risk: A meta-analytic review. PLoS Medicine, 7(7), e1000316.

Holtzman, R. E., Rebok, G. W., Saczynski, J. S., Kouzis, A. C., Doyle, K. W., & Eaton,

W. W. (2004). Social network characteristics and cognition in middle-aged and older

adults. Journal of Gerontology: Psychological Sciences, 59B(6), P278�P284.

Huxhold, O., Fiori, K. L., & Windsor, T. D. (2013). The dynamic interplay of social network

characteristics, subjective well-being, and health: The costs and benefits of socio-

emotional selectivity. Psychology and Aging, 28(1), 3�16.

van Ingen, E., Rains, S. A., & Wright, K. B. (2017). Does social network site use buffer

against well-being loss when older adults face reduced functional ability? Computers in

Human Behavior, 70, 168�177.

Jaeger, P. T., & Xie, B. (2009). Developing online community accessibility guidelines for

persons with disabilities and older adults. Journal of Disability Policy Studies, 20(1),

55�63.

de Jong Gierveld, J., & van Tilburg, T. (1999). Living arrangements of older adults in the

Netherlands and Italy: Coresidence values and behavior and their consequences for lone-

liness. Journal of Cross-Cultural Gerontology, 14(1), 1�24.

Kamiya, Y., Whelan, B., Timonen, V., & Kenny, R. A. (2010). The differential impact of

subjective and objective aspects of social engagement on cardiovascular risk factors.

BMC Geriatrics, 10, 81.

Katz, S. (1983). Assessing self-maintenance: Activities of daily living, mobility, and instru-

mental activities of daily living. Journal of the American Geriatrics Society, 31(12),

721�727.

Kawachi, I., Kennedy, B. P., & Glass, R. (1999). Social capital and self-rated health: A con-

textual analysis. American Journal of Public Health, 89(8), 1187�1193.

Kearns, A., Whitley, E., Tannahill, C., & Ellaway, A. (2015). Loneliness, social relations and

health and well-being in deprived communities. Psychology, Health & Medicine, 20(3),

332�344.

Kiely, D. K., & Flacker, J. M. (2003). The protective effect of social engagement on 1-year

mortality in a long-stay nursing home population. Journal of Clinical Epidemiology,

56(5), 472�478.

Kiely, D. K., Simon, S. E., Jones, R. N., & Morris, J. N. (2000). The protective effect of

social engagement on mortality in long-term care. Journal of the American Geriatrics

Society, 48, 1367�1372.

Kim, J.-H., Lee, S. G., Kim, T.-H., Choi, Y., Lee, Y., & Park, E.-C. (2016). Influence of

social engagement on mortality in Korea: Analysis of the Korean Longitudinal Study of

Aging (2006�2012). Journal of Korean Medical Science, 31(7), 1020�1026.

King, D. (2008). Neighborhood and individual factors in activity in older adults: Results

from the Neighborhood and Senior Health Study. Journal of Aging and Physical

Activity, 16(2), 144�170.

209Enhancing social engagement of older adults through technology

http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref73
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref74
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref75
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref76
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref76
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref77
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref78
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref79
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref80
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref80
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref80
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref80
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref81
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref82
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref83
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref84
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref85
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref86
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref87
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref88
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref89
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref89
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref89
http://refhub.elsevier.com/B978-0-12-811272-4.00008-7/sbref89


Kotwal, A. A., Kim, J., Waite, L., & Dale, W. (2016). Social function and cognitive status:

Results from a US nationally representative survey of older adults. Journal of General

Internal Medicine, 31(8), 854�862.

Krueger, K. R., Wilson, R. S., Kamenetsky, J. M., Barnes, L. L., Bienias, J. L., & Bennett,

D. A. (2009). Social engagement and cognitive function in old age. Experimental Aging

Research, 35, 45�60.

Kuiper, J. S., Zuidersma, M., Oude Voshaar, R. C., Zuidema, S. U., van den Heuvel, E. R.,

Stolk, R. P., & Smidt, N. (2015). Social relationships and risk of dementia: A systematic

review and meta-analysis of longitudinal cohort studies. Ageing Research Reviews, 22,

39�57.

Kurina, L. M., Knutson, K. L., Hawkley, L. C., Cacioppo, J. T., Lauderdale, D. S., & Ober, C.

(2011). Loneliness is associated with sleep fragmentation in a communal society. Sleep,

34(11), 1519�1526.

Leist, A. K. (2013). Social media use of older adults: A mini-review. Gerontology, 59,

378�384.

Leyden, K. M. (2003). Social capital and the built environment: The importance of walkable

neighborhoods. American Journal of Public Health, 93(9), 1546�1551.

Lin, F. R., Thorpe, R., Gordon-Salant, S., & Ferrucci, L. (2011). Hearing loss prevalence and

risk factors among older adults in the United States. The Journals of Gerontology Series

A: Biological Sciences and Medical Sciences, 66(5), 582�590.

Lin, F. R., Yaffe, K., Xia, J., Xue, Q. L., Harris, T. B., Purchase-Helzner, E., Satterfield, S.,

Ayonayon, H. N., Ferrucci, L., & Simonsick, S. (2013). Hearing loss and cognitive

decline in older adults. JAMA Internal Medicine, 173(4), 293�299.

Litwin, H. (2001). Social network type and morale in old age. The Gerontologist, 41(4),

516�524.

Litwin, H., & Shiovitz-Ezra, S. (2011). Social network type and subjective well-being in a

national sample of older-Americans. The Gerontologist, 51(3), 379�388.

Liu, W. (2015). A hybrid model for explaining older adults’ continuance intention toward

SNSs. International Journal of Smart Home, 9(1), 93�102.

Lovelace, E. A., & Twohig, P. T. (1990). Healthy older adults’ perceptions of their memory

functioning and use of mnemonics. Bulletin of the Psychonomic Society, 28(2),

115�118.

Lubben, J., Blozik, E., Gillmann, G., Iliffe, S., Kruse, W. V. R., Beck, J. C., & Stuck, A. E.

(2006). Performance of an abbreviated version of the Lubben Social Network Scale

among three European community-dwelling older adult populations. The Gerontologist,

46(4), 503�513.

Lusardi, A., & Mitchell, O. S. (2007a). Baby Boomer retirement security: The roles of plan-

ning, financial literacy, and housing wealth. Journal of Monetary Economics, 54(1),

205�224.

Lusardi, A., & Mitchell, O. S. (2007b). Financial literacy and retirement preparedness:

Evidence and implications for financial education. Business Economics, 42(1), 35�44.

Lutgendorf, S. K., Sood, A. K., Anderson, B., McGinn, S., Maiseri, H., Dao, M., . . .
Lubaroff, D. M. (2005). Social support, psychosocial distress, and natural killer cell

activity in ovarian cancer. Journal of Clinical Oncology, 23(28), 7105�7113.
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The rapid change in technology over the past decade has not only made virtual tools

handy, but is also causing a greater cohort gap between different age groups, partic-

ularly between children, their middle-aged parents and their older grandparents.

The advent of iPhone in 2007 brought forth not merely accessibility, but also popu-

larity to mobile virtual tools, particularly to app-based games and learning tools.

These virtual tools have proven to be efficient learning tools for children and youn-

ger adults, when compared to traditional classroom-based learning (van Doorn &

van Doorn, 2014; Finlay, Desmet, & Evans, 2004). But little is known about the

efficacy of these virtual tools in enhancing learning experiences in adults over the

age of 60. Although children and younger adults have eagerly latched onto these

learning tools and games, older adults have been more reluctant to adapt to this

shift in lifestyle. When learning to use virtual tools, such as smart phones and com-

puters, older adults must utilize active learning process (Chan, Haber, Drew, &

Park, 2014), which is an important component of most intervention studies aimed

to slow down age-related cognitive declines. We hypothesize that these tools will

not merely be effective in teaching novel skills to older adults, but may also be

effective in strengthening cognitive abilities in older adults. But not all virtual tools

are created equal. It is therefore possible that only a few specific types of virtual

tools may be beneficial in strengthening cognition in elderly.

The average life expectancy in the United States is increasing (Beller, 2013). As

a result, the number of older adults with age-related neurodegenerative illnesses

requiring continuous patient care is rapidly growing (Alzheimer’s Association,

2015; Hebert, Weuve, Scherr, & Evans, 2013). Moreover, although there is contin-

ual shift in the life expectancy, but there has been almost no shift in the average

age of onset of age-related neurodegenerative illnesses, including Alzheimer’s dis-

ease (AD; Sperling et al., 2011). The increase in the number of people with demen-

tia or AD creates a burden not only on the affected individual and his/her

immediate family, but also on the society. If we continue to stay on the current

course of aging and age-related neurodegenerative illnesses, it is expected that the

national cost of caring for individuals with AD will increase to a staggering $1 tril-

lion by 2050 in the United States (http://www.alz.org). This can bankrupt our medi-

cal system. Therefore, one of our greatest contemporary challenges is to deploy

effective cognitive interventions not only when we are aging successfully, but also
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at the earliest signs of age-related neuropathology. We will, in this chapter, review

one such proposed intervention mode which uses virtual tool-based cognitive

training.

Cognitive declines in healthy aging and MCI

The most common complaints heard from older adults are regarding their memory

lapses (McGillivray & Castel, 2010), such as forgetting where personal things are

kept or confusing names of people. Such memory lapses can lead to socially embar-

rassing situations, and affect the mental well-being of the individual. Older adults

also complain about inability to multitask or inefficiently perform complex real-

world tasks, such as driving. In fact, older drivers over the age of 80 have the same

crash rate per mile as younger drivers in their early 20s (Teftt, 2012). Thus,

the subjective complaints of older adults are pronounced for two cognitive

domains—episodic memory (e.g., recalling events) and executive functions (e.g.,

multitasking). Episodic memory refers to memories for past events, people and

episodes (Tulving, 1972)—e.g., recalling vignettes in a story in the correct order,

where each episode is linked to the subsequent episode. Executive functions refer

to set of cognitive processes that require cognitive control of behaviors to success-

fully attain a goal. Three fundamental aspects of executive functions are inhibitory

control (e.g., self-control, selective attention and resisting distractors), cognitive

flexibility (e.g., switching from one task to another during multitasking, thinking of

novel creative solutions), and working memory (maintaining and coordinating mul-

tiple information units simultaneously in mind) (Basak & Verhaeghen, 2011a,

2011b; Diamond, 2013; Miyake et al., 2000; Verhaeghen, Cerella, Bopp, & Basak,

2005). Deficits in episodic memory or executive functions are detrimental to the

lives of the affected individuals. Such cognitive deficits may be caused by a disease

or an accident, but the most common cause of deficits in memory and executive

functions is chronological aging. Although cross-sectional data show a steady, grad-

ual difference among different age cohorts in both of these cognitive domains, the

actual episodic memory declines, as evidenced in longitudinal data, are visible only

after 60 years of age, even after adjusting for practice effects (Rönnlund, Nyberg,

Bäckman, & Nilsson, 2005).

It is well documented that after 60 years of age, our episodic memory, executive

functioning, and reasoning skills decline steadily. In contrast, general knowledge,

vocabulary, and semantic memory remain relatively stable or even show some

increments during middle age till 55 years (Park et al., 2002; Rönnlund et al., 2005;

Salthouse, 2010). Importantly, episodic memory, but not executive functions or rea-

soning, declines rapidly 3�4 years prior to diagnosis of mild cognitive impairment

(MCI), compared to normal aging (Howieson et al., 2008). Fig. 9.1 shows our

hypothesized model of progression from healthy aging to AD, involving four stages.

These stages are: healthy aging, preclinical phase, MCI and AD. The preclinical

phase, 3�4 years prior to MCI diagnosis, is neither marked by any striking brain
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pathology (Jack et al., 2013; Sperling et al., 2011) nor by accelerated declines in

other age-sensitive cognitive abilities, such as executive functions or reasoning

(Park et al., 2002). The detection, therefore, of this preclinical phase is extremely

difficult, unless sensitive cognitive measures are used for evaluation. The MCI

stage, in contrast, is marked by an accelerated decline not only in the episodic

memory, but also in executive functions and reasoning. In other words, MCI and

Figure 9.1 A model of progression to Alzheimer’s Disease (AD) from healthy aging, which

involves four stages.

Figure 9.2 Hypothetical trajectory of age-related cognitive decline and progression to

Alzheimer’s Disease (AD) from in older adults.
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the preclinical phase differ with respect to the global cognitive declines, which are

observable only in MCI stage. Fig. 9.2 displays a hypothetical trajectory of cogni-

tive declines with the different stages of aging. These broader and

detectable cognitive declines in MCI are accompanied with observable brain pathol-

ogy, particularly in medial temporal lobes (MTLs) and frontoparietal brain regions.

MTL serves episodic memory, whereas the frontoparietal regions serve executive

functioning and reasoning (Nyberg, Mclntosh, Houle, Nilsson, & Tulving, 1996;

Naghavi & Nyberg, 2005). Importantly, about 20% of patients diagnosed with MCI

convert to AD within 1 year and over 33% over 5 years (Ward, Tardiff, Dye, &

Arrighi, 2013). AD is initially marked by severe memory loss, followed by loss of

personality and mood leading to a complete loss of life independency. AD is also

accompanied initially by a severe cortical atrophy, with severe tissue loss in

memory-related areas, such as MTL and frontoparietal brain regions. Gradually,

most of the cortex is severely affected causing loss of speech and communication.

It is, therefore, extremely important to implement interventions that can maintain,

and hopefully even improve, not only memory but also executive functions and

everyday functioning through late adulthood.

Behavioral interventions to enhance cognition

In general, behavioral intervention studies fall into three categories: physical inter-

vention, cognitive intervention, and social engagement. Of these three, the effects

of physical and cognitive interventions on cognition have been studied most, with

social engagement often used as a placebo. Metaanalytic studies on physical

interventions, which have compared different types of physical exercises, such as

aerobic (walking, bicycling, etc.), anaerobic (toning and stretching), and strength-

training, have found aerobic interventions to be most beneficial in improving cogni-

tion in both healthy older adults and patients with dementia (Colcombe & Kramer,

2003; Heyn, Aberu, & Ottenbacher, 2004). In healthy older adults, the effect size of

cognitive improvements for the physical fitness training group was moderate

(Hedge’s g5 0.48); this effect size was small for the control group (Hedge’s

g5 0.16) (Colcombe & Kramer, 2003). In patients with MCI and dementia, the

effect size of cognitive improvements for the physical fitness training group was

moderate (Hedge’s g5 0.57), but the effects for control group were not reported

(Heyn, Aberu, & Ottenbacher, 2004). Strength training has also been found to be

beneficial in improving executive functions in healthy older adults (Liu-Ambrose

et al., 2010), though more studies are required before drawing conclusions.

Although physical interventions are effective in improving cognition in older

adults, physical exercise can be potentially dangerous to frail older adults.

Moreover, adherence to physical exercise regimens is challenging even in younger

adults, as evidenced from high gym attendance in January of any given year,

driven plausibly by new year resolutions, to subsequent drop-outs in attendance

and gym memberships within a few months (Watts, 2012). In contrast,
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development of smart devices and other virtual game-like tools has made cogni-

tive interventions not only engaging, but also accessible to sedentary older adults,

who can now participate in an intervention program from the comfort of their

own homes.

Increasing popularity of cognitive interventions has resulted in commercial cor-

porations creating “brain games” with claims of enhancing and training our brains,

with little evidence of brain plasticity. Use of these commercial “brain training”

products, some with exaggerated claims about the degree of transfer and brain

changes, have led to recent criticism and scrutiny of cognitive training. One of the

main goals of cognitive training is not only to establish improvements in skills simi-

lar to the trained task, i.e., near transfer, but also to evaluate the extent to which

the training can engender broad improvements in untrained skills, i.e., far transfer.

In 2014, two groups of scientists published open letters debating the effects of cog-

nitive training, particularly the so-called brain games (www.cognitive-trainingdata.

org). A comprehensive literature review on the effectiveness of brain games was

recently published (Simons et al., 2016) where the authors concluded that most cog-

nitive training studies showed small to moderate effects on improvements in the

trained cognitive functions (near transfer), and that the corporation-developed brain

games showed small effects of improvements to near transfer tasks, but there is lit-

tle evidence of far transfer to tasks that are very different from the trained games.

Moreover, many cognitive intervention studies did not follow strict clinical trial

protocols, such as, having an active control group, or randomizing participants into

the training group and the control group. Early cognitive interventions have focused

on the improvement of cognition in the trained group only. Such experimental

design was soon criticized due to the confounding test�retest, or practice, effects.

Later studies then started to incorporate characteristics of rigid clinical trials by

having one or more control groups that were either passive (a test�retest group) or

active (a placebo group engaged in some activity), as well as by randomizing parti-

cipants into the training or the control groups (e.g., Basak, Voss, Boot, & Kramer,

2008).

Today, most cognitive intervention studies are randomized controlled trials

(RCTs), to the extent that a metaanalysis was conducted only on the RCTs that

used computer-based cognitive training in healthy older adults (Lampit, Hallock, &

Valenzuela, 2014). The result of this metaanalysis suggests a significant, but small,

effect (Hedge’s g5 0.22) of improvements in the training group on overall cogni-

tion. This result is not conclusive because improvements in the control group on

overall cognition was not reported. Therefore, the cognitive changes in the training

group cannot be compared to that of the control group. This issue is remedied in

our recent metaanalyses (Basak, Qin, & O’Connell, submitted for publication),

where the cognitive training using RCT protocols yielded significantly greater bene-

fits to overall cognition than the control groups. Importantly, metaanalysis on cog-

nitive interventions in MCI patients, though not limited to RCTs, has found a

moderate effect (Hedge’s g5 0.41) of cognitive training on improving cognition,

compared to the negligible effects (Hedge’s g520.02) on the age-matched con-

trols (Li et al., 2011).
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To summarize, systematic reviews on cognitive and physical interventions indi-

cate that both types of interventions improve cognition in both healthy older adults

(Lampit et al., 2014; Colcombe & Kramer, 2003) as well as MCI patients (Li et al.,

2011; Heyn, Aberu, & Ottenbacher, 2004). Physical interventions seem to yield a

larger effect on overall cognition than cognitive interventions in healthy older

adults (0.48 vs 0.22), but this could be due to an artifact from the lack of rigor in

the physical intervention metaanalysis (Colcombe & Kramer, 2003), where studies

were not limited to RCTs. Moreover, physical interventions are usually most effec-

tive on cognition only after long training duration (greater than 6 months;

Colcombe & Kramer, 2003). In contrast, cognitive training studies are of shorter

durations, with most training lasting for 20 hours or less (Lampit et al., 2014). The

two metaanalyses conducted on the MCI patients, one on physical interventions and

another on cognitive interventions, lacked the rigor of limiting the studies to RCTs.

In this case, both types of intervention yielded similar moderate benefits to cogni-

tion. Therefore, it is premature to conclude that physical interventions are more

superior to cognitive intervention in elderly, unless a comprehensive metaanalysis

is conducted that explicitly compares these effects in RCTs.

Most of these interventions reported in the metaanalyses have utilized traditional

training tools. For example, cognitive intervention studies have used paper-pencil based

or computer-based laboratory cognitive tasks, while physical intervention studies have

used regular gym machines with supervision. With advancement of technology,

especially with the development of smart devices, recent intervention studies have

started to utilize virtual tools to improve cognition in older adults. We will therefore

focus in the rest of this chapter on reviewing recent cognitive and physical RCTs that

have used virtual tools to improve cognition in healthy older adults and MCI patients.

Cognitive interventions using virtual tools

The most common virtual cognitive intervention tool is video game. Early RCTs

using first generation video games such as the Pacman and Tetris suggested that

playing such games could improve processing speed in heathy older adults com-

pared to controls (Belchior et al., 2013; Dustman, Emmerson, Steinhaus, Shearer, &

Dustman, 1992). RCTs using more complex real-time strategy games (e.g., Rise of

Nation, World of Warcraft) found that healthy older adults in the training group

showed significant gains in attention (Whitlock, McLaughlin, & Allaire, 2012),

working memory, executive functions and short-term memory (Basak et al., 2008),

compared to those in the control group. Simple music game (Kim et al., 2015a,

2015b) has also been effective in improving executive function in healthy older

adults, compared to controls. Results for action video games have been inconsistent:

the Nintendo DS Mario Kart has resulted in no significant cognitive improvement

in healthy older adults (Boot et al., 2013), while Medal of Honor has been found to

improve selective attention in healthy older adults (Belchior et al., 2013), compared

to the age-matched healthy controls.

While some researchers used off-the-shelf video games, some others have devel-

oped their own games to target cognitive declines in older adults. Space Fortress is
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one such example of an in-lab developed multicomponent video game that has been

shown to improve executive functions in healthy older adults, compared to both

passive and active controls (Stern et al., 2011). van Muijden and colleagues (2012)

developed a series of short-play computer games, often referred to as “casual

games,” and found that healthy older adults trained on all of these games improved

in executive functions more than the active controls, who were not playing any

casual games. Another study found lab-developed multicomponent game to be

more effective in improving attention and working memory in healthy older adults

than single-component game (Anguera et al., 2013). In short, video games that

employ multiple cognitive components, either simultaneously (Anguera et al., 2013;

Basak et al., 2008; Stern et al., 2011) or sequentially (van Muijden et al., 2012), are

more effective in improving executive functions in healthy older adults.

Aside from off-the shelf and laboratory video games, many commercially avail-

able “brain training” packages have been used in cognitive intervention studies. In

healthy older adults, training with Posit Science programs showed improvements in

both episodic memory and attention, compared to controls (Smith et al., 2009). An

intervention study using Lumosity programs found that trained healthy older adults

improved in executive functions compared to controls (Mayas, Parmentier,

Andrés, & Ballesteros, 2014). Another intervention study using Lumosity programs

in healthy older adults found improvements in selective attention, processing speed

and episodic memory, but not in working memory and executive functions

(Ballesteros et al., 2014). In MCI patients, training on such programs has shown

improvements in episodic memory (Posit Science, Barnes et al., 2009; Rosen,

Sugiura, Kramer, Whitfield-Gabrieli, & Gabrieli, 2011; Complete Brain Workout,

Stavros, Fotini, & Magda, 2010), attention (Lumosity, Finn & McDonald, 2011;

Complete Brain Workout, Stavros et al., 2010), and verbal fluency (Complete Brain

Workout, Stavros et al., 2010). Both Posit Science’s and Lumosity’s websites pro-

vide detailed scientific background materials and citations to scientific literature,

but both make claims about effectiveness of their products not only on cognition

but also on “brain training.” It is important to note that Lumosity program uses

laboratory-based tasks of executive function, attention and working memory.

Therefore, the findings from Lumosity can be considered evidence for near transfer

at best. In contrast, improvements in episodic memory can be considered evidence

for far transfer, because the training protocol (e.g., Posit Science) did not involve

measures of episodic memory.

Most of the above mentioned cognitive interventions have used personal compu-

ters and internet as the training tools. Some researchers, with technology advance-

ment, have adapted other devices as cognitive intervention tools for healthy older

adults and MCI patients. compared a tablet-based cognitive training to robot-

assisted cognitive training in healthy older adults, but they found that robot-assisted

cognitive training was not superior to the tablet-based training. Two recent inter-

vention studies with MCI patients have utilized the new virtual reality (VR) tech-

nology. One study had participants looking at moving objects (e.g., a moving swing

or a flying seagull) in the VR world, and compared this group to an active control

group which underwent musical therapy (Optale et al., 2010). Cognition was
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assessed at two time points: Before the training (baseline) and 6 months after the

training. The main interest was to evaluate the difference between the two MCI

groups (VR vs Music therapy) regarding their changes in cognition from baseline to

6 months after the training. Regarding general cognitive functioning, the VR group

improved in mini-mental status examination (MMSE) but not in Mental Status in

Neurology, compared to the controls. The VR group improved significantly more

than the control group in measures of verbal short-term memory and verbal episodic

memory, but no differential improvements were observed in tasks of executive

functions, visuospatial processing, and daily living activities. In the other study,

MCI patients underwent episodic memory training that was either VR immersed or

was therapist led on paper-pencil tasks (Man, Chung, & Lee, 2012). Both groups

showed equivalence in encoding objects in their memory, but the VR group outper-

formed in both immediate and delayed retrieval of the encoded objects. In sum-

mary, VR technology has been found to be more effective than other approaches in

improving both short-term memory and long-term episodic memory in MCI

patients, who suffer specifically from marked memory-impairments.

Based on the literature reviewed, we conclude that cognitive intervention studies

using virtual tools have been effective in improving cognitive functions in both

healthy older adults and MCI patients. However, retention of such improvements

over long term (e.g., months after completion of the training) has not been thor-

oughly investigated. Also, most video game intervention studies targeted healthy

older adults, while the VR intervention studies have targeted only the MCI patients.

Future research should further explore the potential of video game training in MCI

patients, as well as the potential of VR training in healthy older adults, given the

positive evidence from MCI patients. For details of each study mentioned above,

see Table 9.1.

Physical intervention using virtual tools

We discussed the issues with adherence to physical exercise regimen, not only in

older but also in younger adults. Unlike video games, which can be addictive, phys-

ical exercise is usually seen as a “chore” by many of us. Motivating people to not

only initiate but also to continue to exercise is therefore an important factor to a

successful physical intervention. One way to motivate older adults to do physical

exercise is to incorporate game play or other feedback-providing virtual tools. Such

combination of physical exercise with game play has been coined “exergames.”

These exergame RCTs are gaining popularity as behavioral interventions, compared

to traditional physical exercise interventions. We will hereby review these exer-

game intervention studies.

Two of the exergame intervention studies used VR stationary bicycles, and com-

pared them to an aerobic-only group that exercised on the stationary bike, but with-

out the VR experience. In one study, the training group enjoyed visual scenery in

the VR, thus emulating outdoor bicycling experience (Anderson-Hanley et al.,

2012). Cognition on variety of domains were assessed, including episodic memory

and executive functions. In the other study, the training group had to collect

222 Aging, Technology and Health



Table 9.1 Cognitive training studies using virtual tools

Author last

name

Technology

used

Mean

age

Control

group

Mental

status

Transfer to

cognition

Anguera

et al.,

2013

Neuro-racer 67 Active Healthy Attention and

working memory

Barnes

et al.,

2009

Posit Science 74 Active MCI Episodic memory

Basak et al.,

2008

Rise of

Nation

69 Passive Healthy Working memory,

executive

functions and

short-term

memory

Ballesteros

et al.,

2014

Lumosity 69 Passive Healthy Processing speed,

attention, and

episodic memory

Belchoir

et al.,

2013

Medal of

Honor,

Tetris

69 Passive Healthy Selective attention

Boot et al.,

2013

Nintendo DS

Mario Kart

and Brain

Age

70 Passive Healthy No significant

improvement

compared to the

control group

Dustman

et al.,

1992

Casual

computer

games

(e.g.,

Pacman)

65 Active Healthy Processing speed

Finn (2011) Lumosity 74 Passive MCI Attention

Kim, G.,

et al,.,

2015

Robot 72 Passive Healthy Executive functions

Kim, K.,

et al.,

2015

Music game 67 Passive Healthy Executive functions

Man Chung,

& Li,

2012

Virtual

Reality

80 Active MCI Memory

Mayas et al.,

2014

Lumosity 68 Active Healthy Executive functions

McDougall

& House,

2012

Nintendo

Brain Age

75 Passive Healthy Working memory

van

Muijden,

Band, &

Hommel,

2012

Brain

training

games

67 Active Healthy Executive function

and reasoning

(Continued)
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color-appropriate coins and dragons (thus training their episodic memory) as they

bicycled along a route (Barcelos et al., 2015). The targeted cognitive outcomes

were three tasks of executive functions. In both studies, the exergame training

groups significantly improved in measures of executive functions compared to the

aerobic-only groups.

In another study using VR technology, 12 healthy older adults were taught to

juggle three balls in a VR environment, and 12 were taught to juggle three balls

with visual biofeedback (Bisson, Contant, Sveistrup, & Lajoie, 2007). Although

both groups improved in reaction times during a dual task, VR group did not

improve more than the standard biofeedback training group. These trained older

adults improved in processing speed compared to controls. It is important to note

that the study was underpowered for a behavioral intervention study, and juggling

doesn’t require the same degree of aerobic exercise as a bicycle ride.

An exergame intervention RCT study on 32 individuals used Dance Revolution (15

participants), an aerobic exercise which combines working memory and physical coordi-

nation, and compared this training group with a no-contact passive control group (17

participants; Schoene et al., 2013). This study assessed transfer on only one cognitive

task of executive function (Trails B-A), although dual task ability was assessed in a

timed-task, where verbal fluency task was imposed onto a standard physical mobility

measurement (up and go test). The exergame group improved more than the controls in

Table 9.1 (Continued)

Author last

name

Technology

used

Mean

age

Control

group

Mental

status

Transfer to

cognition

Nouchi

et al.,

2012

Nintendo

Brain Age

68 Active Healthy Executive functions

and processing

speed

Optale et al.,

2010

Virtual

Reality

79 Active MCI Episodic memory

Rosen et al.,

2011

Posit Science 75 Active MCI Episodic memory

Smith, 2009 Posit Science 75 Active Healthy Episodic memory

and attention

Stavros,

Fotini, &

Magda,

2010

Complete

Brain

Workout

68 Passive MCI Attention, verbal

fluency and

episodic memory

Stern et al.,

2011

Space

Fortress

66 Active Healthy Executive functions

Whitlock

et al.,

2012

World of

Warcraft

65 Passive Healthy Attention
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both tasks of executive functions, one cognitive (Trails B-A) and another a combination

of cognitive-physical ability (dual task).

A cluster of exergame studies have utilized the Nintendo Wii system (Wii Fit) as

an intervention tool. Results from these Wii exergame studies are mixed. Malliot

and colleagues (Malliot, Perrot, & Hartley, 2012) found that healthy older adults

trained on Wii Fit improved in executive functions and processing speed compared

to a control group. Two other Wii Fit exergame intervention studies in healthy older

adults found no significant cognitive improvements in the trained group compared

to a control group (Franco, Jacobs, Inzerillo, & Kluzik, 2012; Wittelsberger, Krug,

Tittlbach, & Bös, 2013). Another Wii Fit exergame intervention study on MCI

patients found no significant cognitive improvements for the Wii Fit group com-

pared to the control group (Padala et al., 2012). However, training on a Nintendo

Wii-based exergame system (FitForAll), especially designed for older adults,

improved episodic memory in the MCI patients (Franco et al., 2013).

The Microsoft Kinect, paired with Xbox 360, has also been used as an exergame

intervention tool in older adults. Kayama and colleagues (2014) trained healthy

older adults to practice TaiChi using the Microsoft Kinect system and found improve-

ments in executive functions in the trained group. In contrast, another study using the

Microsoft Kinect system with sports games found no significant cognitive improvements

for the trained older adults (Ordnung, Hoff, Kaminski, Villringer, & Ragert, 2017).

Aside from exergames, some physical intervention studies have combined physi-

cal exercise with cognitive training packages. A 3-month long intervention study

combined Posit Science programs and aerobic exercise in a 2 (Posit Science vs

Educational DVD)3 2 (Dance-based Aerobic vs stretching) factorial design

(Barnes, Santos-Modesitt, Poelke, & Kramer, 2013). Participants were assessed

before and after the training on episodic memory, processing speed, visuospatial

function and executive function. Results were reported on a composite score of all

assessed cognitive abilities, and found that all four groups improved in this compos-

ite score of global cognitive functioning, but there were no significant differences

between the four groups. When each cognitive task was analyzed individually, two

tasks showed significant improvements for the two training groups that underwent

Posit Science training, regardless of the type of physical intervention used. Both

tasks assessed visuospatial attention, one for selective attention and another for

divided attention. The active controls, who saw an education DVD, did not improve

in any cognitive task. It is important to note that only two of the twelve tasks used

showed any significant results, although these two tasks belonged to the same cog-

nitive construct. Therefore, this study does not provide sufficient evidence for effec-

tiveness of combining aerobic exercise training with virtual tools in healthy older

adults. Another intervention study combined Lumosity programs, conducted in both

individual and group settings, with aerobic exercise and daily heart rate tracker in

the MCI patients (Dannhauser et al., 2014). Participants were wait-listed for the first

6�12 week run in period, and then underwent training for 12 weeks. Participants

improved in working memory after 12-weeks of intervention, compared to their

wait-list period, but lack of an independent control, group as warranted in an RCT,

makes it difficult to disambiguate whether the cognitive gains are due to training or

due to practice effects.
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To summarize, physical interventions using virtual tools have yielded inconsis-

tent cognitive benefits for both healthy older adults and MCI patients. However,

interventions that combined traditional aerobic fitness regimens with VR tools have

resulted in significant improvements in executive functions in older adults

(Anderson-Hanley et al., 2012; Barcelos et al., 2015). Importantly, when compared

to traditional aerobic fitness regimens, the VR-enhanced training has consistently

shown greater gains in executive functions in healthy older adults, although more

studies are needed before making any conclusive claims.

The effectiveness of the Nintendo Wii Fit and Microsoft Kinect systems in

improving cognition in older adults is negligible, based on the current evidence. It

is possible that with the wide range of available games in these two systems,

researchers in some studies did not select games with high aerobic demands that

could improve cognition in older adults. Also in some of the Wii Fit studies, cogni-

tive outcomes were secondary to physical outcomes, such as balance and gait

(Padala et al., 2012; Wittelsberger et al., 2013). The only cognitive outcome

reported by these two studies (Padala et al., 2012; Wittelsberger et al., 2013) was

the score for the MMSE, an assessment of general cognitive functioning. It is there-

fore possible that nuanced cognitive benefits to episodic memory or executive func-

tions were simply overlooked. Therefore, more exergame intervention studies using

the Wii Fit and Kinect systems in older adults with multiple cognitive outcomes are

needed to evaluate any long-term benefit from using these exergames. For details

of each above mentioned study, see Table 9.2.

Non-specific interventions using virtual tools

In addition to directly targeting cognitive or physical health of older adults, some

researchers have implemented interventions that encourage social and mental stimu-

lation of older adults in classroom settings. An intervention study taught healthy

older adults to use an iPad in a classroom setting, and found that learning to use

iPad, compared to active controls, improved processing speed and episodic memory

in older adults (Chan et al., 2014). Two intervention studies that enrolled healthy

older adults in computer classes found that learning to use a computer improved

episodic memory (Klusmann et al., 2010; Nascimento et al., 2011), and language

(Nascimento et al., 2011) in the trained older adults, compared to the controls.

These studies provide limited evidence that nonspecific interventions using virtual

tools produce broad transfer to cognition.

Discussion

The evidence from aerobic interventions and from exergames that have combined

virtual tools with traditional aerobic exercises provide sufficient evidence for broad

transfer to cognition from aerobic fitness training. In short, targeting our cardiovas-

cular health proves not only beneficial for our heart, but also our brains. Further
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Table 9.2 Physical exercise training studies using virtual tools with cognitive outcomes

Author last name Technology used Mean

age

Control

group

Mental

status

Transfer to cognition

Anderson-Hanley,

et al., 2012

Virtual reality stationary

cycling

78 Active Healthy Executive function

Barcelos et al., 2015 Virtual reality stationary

cycling

82 Active Healthy Executive function

Barnes et al., 2013 Posit Science plus

aerobic exercise

73 Active Healthy Attention

Bisson et al., 2007 Virtual Reality ball

juggling

74 Active Healthy Reaction time

Dannhauser et al.,

2014

Heart rate tracker plus

Lumosity

75 Passive MCI Working memory

Franco et al., 2012 Nintendo Wii Fit 78 Active Healthy No significant improvement

compared to the control group

Franco et al., 2013 Nintendo Wii FitForAll 76 Passive MCI Episodic memory

Kayama et al., 2014 Microsoft Kinect 75 Active Healthy Executive function

Maillot Perrot, &

Hartley, 2012

Nintendo Wii Fit 73 Passive Healthy Executive functions and processing speed

Ordnung et al., 2017 Microsoft Kinect 68 Passive Healthy No significant improvement compared to

the control group

Padala et al., 2012 Nintendo Wii Fit 80 Active MCI No significant improvement compared to

the control group

Schoene et al., 2013 Dance Revolution 78 Passive Healthy Executive functions

Wittelsberger et al.,

2013

Nintendo Wii Fit 71 Passive Healthy No significant improvement compared to

the control group



support for this statement comes from neuroimaging studies that have assessed

brain structure and brain functions before and after aerobic fitness training.

Sustained aerobic fitness training in healthy, but sedentary, older adults for 1 year

(3 days per week, 45 minutes for each session) results not only improvements in

spatial working memory, but also increases in both anterior and posterior hippocam-

pus volume (Erickson et al., 2011). Hippocampus, an essential part of MTL, not

only underlies episodic memory, but also spatial memory (Broadbent, Squire, &

Clark, 2004; Clark, Zola, & Squire, 2000). In the same RCT (Erickson et al., 2011),

training-related changes were also observed for resting-state functional connectivity

in networks that underlie executive control and attention, and incorporate frontopar-

ietal regions (Voss et al., 2013). Older adults who underwent aerobic fitness train-

ing showed increased connectivity between frontoparietal regions in cognitive

networks, compared to the active controls. Interesting, healthy older adults undergo-

ing the aerobic fitness training, compared to active controls who underwent toning

and stretching, did not show any gains in brain volume after 6-month of interven-

tion. This implies that gains in physical interventions are only effective at long

training durations, usually lasting for 6 months or more (Colcombe & Kramer,

2003). Additionally, evidence from interventions using Nintendo Wii Fit and

Microsoft Kinect systems suggest that cognitive gains from these interventions in

older adults is negligible, plausibly because of the short training durations (,6

months) or not sufficiently engaging cardiovascular functions that are engaged in

aerobic fitness training.

In contrast, cognitive interventions in older adults are usually of shorter dura-

tions and are found to be effective even at 20 hours or less (Lampit et al., 2014).

Although cognitive training regimens targeting single cognitive components typi-

cally yield near transfer to the trained cognition in healthy older adults (e.g., Ball

et al., 2002; Verhaeghen, Marcoens, & Gossens, 1992; for a review, see Stine-

Morrow & Basak, 2011), those targeting multiple cognitive components through

video games (except action games) show transfer to a wide range of age-sensitive

cognitive skills, including executive functions. Evidence for the video game based

training comes from both off-the-self games (Basak et al., 2008; Whitlock et al.,

2012; ) and laboratory designed games (Anguera et al., 2013; van Muijden et al.,

2012; Stern et al., 2011). For brain training programs, results from Posit Science

hold promise, given the consistent evidence for episodic memory improvements in

both healthy older adults (Barnes et al., 2013; Smith et al., 2009) and MCI

patients (Barnes et al., 2009; Rosen et al., 2011). Much of the evidence supporting

video game based cognitive training comes from healthy older adults, whereas

MCI patients seem to benefit in both episodic memory and short-term memory

from VR-based training. We propose that future research should consider RCTs

where video game and VR-based training are compared in both healthy older

adults and MCI patients, allowing for us to understand what cognitive challenges

warrant far transfer, and whether these challenges are modulated by stages of

aging.

Interestingly, the only study that compared aerobic training to cognitive training

found that cognitive training improved attention, whereas aerobic fitness did not
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(Barnes et al., 2013). Moreover, adding aerobic fitness to Posit Science-based vir-

tual cognitive training did not enhance the transfer effects. On the other hand, add-

ing virtual cognitive tools to aerobic fitness training has shown to be more effective

at improving frontoparietal based executive functions (Anderson-Hanley et al.,

2012; Barcelos et al., 2015). Such direct comparisons of different behavioral inter-

ventions, such as physical versus cognitive, is needed for future research. The evi-

dence so far favors cognitive training over physical fitness training, once we

account for duration and frequency of the training.

In is important to note that far transfer, if any, is usually limited to measures of

episodic memory, short-term memory, processing speed, and executive functions.

There were a handful of studies that investigated transfer to real-world skills or

daily living activities, but no evidence was found to support far transfer to these

everyday skills. In summary, we conclude that virtual cognitive training tools are

more effective in improving executive functions than physical exercise, and that

they can enhance executive functions and episodic memory in not only in healthy

older adults, but also in MCI patients, but there is no present evidence supporting

that such training effects last beyond its duration or that the training generalizes to

everyday real-world skills.
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Introduction

Goals of chapter

Modern advances in technology development are making the application of interac-

tive assistive technology in the home a very real possibility. Such technologies not

only hold promise for assisting older adults to age-in-place, but also ease the burden

on our healthcare system. Although there is no standard definition, persons over the

age of 60 or 65 are typically classified as older adults (Fisk, Rogers, Charness,

Czaja, & Sharit, 2009). Both in the United States and worldwide, the older adult

population is expected to increase exponentially (AOA, 2010), and providing care

for our aging society presents a societal challenge. Older adults wish to age-in-

place, that is, grow old in their home environment (AARP, 2008). However, there

are challenges that make managing health and living independently difficult for

older adults. Technology holds much potential for mitigating these challenges. In

this chapter, we provide a review on the application of socially interactive tech-

nologies, namely social agents, for health education and health communication for

aging-in-place.

We will emphasize the following scope in this chapter. First, we will only report

on interactions between the end user and the social agent (e.g., not interaction

between multiple social agents) to emphasize products intended for our target popu-

lation, older adults. Second, we will highlight applications in the home

environment, to specifically focus the facilitators and challenges of applying such

health-oriented technology to promote aging-in-place. Third, we will discuss appli-

cations related to social agents, specifically embodied conversational agents and

robots, as we identify these forms of technology holding much future potential in

the home. Fourth, we will cover specifically health education and communication.

We focus on these two application areas because increasingly assistive technology

can provide more than just physical assistance (Smarr, Fausset, & Rogers, 2011).

We identify health education and health communication as two emerging research

applications for social agents, with potential to help older adults in managing their

health. In the following sections, we will provide a literature review on the
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application of social agents for health education and communication, then discuss

challenges and future research directions.

Defining social agents

Because this chapter focuses on the application of social agents, it is important to

define this term. We refer to social agents as an umbrella term, which encompasses

two subcategories: embodied conversational agents and robotic agents. Embodied

conversational agents are a virtual incarnation, embodiment, or manifestation of a

person with a high level of behavior, flexible motion, realistic appearance, and the

ability to react to its environment (Magnenat-Thalmann & Thalmann, 2005). One

of the first embodied conversational agents resembling a human was William

Fetter’s Landing Signal Officer, which was developed for Boeing in 1959 to be

used to study the instrument panel of a Boeing 747 (Magnenat-Thalmann &

Ichalkaranje, 2008; Magnenat-Thalmann & Thalmann, 2005). Since then “virtual

humans” have been used for a number of purposes including simulations for train-

ings (e.g., training for soldiers and surgery practice) characters for games, actors for

movies, and presenters for TV, web programs, and virtual worlds such as

SecondLife (Boulos, Hetherington, & Wheeler, 2007; Magnenat-Thalmann &

Thalmann, 2005). It is important to note that some literature refers to embodied

conversational agents as avatars (Lisetti et al., 2012). Although commonly

described in a similar manner to embodied conversational agents, avatars are char-

acters that are controlled externally by a human to engage in an activity and are a

representation of the user, much similar to a video game character (Ducheneaut,

Wen, Yee, & Wadley, 2009).

There is no agreed upon definition of robotic agent, though most people have

ideas or definitions of what a robot should be like (Ezer, Fisk, & Rogers, 2009).

The term “robot” derives from the Czech word “robota” which translates to forced

labor. Within the research community, a robot has often been broadly described as

a machine that can sense, think/plan, and act (e.g., Bekey, 2005). This definition

may be criticized as being broad, as many types of technology could potentially be

described as such. A synthesis of varying definitions of the term “robot” (i.e.,

Bekey, 2005; Murphy, 2000; Russell & Norvig, 2003) suggests that a robot is a

physical computational agent. Robots are equipped with sensors for perceiving the

environment, and typically contain effectors, or actuators, that manipulate and exert

physical forces on the environment. For this chapter, a certain type of robot will be

of focus: socially assistive robots (SARs). SAR is defined as an intersection of assis-

tive robotics and socially interactive robotics (Feil-Seifer & Mataric, 2005). SAR

maintain the goal of social interactions with a human user for the purpose of pro-

viding assistance and achieving measurable progress in health and well-being.

In summary, this chapter will explore the countless benefits of social agents,

which includes both embodied conversational agents and robotic agents. More spe-

cifically, we emphasize the promising future these technologies hold for providing

assistance to the aging population and supporting health interventions through

social interactivity. As the following sections will highlight, socially interactive
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technologies have a critical role in advancing health education and communication,

as well as the potential to supplement other interdisciplinary and transdisciplinary

approaches to promoting healthy aging and aging in place.

Benefits of using social agents within health interventions

Although there are many general advantages to using social agents in health inter-

ventions such as eliminating variability in intervention implementation, employing

doctor�patient race concordance and addressing low literacy by including audio-

visual components (Lisetti, 2012), there are also other benefits of using agents that

build on the effectiveness of face-to-face communication. These benefits include

the fact that social agents can make use of nonverbal communication (e.g., gestures,

expressions) that can enhance the conveyance of messages and build rapport with

patients. For instance, in a study about the acceptance of embodied conversational

agents for motivational interviewing, Lisetti et al., (2012) found that 75% of partici-

pants felt either as comfortable or more comfortable interacting with an embodied

conversational agent during a motivational interviewing session about reducing

alcohol consumption than they would with a real counselor (Lisetti et al., 2012).

Also, many participants who favored the agent-led interview felt positive about the

experience because they felt the embodied conversational agent was unbiased and

could not judge or them for their alcohol consumption behavior (Lisetti et al.,

2012). These findings suggest that social agents may be especially efficacious in

instances where conversations might be sensitive and behavior change is contingent

on trust between the interventionist and the patient.

Another key benefit that is afforded by social agents is that the fact that the

agent is available for as long as the user has access to a given system. According to

a recent report on physician compensation, an average doctor/patient conversation

during a doctor’s visit is 15 minutes (Peckham, 2016). While there is limited evi-

dence showing a positive correlation between the time spent with the patient and

other constructs such as patient satisfaction and adherence (which can also be

linked to patient trust of their doctor), time constraints may present limitations in

circumstances where the disease and resulting regiment is more complex and/or the

patient has lower health literacy. Therefore, Bickmore, Pfeiffer, and Paasche-Orlow

(2009) tested the feasibility of a bed-side virtual nurse agent to teach hospital

patients about their post-hospital discharge self-care regiment. Bickmore et al.

(2009) found that participants’ acceptability of the intervention was high because of

the depth of information provided by the social agent and the fact that the agent

was available for as much time as the participant needed (Bickmore et al., 2009).

Older adults may generally be reliant on a physician for guidance on their health,

but physicians often have limited time. Social agents can supplement the education

and communication provided by the doctor at a pace that is comfortable for the

caregiver and the older adult. Furthermore, older adults may feel more

comfortable discussing embarrassing topics with a social agent rather than a human,

or prefer the agent so they do not feel they are wasting a doctor’s time with ques-

tions (Mahani & Eklundh, 2009). Thus, social agents, such as embodied
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conversational agents and robots, can be active in promoting healthy behavior/

decision making, as well as promote health communication. In the following sec-

tions we will discuss these two application areas in more detail.

Social agents for health education and decision making

For almost eight decades, health education practitioners have developed programs

to educate diverse populations on strategies for improving their personal health

(Auld & Gambescia, 2011). Green and Kreuter (2005) define health education as

“any combination of learning experiences designed to facilitate voluntary actions

conducive to health”. In more simple terms, health education is the provision of

information to promote both general awareness and knowledge about disease pre-

vention (World Health Organization, 2016). When coupled with access to the

appropriate resource (not ignoring the many other contextual factors that contribute

to human behavior) (Sallis & Carlson, 2015), health education can facilitate an indi-

vidual’s ability to change health-related behaviors (Zimmerman & Woolf, 2014) or

make health decisions. The most successful health education programs have used a

socioecological approach, which targets the individual and/or their physical/social

environment (Auld & Gambescia, 2011).

While health education is critical to behavior change, it has been demonstrated

through some studies that health education alone does not always directly affect

behavior change. Rather, behavior change is more likely to occur when there is a

collaborative relationship between patients and their healthcare providers with

health education forming a critical arm in the larger decision making process. In the

health decision literature, there are three main types of health decision making

described: Paternalistic model, informed model, and shared model (Charles,

Gafni, & Whelan, 1997).

In the paternalistic model the patient allows the healthcare provider make their

health decision with little to no input from the patient. In an informed decision

making model, the patient seeks or is provided with all of the necessary information

to support their decision, but the onus of the final decision is placed on the patient

(Charles et al., 1997).

In shared decision-making (which is most often recommended) the patient is

“informed” about the available treatment options, but engage in a conversation

about the options before making a joint decision with their healthcare provider

about the best course of action (Charles, Gafni, & Whelan, 1999). The specific type

of decision making preferred by an individual can vary based on factors such as

their age, sex, socioeconomic status, education, and proximity of the decision, and

type of disease (Hawley et al., 2007; Levinson, Kao, Kuby, & Thisted, 2005;

Minton & Stone, 2008). For example, Levinson and colleagues (2005) found that

individuals over 45 preferred less active roles in shared decision making as opposed

to younger patients. Other factors that mediate the type of decision making elected

by patients can range from patient-related constructs such as trust of healthcare
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provider or anxiety (Peek et al., 2013) to clinician-specific barriers (e.g., healthcare

provider’s perception of patients ability to engage in shared decision making)

(Kane, Halpern, Squiers, Treiman, & McCormack, 2014). To facilitate quality

health decisions, the Institute of Medicine and the Department of Health and

Human Services support the use of informing individuals using plain language and

culturally appropriate communication strategies (Health et al., 2010; Nielsen-

Bohlman, Panzer, & Kindig, 2004).

For older adults, health information should be presented in a way that accommo-

dates the physiological (e.g., vision, hearing, motor skills), psychological (e.g.,

information processing speed) and social (e.g., health literacy levels) challenges

experienced by a population. For example, Speros (2009) recommends that when

written health information is disseminated, it should not only support verbal instruc-

tion but be written at a fifth grade level or below, appear in print that is 14 to 16

point font, and should have high contrast between the print and paper color.

Similarly, recommendations apply to multimedia/computer-based education inter-

ventions (Mayer, 2014).

Applying social agents to health education and health decision
making

Health education programs and decision-making interventions have been delivered

through several mediums over the years such as in-person administration or paper-

based literature. However, with the expansion of computer and mobile-based tech-

nologies across the United States, there has been an increasing number of health

education programs (Bull, 2010; Webb, Joseph, Yardley, & Michie, 2010) and deci-

sion aids (O’Connor et al., 2009; Stacey et al., 2011) that have been disseminated

though computer and mobile applications.

It is, however, recognized that there are some disparities in general access to

these technologies among poor, less educated and older populations. Compared to

86% of all adults, only 56% of older adults use the Internet or email. In addition,

older adults who go online are more likely to have higher annual incomes (i.e.,

incomes above that received by seniors with Medicare) and education levels beyond

a high school level (Cresci, Yarandi, & Morrell, 2010; Smith, 2014). Despite these

disparities, social/health scientists and engineers have successfully developed and

evaluated multiple technology-based interventions to support the health education

and decision making of older adults. These interventions have ranged from mobile/

web-based technologies (Joe & Demiris, 2013; Kueider, Parisi, Gross, & Rebok,

2012; Muellmann, Forberger, Möllers, Zeeb, & Pischke, 2016; Thomson et al.,

2007) to advanced interactive communication technologies that are inclusive of

embodied conversational agents and social robots (Bickmore, Caruso, Clough-

Gorr, & Heeren, 2005; Bickmore et al., 2009; Fasola & Mataric, 2012; Robinson,

MacDonald, & Broadbent, 2014).

Embodied conversational agents are also beginning to appear in health-related

interventions for diverse populations. While many studies have focused primarily
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on the acceptability and satisfaction of agents for health promotion among younger

and older adults (Lisetti et al., 2012; Schulman, Bickmore, & Sidner, 2011), there

are also some (but few) studies that discuss the effectiveness of agents for providing

health education or decision support specifically for older adults.

Most academic efforts on the acceptance and use of embodied conversational

agents have been led by Timothy W. Bickmore and his team at the Boston

University School of Medicine. One of Bickmore’s first embodied conversational-

led trainings specifically tailored for older adults was based on the MIT FitTrack

program (Bickmore, Caruso, et al., 2005; Bickmore, Gruber, & Picard, 2005).

FitTrack was originally designed to study the relationship between agents and users

and whether these relationships could be used to enhance the effectiveness of health

promotion programs (Bickmore, Gruber, and Picard, 2005). In the initial study,

Bickmore, Gruber, and Picard (2005) discovered that individuals in agent-led

groups had significant increases in their number of days per week of moderate-or-

greater physical activity as compared to individuals receiving general web pages of

educational content on the topic of walking for exercise.

In a follow-up study, FitTrack was redesigned and tested among an older popula-

tion (Bickmore, Caruso, Clough-Gorr, & Heeren, 2005). The findings demonstrated

that the intervention increased older adults steps per day significantly more than the

control group. A similar study, demonstrated that individuals with higher literacy

levels performed significantly more steps during the intervention than the control

group (Bickmore et al., 2013). These results demonstrate that increasing short-term

physical activity among older adults by using agent-based education programs is

plausible, but effectiveness may depend on the literacy level of the user. Bickmore

et al. (2005; 2013) findings also support the need for further exploration of the use

of embodied conversational agents to support health behavior change and health

decision making.

In summary, technology has become more ubiquitous. Therefore, technology has

become more popular vehicles for disseminating health education and facilitating

health decision making. More recently, exploration has taken place to test the effi-

cacy of more advanced technologies (such as social agents) for supporting older

adults. While, there may be some current disparities in technology access, research

is demonstrating that older adults are accepting of technology when it is designed

for their demographic and these technologies are leading to positive behavior

change. Similar trends exist in terms of implementing social agents in health com-

munication applications.

Social agents for health communication applications

Social agents hold promise far beyond health education. This technology has ample

potential to be successful in health communication applications. Health communica-

tion is the study and practice of disseminating health information between health-

care professionals and patients. In this section, we will discuss how social agents
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have potential to refine and enhance communication strategies connecting older

adults with remotely located doctors.

There are many products, both commercially available and in development,

that are designed for health communication. Often, these technologies fall under

the umbrella term “telepresence” which may be defined as having the sense of

being present in another environment. The sense of presence is a complex con-

struct. Briefly defined, presence can be described as feeling present either/both

spatially (i.e., feeling of being in a remote location) and socially (natural commu-

nication with others) (Kristoffersson, Coradeschi, & Loutfi, 2013). Telepresence

technology may range from televideo conferencing (e.g., skype), to mobile robotic

telepresence (e.g., a screen with two-way audio and video, with the added value

of a mobile base; Kristoffersson et al., 2013) to humanoid robots that elicit tele-

interaction between end users via two-way audio and/or a screen mounted on the

robot itself (e.g., Care-O-bot (Graf, Hans, & Schraft, 2004); Hector (Kite-Powell,

2012), Pearl (Pollack et al., 2002)). The primary function of social agents that

promote communication is to foster connection between users. Within the context

of health communication, this connection is typically between the doctor�patient

or caregiver�patient.

Applying social agents to health communication

Social agents hold the promise of enhancing communication between patients, doc-

tors, and other healthcare providers. However, for technological advances to be suc-

cessful, we must first understand their specific needs and challenges, particularly

related to health communication for the older population. Many individuals already

use or have access to health communication technology; currently there are over

165,000 million Health apps available on the Apple and Android app stores, many

of which advertise to offer health communication services (e.g., connecting with

caregivers) (Terry, 2015). However, many of these services are underutilized; adop-

tion may be hindered either because the technology does not meet patient needs, is

too costly, or it is difficult to use, possibly due to age-related limitations.

To date, the majority of studies have investigated the use of robotic communica-

tion systems in office settings (for review see Kristoffersson et al., 2013). Recently

however, the application of social agents for assisting older adults to maintain their

health has become a primary goal of the research community (Broadbent,

Jayawardena, Kerse, Stafford, & MacDonald, 2011; Bugmann & Copleston, 2011;

Robinson et al., 2014; Smarr et al., 2014). Findings support the potential of health-

care robotics in keeping older adults socially engaged with family, friends, and

healthcare providers (Beer & Takayama, 2011; Bevilacqua et al., 2014; Cesta,

Cortellessa, Orlandini, & Tiberio, 2012), with the potential for providing telehealth

and monitoring (Liles, Stuck, Kacmar, & Beer, 2015a, 2015b). In addition to pro-

moting communication, the video and mobility features of the robot allow a care-

giver to actually observe the older adults’ emotional affect and well-being (Beer &

Takayama, 2011; Liles et al., 2015a, 2015b), as well as to observe the status of their

home environment.
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In particular, mobile telehealth robots have been investigated within the applica-

tion of hospital environments. In these studies, the robot is typically used to assist

health practitioners perform rounds in a hospital (i.e., telerounds). Findings from a

number of case studies suggest that hospital patients thought telerounds could and

should be a part of regular hospital care (Daruwalla, Collins, & Moore, 2010; Ellison

et al., 2007). Furthermore, patients reported that they felt comfortable communicating

with their doctor via the technology. In fact, patients expressed a preference for tele-

rounds with their own remotely located doctor, rather than to be seen by another doc-

tor (Daruwalla et al., 2010; Ellison et al., 2007). The use of telerounds in hospitals

has also shown a reduction in doctor response time (Petelin, Nelson, & Goodman,

2007; Vespa, 2005; Vespa et al., 2007), a reduction in the length of a patient’s hospi-

tal stay compared to patients who received only bed-side rounds (Gandsas, Parekh,

Bleech, & Tong, 2007; Vespa et al., 2007), and reduced costs of care (Vespa et al.,

2007). While these hospital studies included patients of a wide age-range, the poten-

tial benefit of telepresence in hospital-based care is evident, and similar benefits may

expand to home-use (Beer & Takayama, 2011).

Additional studies have investigated the use of social agents in senior living

environments. In fact, the use of telecommunication technology in nursing homes

has been found to promote social contact with family members (Mickus & Luz,

2002). Senior care staff of continuous care retirement facilities (i.e., facilities that

offer a range of independent to nursing care living environments) have expressed

that mobile robotic telepresence may offer a similar benefit for older adults in both

independent and assisted living (Liles et al., 2015a, 2015b). These professional

healthcare providers (primarily CNAs, RNs, and administrators) discussed, at

length, the importance of keeping family connected, and they envisioned a primary

benefit of a robotic telecommunication system was to connect remote family care-

givers. Remote family caregivers, often located in other states, have to make diffi-

cult decisions about their elderly relative’s healthcare. Social agents have potential

to keep remote family caregivers in touch and informed. Importantly, the profes-

sional healthcare providers advocated that such technology might be used as a form

of “checking in on” and monitoring older adults (Liles et al., 2015a, 2015b).

Using social agents, whether they are virtual or robotic, for the purposes of

health communication allows a patient to remain in the comfort of their home while

caregivers perform routine check-ups. Thus, social agents provide a link for health

professionals as well as family to connect and collect at-home data on the older

adults, while also promoting communication.

As smart homes emerge, healthcare will increasingly move from institutionalized

care to the home. Many researchers envision a range of use cases for social agents

in health communication. In particular, much development is ongoing connecting

social agents with other medical devices (e.g., to read vitals), connect to medical

health records, and connect with other devices in the home (e.g., a smart TV) to

facilitate not only health communication, but also provide health information and

data on-demand (for review, see Kristoffersson et al., 2013).
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Challenges in implementation

As discussed earlier, social agents have potential to transform the way in which

patients and doctors interface in both health education and health communication.

However, this technology will never meet its full potential unless a number of chal-

lenges are better understood and addressed. Specifically, we identify three primary

challenges that may impede the diffusion of such innovation: (1) security and privacy;

(2) technology acceptance and adoption; and (3) adapting the technology for use in

the home. In the following subsections we will discuss each of these challenges.

Security and privacy

While privacy has been recognized as an important psychological variable in previ-

ous research on smart homes (Caine et al., 2011), it has been largely uninvestigated

with regard to deployment of social agents. As discussed earlier, social agents can

provide a means for health education and communication—allowing caregivers and

healthcare providers to gain critical and timely information related to an older

adult’s health and well-being. However, despite these potential benefits, the use of

social agents in the home poses a number of privacy challenges and concerns.

Some privacy and security challenges include potential hacks or scams that could

risk older adults’ health information (e.g., information about a patients’ chronic ill-

ness via health education software) and/or confidential patient-doctor discourse

(e.g., hacking of telecommunication devices used for telehealth).

Designing to promote privacy (aka “privacy-enhanced design”) in social agent

technology is no easy task. For example, it is important to consider that there are

many individual differences among older adults—the capabilities, limitations, and

privacy preferences for a 65-year-old versus an 85-year-old are likely very different.

Furthermore, many older adults initially underestimate privacy risks (Grimes,

Hough, Mazur, & Signorella, 2010; Lorenzen-Huber, Boutain, Camp, Shankar, &

Connelly, 2011). There is a challenge in balancing users’ perceptions of privacy,

with the actual privacy of a system—this challenge becomes the designer’s respon-

sibility (Beckwith, 2003). Effective approaches to overcoming privacy barriers

include obfuscating or “clouding” the data (i.e., filtering video), providing feedback

to enhance awareness (i.e., transparency), and providing control over when/where

data is collected (Caine et al., 2011). Nonetheless, concerns about healthcare tech-

nology privacy still exist (Beach et al., 2009; Caine et al., 2011); thus advanced

forms of technology, such as social agents, need to be carefully designed to provide

caregivers with monitoring and communication features to remain informed about

the older adults’ well-being, while maintaining the older adults’ sense of privacy

and control.

Acceptance and adoption of technology

Social agent adoption is more complex than providing grandma with the technol-

ogy, and telling her “use this agent to support your independence.” There is a

245Social agents for aging-in-place: A focus on health education and communication



progression of acceptance that begins with an attitude (this social agent seems like

a good idea), which leads to an intention (I will buy this technology), which then

leads to behavioral integration (I love my social agent and use it daily). This pro-

gression is based on the theory of reasoned action described by Fishbein and Ajzen

(1975). The fundamental idea is that user attitudes influence intentions, which in

turn influence behavior.

One of the most prominent models of technology adoption is the Technology

Acceptance Model (TAM; Davis, 1989; Davis, Bagozzi, & Warshaw, 1989).

Research on TAM has identified Perceived Usefulness (PU) and Perceived Ease of

Use (PEU) as the most prominent predictive variables of technology acceptance

(Davis, 1989). PU is defined as the extent to which a technology is expected to

improve a potential user’s performance (Davis, 1989). In the case of health education

and communication, an older adult may ask how the social will improve his/her daily

health? PEU refers to the amount of effort required to effectively use a technology

(Davis, 1989). Do potential users believe that the social agent will be easy and intui-

tive to interact with? Is the social agent easy for the doctor or caregiver to use?

There are many factors that influence whether an older user holds certain atti-

tudes toward technology. For instance, aspects of technology that encouraged use

among older adults include: enhanced communication, reduction in the time to

complete a task, and accessibility of technology features (Mitzner et al., 2010).

Factors that may reduce the likelihood of an older adult accepting technology in the

home include: Inconvenience, cost, having too many or too few programming fea-

tures, and lack of reliability (Mitzner et al., 2010), lack of PU (Fisk et al., 2009;

Heart & Kalderon, 2013; Mitzner et al., 2010; Morris, Goodman, & Brading, 2007)

computer anxiety (Cesario, 2009; Chu, Huber, Mastel-Smith, & Cesario, 2009;

Czaja et al., 2006), lack of self-efficacy (Chu et al., 2009), and disability or poor

health (Cresci et al., 2010; Czaja et al., 2006). These barriers may be overcome via

training older adults on how to use a specific technology (Cesario, 2009) and using

community-based methods to develop technology in collaboration with communi-

ties of older adults (Owens, 2015; Owens, Friedman, Brandt, Bernhardt, & Hébert,

2015a, 2015b). Training and user-centric technology development is especially crit-

ical given that social agents are a novel technology for many older users, and such

rapid innovation cannot be attractive to aging adults if they must consistently have

to replace or upgrade technology. While these technologies may become less

expensive in the future through increased market competition, older adults in the

United States are either on fixed or low incomes which may hinder their ability to

afford agent or robot technologies in the near future. Most older adults may not be

able to afford some of the technologies and accompanying services, therefore it is

critical that the cost of these technologies are subsidized.

Home environment

Older adults hold varying preferences for housing environments. Today, there are

many different kinds of housing options for older adults. Older adults may choose
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to age in traditional housing (e.g., remaining in original home, or moving in with

family) or move to more formal care, such retirement communities, assisted living

facilities, or a continuing-care retirement communities. Most older adults prefer to

remain in their own homes and age-in-place (AARP, 2008), while some may volun-

tarily relocate to formal care facilities, anticipating the potential need for future

assistance. Regardless of their living arrangements, older adults wish to preserve

their independence, autonomy, and well-being. Social agents have potential to aid

older adults in health management in the home (Mitzner, Chen, Kemp, & Rogers,

2014). However, the home operational environment poses unique challenges to the

implementation of social agents. While the physical space itself may not be an issue

for embodied on-screen agents, it certainly poses problems for mobile telecommu-

nication robots.

Application of telepresence robots in a hospital revealed challenges with secu-

rity, network stability, inability to open doors and move between hospital floors

(Daruwalla et al., 2010). These limitations will also be present, if not more com-

mon, in the home. The home environment poses a large set of unknown or

unpredictable factors that may influence the robot’s performance. The robot’s abil-

ity to refine and modify its actions in response to unpredictable environmental sti-

muli (e.g., path planning, obstacle avoidance) will be critical for efficient operation

in the home. For instance, it has been suggested (e.g., Thrun, 2004) that service

robots require a high level of autonomy due to the unpredictable and changing envi-

ronment of a home or healthcare setting.

A number of technical challenges would need to be overcome before deploying

a social agent in a person’s private home. For instance, the social agent will need to

navigate the home environment and accommodate for obstacles, stairs, low lighting

conditions, uneven floors/thresholds, and pets (Wu, Stuck, Mitner, Rogers, & Beer,

2016). This means the social agent will be required to simultaneously monitor the

environment for navigation obstacles while also interacting with the older adult.

There are environmental differences between traditional homes and senior center

residences, which would impact the design of social agents (Mitzner et al., 2014).

For example, senior care residences are likely to meet ADA requirements, with

wider doorways and hallways compared to a traditional home, making robot naviga-

tion much easier. Additionally, senior care residences are more likely to have a

static floor plan (i.e., less dynamic obstacles). Furthermore, for both on screen

agents and robots implemented in living environments, the technology is intended

to be used over extended periods of time, with little to no technical support (com-

pared to a hospital or workplace for instance). Considerations for ease of use, acces-

sibility, and ease of troubleshooting will be critical in making long-term adoption

by older adults possible.

To create the ideal connected home where agents and robots will assist an older

adult with their health, each connected device will likely need to be compatible

with a larger system (i.e., a smart home). While there are companies that are work-

ing toward this goal (e.g., Apple, Google, Amazon), we are still years away from

having this shared infrastructure.
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Social agents for health education and communication:
Future opportunities

While there are several barriers to ubiquitous implementation of social agents into

the lives of every older adult, there are many opportunities to utilize this innovative

technology to promote healthy aging/aging-in-place. To age in place, social agents

could have a tremendous impact on assisting older adults with the prevention and/

or management of chronic disease. These innovations may also be critical to the

completion or coordination of activities of daily living and instrumental activities

of daily living, which can have a reciprocal relationship to an individual’s health.

More specifically, an individual’s health may hinder them from completing an

activity such as bathing, but not being able to bathe can also affect an individual’s

health. While there are multiple ways that these agents and robots can assist an old-

er adult, we will continue our focus on the opportunities and the challenges of using

agents and robots for health education, decision making, and for enhancing social

connections.

Connected health

As previously discussed, having access to culturally appropriate, timely, and plain-

language information about health is critical for enabling older adults (with varying

levels of health literacy) to make informed health decisions (Nielsen-Bohlman

et al., 2004). Furthermore, by making positive health decisions, older adults can

enhance their capacity for aging in place (National Institute on Aging & World

Health Organization, 2011). Currently, health information is being sought or trans-

mitted to older adults through both interpersonal (e.g., healthcare provider/relative)

sources and paper-based/digital media (e.g., television, magazines) (Chaudhuri, Le,

White, Thompson, & Demiris, 2013). They are also being monitored through both

medical devices and out-of-the-box sensor technologies. In a connected health

model, healthcare providers, patients, and the aforementioned technologies are con-

nected through a common platform where health information can be presented to

all stakeholders in real time (Caulfield & Donnelly, 2013). Having this information

available can permit proactive patient care. For example, there are multiple wireless

technologies that have been developed to collect biological and anthropometric

measures such as blood pressure, heart rate, weight, and BMI (Patel, Park, Bonato,

Chan, & Rodgers, 2012). These measures are then transmitted to either a caregiver,

healthcare provider, or health educator that can act quickly in a circumstance when

the older adult’s measures are abnormal (Patel et al., 2012). Similarly, there are

also several wearable or home-based technologies (some of which are commercially

available) that can detect falls and transmit an occurrence to emergency personnel

and the caregiver (Chaudhuri, Thompson, & Demiris, 2014; De Bruin, Hartmann,

Uebelhart, Murer, & Zijlstra, 2008; El-Bendary, Tan, Pivot, & Lam, 2013).

In the future, we will become an even more connected society. With advance-

ments in the technologies and progression in cyber infrastructure development, the
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older adults of tomorrow will have the opportunity to build the ideal healthcare/

caregiver team supported by a number of new sophisticated technologies that will

enable the older adult to age in place (Kvedar, Coye, & Everett, 2014). These tech-

nologies include everything from using ingestible sensors to determine adherence to a

prescribed medication (Eisenberger et al., 2013) to detecting an impending emer-

gency (such as a heart attack) minutes to hours in advance (Kappiarukudil &

Ramesh, 2010). In addition, these technologies will be capable of transmitting infor-

mation in common languages (i.e., interoperable) so that the older adults and their

healthcare team can make decisions based on multiple factors as opposed to consider-

ing data from each device separately (Gay & Leijdekkers, 2015). For example, one

device could detect that an individual has not taken their medication (which could be

interpreted as nonadherence), but it could be possible that the older adult is out of a

desired breakfast food they routinely eat prior to taking this medication or that they

are being affected by another health issue such as depression. Connected health

devices will also be interoperable with other products/devices beyond the home (e.g.,

cars) (Adair et al., 2013; Swan, 2015). This interoperability may translate into cars

that will have the ability to respond to nonadherence to available medication (e.g.,

car reminds older adult to take medication and will not start if that medication can

hinder driving performance) or a medical emergency (e.g., car can call paramedics

and automatically transport older adult to a safe space on the roadway).

In the future, all device data will be accessible in a common portal and displayed

or communicated in a way that is most beneficial for the interventionist (i.e., older

adult, care giver, or healthcare professional). For the older adults, we envision that

all health information will be provided through an omnipresent social agent, which

will assist adults with digesting information collected through external devices

(including electronic medical records) and the preferences of their healthcare/

caregiver team. These agents may be embodied and accessible through the home

and other computer-based or mobile devices or appear in a robotic form. Using our

prior example with an older adult who did not take the medication due to lack of

recommended foods in the home, an agent would receive communication from a

refrigerator or pantry that this particular food is no longer available and ask the old-

er adult if he/she would like to place an order for delivery (or automatically place

an order). The agent will also be sophisticated enough to make other suggestions

for breakfast based on options available within and or near the home. In instances

where robotic agents are present, these new options can be automatically prepared

based on a catalogue of recipes available online. Also, because all systems will be

connected, the robotic agent will be aware of dietary needs of the older adults

(based on electronic medical records) and be able to consider these needs in the

preparation of the older adult’s breakfast. In addition, embodied and robotic agents

might also be able to provide temporary intervention in situations where the older

adult is displaying signs of depression. These responses include actions such as con-

tacting a loved one or friend, recommending a favorite movie or song, or finding

accessible community activities. Therefore, the agent of the future will not only be

an informational device or appliance, but also an intelligent companion capable of

facilitating interventions based on available data and the input of a connected team.
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Comprehensive health decision making

While making decisions about whether or not to receive a health screening might not

be fraught with complexity, health decisions about certain treatments (e.g., cancer) can

be dreadfully difficult, but especially for older adults. As we enter our golden years,

our capacities to digest and analyze large amounts of information (which can include

the opinions of friends and family members, doctor’s recommendations, literature,

experiences of other survivors), becomes limited (Carpenter & Yoon, 2011). While

shared decision making has become the desired healthcare decision model by organi-

zations such as the American Medical Association (2010), shared decision making

requires that the older adult have adequate knowledge about the disease and desire/

efficacy to engage in a conversation with their healthcare provider (Dy & Purnell,

2012). Therefore, many older adults prefer to rely on their physician to make the right

health/treatment decision for them in hopes that the physician and others involved in

the decision (i.e., caregivers) have considered their personal values and their desired

quality of life post treatment (Levinson et al., 2005). However, treatment outcomes for

some diseases such as cancer can vary considerably based on factors such as stage of

the disease, family history, age, and type of treatment (Ward et al., 2004).

Over the past 5 years, organizations such as Memorial Sloan Kettering Cancer

Center and others have explored supercomputing and deep learning for assisting

clinicians with pinpointing the most effective treatments for cancer patients (Savvy,

2015). According to Savvy (2015), their super computer was able to quickly review

the 1.2 million patient medical records in tandem with published research, treatment

guidelines and genetic data to identify the best evidence-based treatment strategy.

In the future, these supercomputers will be widely accessible by healthcare provi-

ders and the resulting data from various analyses will be available through an older

adult’s electronic medical record. Social agents will also have access to this data and

act as intelligent decision aids. Not only will the agents be able to educate the older

adult on the treatment types, but they will also be capable of (1) answering general

health or treatment questions which include those about potential treatment out-

comes, (2) assisting the older adult and caregiver(s) with narrowing down options

for intervention based on their desired outcomes, personal values, and the affect of

the older adult, and (3) offering an opportunity to practice their doctor�patient com-

munication through role plays with the social agent. Furthermore, these social agents

will be intelligent enough to assist with the translation of information between doctor

and patient during a discussion to improve the conversation. The older adult will

also be automatically sent pertinent information about their conversation with a

healthcare provider following their visit that can be reviewed by the older adult and

their caregiver, supported by the social agent. By improving the health decision mak-

ing capacity of older adults, their physical and mental health may be preserved which

also enhances their overall capacity to age in place.

Connected communities and globalization

Beyond being connected to their healthcare providers, healthcare data, and their

caregivers, the older adults of tomorrow will also leverage technology to become
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more socially engaged. According to Pew Internet, one in four (26%) Internet users

651 use social media to stay connected with family friends and relatives

(Greenwood, Perrin, & Duggan, 2016). In the future, algorithms will be developed

to connect to other individuals with similar interests in their community and glob-

ally. These invitations will be facilitated by social agents. Virtually, older adults

will have opportunities to be involved in group chats, support groups, and joint

game play with older and younger adults from across the globe. With the advance-

ment of voice recognition and translation technologies in the future, conversations

will be translated instantly, eliminating barriers that now stand between interconti-

nental connectedness. These new engagements may lend themselves to an overall

growth in cultural-competency, preservation of cultural traditions, cross-cultural

and intergenerational exchanges, and opportunities for virtual tourism. Furthermore,

there will be exceedingly more opportunities for informal and formal education for

older adults that may not only lead to new skills, but also equate to certifications

and degrees for from academic institutions from around the world.

In addition to virtual engagement, social agents will be capable of arranging

opportunities for older adults to attend events in-person. For example, if a social

agent scans the Internet and finds a “senior friendly” event or excursion that is

being advertised, the agent will inform the older adult about this opportunity. In

addition, if the older adult has an interest in attending the event or excursion, the

agent will act as virtual assistant which could include: Checking the older adult’s

calendar for conflicting appointments, assessing potential barriers/risks and recom-

mended solutions to attendance (e.g., inclement weather, accessibility of venue,

proximity of restrooms to the seating area, food availability, costs), and arranging

transportation and/or companionship to the event or excursion. Similar to current

social media, older adults will also be able to report their intention to attend the

event or excursion to select system users (who may also want to join them), but the

social agent will further be capable of informing caregivers and other stakeholders

about the older adults’ intentions.

Summary

In summary, social agents, such as embodied conversational agents and robotic

agents, hold much promise for aiding older adults to live independently. In particu-

lar, we focus on two application areas: Health education and health communication.

By applying social agents in this context, older adults may receive more timely

health information, as well as remain better connected with doctors, caregivers, and

the global community. However, for social agents to be effectively implemented in

health education and communication, a number of challenges must be addressed,

such as issues surrounding privacy, technology acceptance, home environment

designs, and ethical use. If these challenges can be met, applying social agents to

health education and communication provide many exciting future opportunities for

smart and connected aging-in-place.
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As we have seen in the previous chapters, older adults’ health can be greatly enhanced

by the judicious use of technology. Knowledge of age-related changes can inform the

design of technological supports that keep older adults active, mobile, healthy, con-

nected, and entertained. Earlier chapters presented how technology could be used now

with technologies that are currently available or upcoming. But given the fast-changing

pace of technology, how should technology be used to enhance older adults’ health

and well-being in the future? We close this book with one vision of how technology

could help by presenting the challenges, knowns, and unknowns associated with the

use of augmented reality (AR) by older adults (OAs).

The potential role of AR in managing chronic
health conditions

Joan, age 68, was just diagnosed with prediabetes. She’s overwhelmed with the

prospect of managing her diet, so her doctor has given her a new technological aid

designed to unobtrusively offer suggestions about what and how to eat. She starts

preparing lunch and takes a look in the mirror. She looks closely at her arm and

her view zooms in so she can see her individual blood cells and how they are

acting to resist insulin. She can see internal functions related to diabetes, including

some fatty cells coursing through her bloodstream. Text information is overlaid on

the visualization that helps her develop a mental model of how the food she just ate

is acting on her body. She experiments by turning to her lunch and sees the carb

counts and glycemic indices of the foods on her plate. When she picks up a bread

roll, she can see the difference in glycemic index between white and whole grain.

The system surprises Joan by asking her to guess the calories in the slice she’s

holding. “80,” Joan says. “Close,” says the system, “it’s 120.” “Hmm, higher than

I expected,” thinks Joan. Joan can’t wait to try new meals and to show her friends.

The scenario above presents a possible technological advancement using AR and

good psychological principles from the learning and design domains to help an older
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person recently diagnosed with diabetes learn to manage her condition. However,

embedded in this scenario are a multitude of questions regarding the design of AR.

What inputs would function best for older users? Voice, touch, or movement? What

should the display look like, so the user can easily perceive the elements and under-

stand what is being presented? Regarding AR, the answers to these questions are not

known. However, in this chapter we draw information from the past literature on dis-

plays and interfaces for older adults and from the literature on training to come up with

initial design principles and an outline of research questions that need to be answered.

Definition and examples of augmented reality

AR is a type of immersive computing that adds virtual elements to the real environ-

ment (Azuma, 1997). Hardware can consist of computer-controlled “mirror” dis-

plays, projectors, AR/VR specific headsets, heads-up displays, auditory displays,

haptic displays, and smartphones. On the mixed reality spectrum, AR falls some-

where in the middle—i.e., it is different from virtual reality, which contains virtual

elements in an entirely synthetic environment, and reality, which contains no virtual

elements at all. AR does not attempt to transport or distract the user from the real

environment—it augments the real world by seamlessly combining virtual elements

with the physical world. Examples of AR programs include the SnapShop show-

room used by Ikea to simulate the look of furniture in a given room using a smart-

phone or tablet camera (SnapShop Inc., 2015), the Augmented Car Finder

smartphone application which provides an on-screen pointer to help find a car in a

parking lot (AugmentedWorks, 2017), and Pokémon Go, a popular smartphone

game that displays digital characters in the real environment for players to “catch”

(Fig. 11.1; Niantic, 2016). These programs use smartphones and other ubiquitous

mobile devices, but other hardware can also be used.

One example is Magic Mirror, an AR make-up tool that uses a mirror display to

allow shoppers to “try on” certain make up choices before buying (Javornick, Rogers,

Moutinho, & Freeman, 2016). Microsoft HoloLens allows users to view virtual content

ranging from browser windows to Minecraft video game scenes visually combined with

their living environment (Microsoft, 2017). With HoloLens, users can “project” a TV

show on a wall, have a virtual pet move about their room, play games on their table, or

use the Microsoft Office Suite without the constraints of a monitor or physical input

device (e.g., a computer mouse). Fig. 11.2 shows AR being used in a study of estimat-

ing food portions, where the goal portion, shown as a 3D pyramid on the left, can only

be seen by looking through the tablet camera (Matalenas, 2017). Despite these many

example applications, AR technology is in its infancy and much about the principles

needed to create interesting, informative, and seamless user experiences is unknown.

The many (inter)faces of AR

Because AR is such a new technology it is worth surveying the types of interfaces

that incorporate AR, noting their affordances, and their limitations. One unique
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Figure 11.1 Screenshots from a mobile phone playing Pokémon Go, an AR game that

necessitates moving around to collect the characters. The game uses information from GPS,

maps, and crowd-sourced location data to place characters along roadways and otherwise

integrate them into the real environments of any city. The left panel shows an action that can

be taken on the 2D interface (“throwing” the ball) that will act on the augmented figure. In

the right panel, it is possible to see the virtual shadow helping to ground the augmented

figure into a real environment.

Figure 11.2 Augmented reality being used to show proper food portion sizes. The patterned

paper on the left informs the AR system of what size cone to show when viewed through the

camera on a tablet computer. The human tries to measure out a portion of quinoa similar to the

goal amount shown by the cone (Matalenas, 2017). Thus, the contextual environment remains

the same, save the addition of “augmented” information available via the computer. View of

such AR can be done via tablets, smartphones, glasses, or any computer-mediated display.



aspect of AR is the difficulty in classifying displays versus interfaces. In traditional

technologies, such as PCs, tablets, and smartphones, the display is a screen of infor-

mation that can change based on input. The interface is usually the type of input

device, (e.g., a computer mouse or touchscreen) combined with on-screen controls

(e.g., menus, buttons), that act on the display. However, in AR the display and

interface are often inseparable, with the interface being the display. For example,

when health information is displayed on the body to show actions taking place

within the body, one might turn over their arm to see the “inside” from a different

angle. Thus, the arm displaying the augmented information is both a display of that

information, and the input device to see different information.

Another unique affordance of AR is the variety of interface styles. These inter-

face styles can range from traditional user interface elements like buttons and

menus to tangible interfaces in AR where the user picks up or touches an object

that controls the interface. This allows for more environment- and context-specific,

situated interactions in which the user interacts with the system using elements

present in the environment or the context of the interaction. For example, the

Microsoft HoloLens scans the room of the user to track items in the environment

and display augmented content appropriately on tables, walls, and around other

objects. This helps the virtual elements from the HoloLens to be more convincing

and natural to the users as it is embedded into the actual room with the user.

A situated interaction is one in which the user is present in the relevant environ-

ment or context of the interaction. Situated interactions can provide benefits for

learning and for recall of learned information. Additionally, situated interactions

can provide information to clarify or guide understanding of an environment. For

example, information is available online or on packaging about the nutrition in oat-

meal. This can be combined with information on what nutrition and portions are

best for a breakfast that adheres to a diabetes diet. However, integrating across

these sources of information is difficult and the two pieces of information are phys-

ically separate from the physical oatmeal. In AR, the information can be situated on

or in the oatmeal itself, in the context of breakfast, or even in the context of other

foods intended to accompany the oatmeal. This reduces the need for the user to

translate and integrate information across sources.

“Opportunistic controls” within AR (Henderson & Feiner, 2008) are another

example of providing environment- and context-specific interfaces with situated

interaction. With opportunistic controls, virtual menus are visually overlaid on the

relevant physical elements in the real world. The user can then touch (and poten-

tially manipulate) the physical elements to browse and choose from items on a

menu. For example, imagine an older user with type 2 diabetes is trying to choose

healthy food from their fridge. With an AR device, the user can cycle through

diabetes-related nutrition information and food choices using virtual menus. These

menus can appear on the fridge or even on the food in “opportunistic” areas. If a

user is curious how many grams of carbohydrates are in a slice of bread or what

kind of recipes they can make with broccoli, they can look at the item for nutrition

information, and once they’ve decided that’s what they want to eat, they can pick

up the item to display example meals with recipes. This way, the natural
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affordances of using a refrigerator and picking up items have become a part of the

interface itself. For older adults self-managing their health, the benefits of these

types of interactions include a reduction in the need for learning controls (i.e.,

opportunistic controls capitalize on affordances in the environment to create more

natural interactions), increased context for learning and recall, and opportunities for

perceptual and cognitive benefits (e.g., increased visual salience, lower working

memory needs) due to the specificity of information.

AR information browser interfaces

Information browsers in AR are typically applications where the user looks around

and sees augmentations registered with the physical world. Billinghurst, Clark, and

Lee (2015) noted that the interfaces to such systems are often 2D controls on a

touchscreen, allowing the user to filter layers of information or turn certain aug-

mentations on and off. This class of applications encompasses the majority of AR

systems since most are situated visualization viewers where all the user does is look

around the environment for augmentations. An example relating to aging and health

might be looking through a tablet at a meal choice at a restaurant. The AR display

could show nutrition information and portion size on each food item. The user

could turn off the nutrition information layer on the tablet, leaving only portion size

remaining. A caveat is that more information is not necessarily better for informa-

tion browser interfaces. It is easy to make the 2D interface unwieldy or difficult to

operate while looking “through” the tablet or phone display.

Natural interfaces and 3D interfaces

Natural interfaces allow body movements to be used as input for the AR display.

For example, a pinching motion on a tablet can allow a user to pick up a virtual

item in AR or a spreading movement of the fingers can increase the size of a virtual

item in AR. Natural interfaces allow for the body to be the input device and take

away the need for other physical items or devices for interacting with the AR inter-

face. The most widely known commercial example of this type of interface is the

Microsoft Kinect gaming system. For some of the available games, player motion is

mapped directly to the motion of an avatar on the screen for gesture-based control

(e.g., the player raises their arm and the avatar raises their arm). Gesture-based con-

trols may have cognitive benefits as well—being able to use gestures when explain-

ing math problems has been shown to reduce the load on working memory (Cook,

Yip, & Goldin-Meadow, 2012) and seems to aid memory in general (Cook,

Nusbaum, & Goldin-Meadow, 2004). A similar literature on performing actions or

imagining performing actions also indicates that gestures support learning and

memory (Schmidt & Wrisberg, 2008). There are no studies yet of gesture-based

natural interfaces supporting learning or memory or reducing load while learning,

but the related literatures point toward a potential benefit. This is particularly inter-

esting when brainstorming how to extend these results to AR for older adults. If

gesture-based communication reduces working memory demands, gesture-based
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AR interfaces may help to reduce the complexity of health management tasks. In

the human factors literature, we often call these natural interfaces “direct input”

devices.

Previous research suggested that direct interaction methods, such as using a

touchscreen or stylus, are most suitable for older users (Charness, Holley, Feddon,

& Jastrzembski, 2002; McLaughlin, Gandy, Allaire, & Whitlock, 2012; Rogers,

Fisk, McLaughlin, & Pak, 2005). In the study by Charness et al., older adult perfor-

mance was compared using a computer mouse or a light pen (essentially the same

as a stylus.) Older users were faster and more accurate with the direct input

device—the light pen. The benefit of direct devices made sense, as indirect devices

involve mental and physical translation (i.e., moving a mouse forward moves it

“up” on the screen and moving it a few inches on a mousepad moves it many

inches across the display). There have been technological advances since then that

also likely tip the scales in favor of direct input devices. In the 2002 study, partici-

pants were working with an upright screen. This is understandably more tiring with

a direct device because the arm must be kept in the air. Current tablets and tablet-

PCs such as the Microsoft Surface can be used comfortably on a table or lap.

McLaughlin, Rogers, and Fisk (2009) found that it was more important to match

the type of input device (direct or indirect) to the type of task than it was to choose

a particular input device for older adults. Older adults were faster to change settings

on an interface when given an indirect device (a knob) when those settings required

repetitive motion on a direct device (a touchscreen) (multiple taps). They were

faster to operate an interface that just needed an activating tap or swipe if given a

touchscreen instead of a knob.

Though the interface used in the study was not AR, similar indirect controls can

be built into an AR interaction. For example, using input devices such as controllers

(e.g., VR controllers such as the Oculus Touch controllers) to manipulate objects

would be considered indirect. Even a device traditionally considered direct (the

touchscreen on a tablet) can have indirect controls on it for AR where a movement

on the tablet is translated to an action. For example, if AR is being viewed through

a tablet and it is desirable to rotate an augmentation shown through the screen, this

can be done by touching arrows on the 2D interface of the tablet. Because the

arrows translate the tapping movement of the finger to a rotation of an object, it is

an indirect input.

Another affordance of 3D interfaces is their tacit encouragement of physical

exploration. Providing interfaces and devices that a user can interact with in 3D

space encourages manipulation of objects (Piekarski, 2006). Further, when 3D AR

visualizations allow 3D interaction (e.g., picking up, rotating, perspective change),

this heightens the situatedness of the user—their connection to the natural world

(Avery, Thomas, & Piekarski, 2008). We can assume (with caution) that many tasks

in virtual and mixed reality will have similar results in AR (e.g., Lee, Rincon,

Meyer, Höllerer, & Bowman, 2013). For example, Bisson, Contant, Sveistrup, and

Lajoie (2007) explored the use of augmented virtuality (a type of mixed reality that

integrates real objects into a virtual world) to successfully train and improve

balance in older adults using a game where older adults would lean to one side or
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another to hit virtual items on a screen. The intervention would be considered mixed

instead of augmented or virtual reality because the person was able to see their real

body in the virtual game environment—compare this to AR where a person would

see an augmented body or object in a real environment. These older users saw

improvements in balance after 10 weeks of training. AR could allow similar interac-

tions by projecting virtual items into the real environment. For example, projecting a

virtual ball to the right side of the body to allow for the same leaning as in the prior

example. Thus, if we examine these results and results from similar studies, we can

integrate their design suggestions into AR for safer and more useful base designs for

experiments with AR in older adults. Some researchers are currently exploring the

use of virtual reality simulation environments to run AR studies. For example, one

group of researchers explored the effects of AR visualizations for older adults in a

driving environment (Schall et al., 2013). Because this environment is potentially

dangerous to test in, the researchers used a driving simulator (VR) to provide a safe

environment to test the AR visualizations. A potential drawback to 3D interfaces is

that they often have unintentionally hidden information due to their dimensions. If a

user does not investigate, or does not know to investigate, the other sides of a 3D

interface, they may not receive the intended information or experience from the AR.

Tangible interfaces

Tangible interfaces take 3D interaction further through physical interaction with

real objects. These types of interfaces involve the mapping of virtual elements by

AR onto physical objects and the manipulation of these physical items in the real

world to change the display of the virtual elements (Billinghurst, Grasset, &

Looser, 2005). For example, if a medical device is accompanied by an AR manual,

the user can see instructional projections of images above the page and they can

interact with the manual to change, inspect, and rotate the image, or flip the page to

remove the image or display a new one on another page. One of the first types of

tangible interfaces was marker-based and consisted of a series of physical cards that

users would move and place to interact with the display (Kato, Billinghurst,

Poupyrev, Imamoto, & Tachibana, 2000). These marked cards allowed for 3D

exploration through physical handling. Some manipulation methods suggested by

the investigators included (1) inclining, (2) pushing down, (3) picking and pulling,

(4) and shaking. These interactions with the virtual elements should lead to

expected outcomes for users. For example, when inclining a card, any augmented

object registered on the card should slide down the side of the card. When shaking

the card, it may clear the card or change to a new object. Drawbacks are similar to

those of 3D interfaces: when not all information is shown the user may not know

it’s possible to investigate further by handling the tangible interface.

Multimodal interfaces

Multimodal interfaces (MMIs) combine different input modalities (e.g., gesture,

speech, eye gaze) to allow for more than one type of interaction using the same
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display. Irawati, Green, Billinghurst, Duenser, and Ko (2006) conducted a study

using MMIs and found that participants were able to complete tasks with both ges-

ture and voice inputs 35% faster than with gesture alone. This is beneficial to users

who may need to perform multiple tasks or who may not know how to complete a

task using a single input modality. MMIs are also useful to those who have issues

with one or more senses: Those with impaired vision can utilize more of the auditory

aspects of an interface, for example. One study incorporated audio in AR clothing

for a role-playing patient that taught doctors to recognize the sound of a heart mur-

mur (See, Billinghurst, Rengganaten, & Soo, 2016). Another, Geo-Docent, tags AR

multimodal content to the environment (Chapman, Riddle, & Merlo, 2009). Users

can access recordings of video and audio about the environment while they explore

and other users can access that audio and video when they near the same locations.

Another study examined the usability of gesture and/or voice input for an AR dis-

play (Lee, Billinghurst, Baek, Green, & Woo, 2013). The researchers compared inter-

action with an AR display used to select and change the color and size of augmented

objects. They compared the use of interfaces with only gestures, only voice, and an

interface with both gesture and voice. From this work, they found that using that MMI,

the users were faster at task completion than a gesture only interface, but no different

than speech only. They also found that there were no differences in the number of

errors committed by users, but that the users felt that the MMI was more natural, easy

to use, and subjectively more effective than either of the other interfaces. The investi-

gators also noted that speech commands were more helpful for descriptive commands,

but that the gesture-based commands were better for spatial tasks. Thus, it is important

to consider the task modality when integrating input modalities.

Issues with MMIs tend to be practical. To involve vision, hearing, and touch,

these interfaces often need more sensors, speakers, and displays than other AR

interfaces.

Social/collaborative interfaces

Social interfaces are those in which information from others is visible to the user,

impacts the user’s display, and/or influences the user to engage in certain behaviors.

Geo-Docent, mentioned in the previous section, is a social/collaborative AR pro-

gram. Collaborative AR interfaces can be socially co-located (all users are present

in the same space) or socially remote (users are present in different spaces) and the

interaction can be synchronous, where all users interact at the same time, or asyn-

chronous. One example of a social application in AR is WearCom, a program that

allows remote users to work together in synchronous time by projecting three-

dimensional avatars of remote participants into the conference room (Billinghurst &

Kato, 1999). Another AR system was created by Lukosch, Lukosch, Datcu, and

Cidota (2015) to test how an individual and a remote viewer would work together

on a highly detailed, spatial task (investigating a crime scene). Generally successful,

those using the AR system were able to work together and reported high situational

awareness via AR (though the system did increase subjective workload for the
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remote and present users.) It is not a difficult extension to imagine a similar system

aiding the caretaker of an older adult family member in working together to solve a

complex home or health task. A benefit of using AR rather than VR or teleconfer-

encing is that AR produces higher feelings of social immersion (Billinghurst &

Thomas, 2011). The roles of social support and social pressure are well-studied in

the health psychology literature (e.g., Antonucci, 2001; Hayslip, Blumenthal, &

Garner, 2015), making a socially present AR program likely desirable to bring peo-

ple together.

Mirror interfaces

An AR “mirror” interface is a display (usually a computer screen) that mirrors the

world in front of it through use of a camera. Looking into a mirror AR interface

one can see oneself and the environment around and behind. The AR augmentation

is to “mark up” what is viewable in the mirror-camera. For example, AR mirror dis-

plays allow users to virtually preview makeup (Rahman, Tran, Hossain, & El

Saddik, 2010), jewelry (Chu, Dalal, Walendowski, & Begole, 2010), clothes

(Begole et al., 2009; Eisert, Rurainsky, & Fechteler, 2007; Zhang, Begole, Chu,

Liu, & Yee, 2008), and glasses (Yuan, Khan, Farbiz, Niswar, & Huang, 2011). AR

mirrors can age a user’s face (Kitanovski & Izquierdo, 2011), instruct in martial

arts (Hämäläinen, Ilmonen, Höysniemi, Lindholm, & Nykänen, 2005) or assist in

playing an instrument (Ng et al., 2007). One drawback to AR mirror systems is that

they require larger displays or as well as precisely calibrated cameras and lighting,

meaning they are less portable than other types of AR.

Information visualization across interfaces

Evaluation of AR visualization techniques has often focused on perception (e.g., depth

and spatial perception; Avery, Sandor, & Thomas, 2009; Sandor, Cunningham, Dey,

& Mattila, 2010). Mendez and Schmalstieg (2009) developed a variety of techniques

to create visualizations and warned against “naive” augmentations, designed to reveal

hidden structures inside a physical object that inadvertently obscure context or lack

depth cues. They concluded that an effective augmentation considers what parts of the

physical world should be occluded by the virtual content and then controls the infor-

mation added to the physical scene. Similarly, Kalkofen, Mendez, and Schmalstieg

(2009) framed the relationship of real and virtual objects in AR visualization as one of

focus1 context; the goal is to either provide virtual context to a physical object or for

the user to focus on a virtual object embedded in a physical context. For example, an

empty plate could have overlaid virtual representations for the portion size of fruits,

grains, vegetables, and proteins, as recommended by MyPlate (www.choosemyplate.

gov; USDA, 2017), giving user a virtual context to guide their physical portioning. In

almost the same task, a virtual food item could be shown alongside actual food already

on a plate to encourage the right choices, using the physical context of other foods to

add more meaning to the virtual content. And these augmentations approaches can
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adapt throughout the experience, changing as the user interacts with the physical and

virtual content and explore it in different ways (e.g., adding more food to the plate,

pointing at a virtual or physical item, moving the plate closer to the camera etc.).

Others such as Zollmann et al. (2012) have used these “focus1 context” interaction

techniques to guide the design of 4-D AR elements that show changes over time.

AR visualization techniques have been explored in the medical domain, ranging

from a full-body system to teach ultrasound techniques (Blum, Heining, Kutter, &

Navab, 2009), to delicate needle biopsies (State et al., 1996), down to laparoscopy

(Bichlmeier, Heining, Rustaee, & Navab, 2007). The results have shown that virtual

augmentations situated on the body at a variety of scales are an effective presenta-

tion method for physiological information and that medical professionals and trai-

nees can use AR systems efficiently. For example, Navab, Mitschke, and Schütz

(1999) first demonstrated the use of AR for more accuracy using a C-arm, which is

a device used to guide a needle to a specific area of the body. Traditionally, to do

this, physicians watch an ultrasound screen to see where the needle is in relation to

the body. Providing the context of the body with AR allowed for higher accuracy

and lower time to perform the procedure. Additional iterations on the design later

revealed that users experienced increased depth perception when the virtual content

was reduced to a small virtual “window” that allowed the user to look through the

person’s body (Erat et al., 2013). This work highlighted the importance of not over-

whelming the user with virtual augmentations, but rather striking a delicate balance

with the visual design between the virtual imagery and critical physical context.

Caution must be taken in assuming these medical visualization studies will apply

directly to older adults’ understanding of medicine and health. The target user in

those systems was typically a medical expert, such as a doctor, nurse, or technician.

The systems were designed either to train these experts or for use during live proce-

dures. As a result, the virtual representations needed to be realistic and absolutely

precise in registration representation. For example, one such study examined the

use of VR and AR for a specific medical imaging procedure in 52 live surgeries

(Okur, Ahmadi, Bigdelou, Wendler, & Navab, 2011). This visualization was used

to guide medical professionals to specific areas in which a radioactive material was

present to allow for a more accurate SPECT scan. These researchers found that AR

visualization was used more often than VR visualization; however, they also noted

that AR was used for more “big-picture” visualizations of what was happening in

the body and more precise tasks were associated with more VR use.

Such system requirements differ from those for older adults managing health

conditions, where the goal is for the user to gain a general understanding of their

condition and knowledge and skills that will help them manage the condition.

However, the medical domain does provide examples of proven techniques for con-

veying complex visual data of bodily process via AR and which rendering techni-

ques work well in that context. For example, the Mirracle system is an AR mirror

for teaching anatomy. The user sees a volumetric rendering of a CT dataset overlaid

on their body and gestures to browse through “slices” of the self, augmented with

3D models of organs, text information, and images (Blum, Kleeberger, Bichlmeier,

& Navab, 2012). This system works with the camera from the Kinect but is still
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a proof of concept rather than a system tested to see if it helps anatomy students

learn. However, users were successful in interacting with the system to browse their

body, showing that the interaction techniques were sound.

AR affordances and age-related changes in abilities

All of these AR interfaces, information visualizations, and interaction designs are

viable for use by older persons, however designers must map the affordances of the

interface to the needs of the user and the type of task being performed. Virtually no

work has been done to assess older adult use of AR. However, to inform these

fields we can turn to the well-established literature on age-related changes in per-

ception, cognition, and movement ability to present the older adult needs that AR

must support.

Cognitive factors

Adult cognition may be divided into two categories: crystallized intelligence and

fluid abilities (Horn & Cattell, 1967). Crystallized intelligence refers to the amas-

sing of knowledge across the lifespan, from declarative knowledge such as histori-

cal facts and general knowledge about the world to social knowledge, such as how

to deal with or interpret the actions of others (Carstensen, Fung, & Charles, 2003;

Scheibe & Blanchard-Fields, 2009; Urry & Gross, 2010). Seeing a wooden block

with a letter on it and knowing that it is highly likely the other sides of the block

also contain letters would be an example of this kind of intelligence as is the knowl-

edge that a waving avatar is giving a greeting. Thus, it is possible to see how crys-

tallized knowledge could be leveraged in the design of AR for older adults.

Objects, such as blocks, can retain their real-world properties in AR even when

they are added as an electronic augmentation to an environment. Plates, utensils,

and food are all familiar items with predictable properties, helping the AR user to

understand what can be done with them, often without instruction. Of course, in

poorly designed AR (where familiar objects take on unfamiliar uses or don’t allow

expected interactions), older users may be adversely impacted by their dependence

on crystallized intelligence to inform the interaction. Many of the types of AR inter-

faces (information browsers, natural interfaces, tangible interfaces, mirror inter-

faces) can incorporate the crystallized knowledge of the user for what interactions

are available and what real-world objects are prior to being augmented, so the infor-

mation display and controls are grounded in an understanding of the world. For

example, projecting an AR “scale” on the ground would make it likely instantly

understandable that one should step on it.

Fluid abilities include attention, spatial abilities, response time, reasoning, per-

ceptual speed, visual search, memory recall, and numerical ability (Christensen

et al., 1994; Finkel, Reynolds, McArdle, Gatz, & Pedersen, 2003; Finkel, Reynolds,

McArdle, & Pedersen, 2007; Fisk, Hertzog, Lee, Rogers, & Anderson-Garlach,

1994; Hertzog, Dixon, Hultsch, & MacDonald, 2003; Schaie, 2005; Wilson et al.,

2002; Rogers, 1992; Rogers & Fisk, 1991). These abilities tend to show age-related
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decline. Within the overarching category of attention there are several subabilities

that are separable in how much they may be called upon to interact with an AR sys-

tem. The subabilities specific to use of AR are likely working memory capacity

(Hasher & Zacks, 1988), attentional control (Kane, Bleckley, Conway, & Engle,

2001; Milham et al., 2002), inhibition of unnecessary information (Hasher & Zacks,

1988), and the unprompted recall of long-term memory (Craik, 1983; Lindenberger

& Mayr, 2014). Appropriately designed AR can support tasks that require these

abilities. For example, many medications have multiple rules (with high working

memory demands) that need to be integrated into a regimen (e.g., do not take with

food, take twice a day, do not eat grapefruit while taking this medication, take with

a meal, take if X symptom appears, stop taking if X symptom appears, do not take

this medication if you drink three or more alcoholic beverages per day). The AARP

reports that persons over 45 are managing an average of four different medications

each day (AARP, 2005), meaning that planning and executing a regimen is chal-

lenging and error prone (Morrow et al., 2012). Studies show at least half of older

adults do not take their medications correctly (Cutler & Everett, 2010; Morrow &

Wilson, 2010).

Looking back through the affordances of AR interfaces, we can speculate how

each might be harnessed to support lower working memory capacity, issues with

attentional control and inhibition, and recall in medication tasks. For example,

information browser interfaces can be mapped to show information about each

medication as it is being examined, including records of when it was last taken or

needs to be taken in the future. This augmentation could provide more information

than the label on the bottle, but only what is important to the individual user. Pills

themselves can be TUIs: Imagine the information about each pill responds to being

in proximity to another. Pills sorted together on a table could warn the user about

possible interactions. With a social or collaborative interface, a caregiver or health-

care provider could place or sort medications in their own space that then are shown

to the patient in his or her own space, with appropriate groupings and instructions.

AR allows faster localization of objects than other displays (i.e., LCD, HUD;

Henderson & Feiner, 2009), meaning that the older user can be oriented to what

needs their attention and extra information can be suppressed. All of these inter-

faces should reduce the load on the working memory of the user, their need for

long-term recall of instructions or past behavior, and helping them to ignore infor-

mation in the instructions or environment that doesn’t apply to the current task.

The augmentations in AR should still be chosen carefully to avoid overloading

the user with information. As another example of applying the literature on cogni-

tive aging to the potential design of AR, previous research suggests that older adults

tend to compensate for slowed visual search by using a serial scanning mechanism

instead of a parallel processing mechanism (Gottlob & Madden, 1999). Thus, clutter

in AR could be especially detrimental to older user performance due to serial scan-

ning of each item. However, the affordances of AR, such as highlighting or other-

wise making a target more salient, can help older users avoid the need for serial

scanning. For example, if a diabetes diet is desired, low carbohydrate foods could

be highlighted inside a refrigerator while less-desirable foods are dimmed.
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Changes in learning associated with age are linked to changes in fluid abilities.

This affects the acquisition of both knowledge and skill. One way to reduce the

demands on fluid abilities is to provide more structured or repetitive learning, typi-

cally in the form of worked examples (Paas & Van Merriënboer, 1993; Sweller,

1988). Use of such prescribed content tends to result in greater performance for

older adults compared to conceptual instruction or discovery-based learning

(Morrell, Park, Mayhorn, & Kelley, 2000; Rogers, Campbell, & Pak, 2001).

Unfortunately, such specific instruction also tends to result in “route following”

behavior and when attributes of the task change, even superficially, the route

follower is more easily confused than one with a conceptual understanding. Thus,

in managing a complex health condition, highly specific training may be sufficient

for tasks that never change but insufficient when the person is faced with a new sit-

uation that requires problem solving. Klein and Lippa (2008) called for conceptual

training methods to be developed for older persons and suggested simulation train-

ing, which allows for a safe exploration of choices and has benefited training pro-

grams in aviation and medicine. AR is perfectly matched to the idea of simulations

as it allows display of results from simulations as though they had actually hap-

pened. For example, a traditional display might allow the input of a meal and pre-

dict blood sugar changes, but an AR simulation can show those changes directly on

(or a view inside) the body. The concern with such a system is that the older adult

population is not selected in the same way as pilots or doctors; diabetes training

must serve a large range of ability levels and simulations may not be appropriate

for older adults due to the cognitive resources needed for trial-and-error exploration

of a simulation (Klein & Lippa, 2008).

Perceptual factors

Age-related changes in perception are numerous, including visual changes, hearing

changes, proprioceptive changes, and changes in the sense of touch (Schaie &

Willis, 2016). The solutions that compensate for these losses tend to be technologi-

cal: bifocals are a common solution for increased farsightedness, though they can

make reading displays more difficult. Hearing aids bring back lost frequencies, but

can be difficult to pair with headphones or other technologies. Solutions for bal-

ance include ramps and hand bars. The main benefits of AR for perceptual factors

are that (1) AR can be adjusted to suit the perceptual ability of the user and (2) per-

ceptual modalities can be added that would not be present without AR. For exam-

ple, words shown in an information browsing display can be of any size or

contrast, rather than being limited to a print size. MMIs can add visual, auditory,

and haptic information to a display so that if the user has difficulty with one, there

is information available through the other modalities. For example, AR paths can

be shown on the ground to aid wayfinding and reduce the user’s dependance on

signage. Auditory AR can be triggered by being in certain locations, giving verbal

guidance toward a room in a building, a car or transit location, or any number of

desired targets.
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This is not to say that perceptual difficulties have been solved for AR. Much of

the literature in AR is on engineering better perceptual experiences, from providing

more accurate depth perception of augmentations (e.g., Choi, Cho, Masamune,

Hashizume, & Hong, 2015) to avoiding the sense that augmentations are “floating”

rather than part of the environment (Furmanski, Azuma, & Daily, 2002), and how

to reliably generate readable text on a multitude of complex backgrounds (Gabbard,

Swan, & Hix, 2005; Gabbard et al., 2006; Leykin & Tuceryan, 2004). Progress con-

tinues on these problems but we believe that they need to be examined specifically

for older adults rather than with the most common AR testers (students or adults

younger than 35).

Movement factors

Age-related changes in movement are generally thought of as slowing—slowed

reaction time, slowed choice-reaction time, and slower movements altogether

(Verhaeghen, 2016). However, other age-related changes in movement include

increased noise in the system, making for less accurate and controlled fine move-

ments, some to the point of a diagnosis of tremor. There have been advances in tra-

ditional display and control technologies, such as “sticky” icons that draw a mouse

cursor closer to them when it is nearby (Ahlström, Hitz, & Leitner, 2006; Worden,

Walker, Bharat, & Hudson, 1997), and changing the gain on a computer mouse so

that it moves more slowly to allow broader movements by the user to be translated

into small movements by the cursor. These concepts should translate well to the

affordances of AR interfaces. For example, a gesture-based interface can capture

the ballistic movements of a user and interpret their intent. These gestures can be

larger than the fine movements required for gesturing on a tablet touchscreen but

accomplish the same task.

3D AR interfaces also allow exploration of objects and information without an

input device as an intermediary or can allow any object to be that intermediary,

such as a pen for pointing. This flexibility can allow appropriately designed AR to

be matched to the movement capabilities of the user. For example, if an older user

with movement control issues wanted to explore WebMD for medical information,

they would be limited by the size of the clickable areas on the screen. An AR inter-

face could display similar information on a tabletop, activated by an entire hand

touching the target the user wants more information on. This translation of a web-

site from a traditional display to being on a large physical object could also be aug-

mented by 3D information when necessary—e.g., instead of showing a photo or

illustration of a symptom from WebMD, it could be seen situated on a 3D body.

Table 11.1 provides a summary of previous research relating aging and AR.

However, it is important to note that many of the topics researched in AR are more

general and are not specific to the aging population. It is particularly important to

discuss the implications of AR for older adults and the limitations of current AR

systems for cognition, perception, and movement of older adults to provide a frame-

work for future design of AR displays. The table provides a list of potential

research questions yet to be answered.
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Table 11.1 Age-related considerations for the design of AR

Age-related change AR knowns relevant to aging AR unknowns for older adults

Cognition

Attention � Slowed attention allocation and

preference for serial visual scanning

(Gottlob & Madden, 1999)
� Distracting information more detrimental

as selective attention declines (Tipper,

1991)
� Many components of attention decline

(Braver & West, 2011)

� AR cueing increases attention to expected

objects, but not unexpected ones (e.g., Yeh &

Wickens, 2001)
� Cueing increases detection of pedestrians and

warning signs but not other vehicles in a

driving task (Rusch et al., 2013)
� AR allows faster localization of objects than

other displays (i.e., LCD, HUD; Henderson &

Feiner, 2009)
� AR improves hazard detection by older adults

during driving simulation, but does not

interfere with secondary object detection or

ability to maintain a safe distance from other

drivers (Schall et al., 2013)

� How might AR utilize masking or hiding of

unnecessary information to reduce cognitive

load?
� How should AR alerts be designed for older

adults (e.g., while driving)?
� Does use of AR require additional attention

resources?

Working

memory

� Working memory capacity decreases

(Salthouse, 1994)
� Compensatory strategies include using

support from the external environment

(e.g., checklists, timers, social cues;

Hasher & Zacks, 1988)

� Reduction in spatial navigation errors and

distraction in older adults using a simulated

AR windshield for driving (Kim & Dey,

2009)
� Spatial abilities improved from using an AR

training tool due to gesture-based controls,

spatial use of AR, 3D nature of display. This

context also reduces cognitive load due to

decreased complexity (Lee, Chen, & Chang,

2016)

� Can integrating objects, information, and

location reduce working memory demands

for health-related tasks?
� How can we design AR to reduce the need

for working memory in health tasks?

Long-term

memory

� Knowledge preserved while fluid abilities

decline (Horn & Cattell, 1967)
� Memory for contextual information and

source information decreases and the

storage of such information is more

effortful (Burke & Light, 1981)

� No research found on the impact of

presenting information or experiences via AR

on long-term memory of older adults

� How can AR remove short and long-term

memory demands via virtual elements?
� How should AR reminders and cues be

integrated into the environment?

(Continued)



Table 11.1 (Continued)

Age-related change AR knowns relevant to aging AR unknowns for older adults

� Retrieval deficits present, especially

without environmental support (e.g.,

Wingfield & Kahana, 2002)
� Encoding deficits (e.g., Friedman,

Nessler, & Johnson, 2007)

� Which health behaviors depend on long-

term memory recall and how can they be

assisted by AR?

Inhibition � Difficult to ignore salient stimuli (e.g.,

flashing or brightly colored) (Hasher,

Stoltzfus, Zacks, & Rypma, 1991;

Hasher & Zacks, 1988; McDowd, 1997)

� Making the road more salient reduced some

issues with multitasking for older drivers

(Kim & Dey, 2016)
� “Diminished reality” in AR attracts attention

to the target by dimming real-world

distractors (Ienaga et al., 2016)

� How can highlighting be used to simplify a

complex environment or health task?
� What should “diminished reality” look like

to reduce clutter in the environment or

health task?
� How is “diminished reality” perceived by

those who have age-related changes in

vision?
� Can AR displays increase inhibition of

incorrect heuristics or recall (e.g., via

masking or blocking) for health behaviors?

Perception

Vision � Decreased visual acuity (Klein, Klein, &

Lee, 1996)
� Increased prevalence of binocular vision

and eye movement disorders (Leat et al.,

2013)
� Color vision deficits increase, especially

blue-yellow deficits (Schneck,

Haegerstrom-Portnoy, Lott, & Brabyn,

2014)
� Loss of peripheral vision (e.g.,

glaucoma; Quigley & Broman, 2006)
� Presbyopia (Glasser & Campbell, 1998)
� Perception of motion (Tran, Silverman,

Zimmerman, & Feldon, 1998)

� Allows 3D visualization of traditionally 2D

information (e.g., Maps; Savova, 2016)
� Allows projection of information to allow for

better planning (Abhari et al., 2015)
� Successfully increases restricted FOV

(Vargas-Martı́n & Peli, 2002)
� AR can change the amount of food consumed

by augmenting the visual perception of the

portion size (Narumi et al., 2012)
� Depth information can be lost in AR and VR

environments (e.g., Jones, Swan, Singh,

Kolstad, & Ellis, 2008)
� The brightness of an augmentation can make

it difficult to see other real objects (Duh, Ma,

& Billinghurst, 2006)

� How do people with bifocals perform with

AR overlays?
� How can age-related changes in acuity be

supported by AR?
� What types of AR depth cues can provide

benefits to visual performance?
� How should colors and contrast levels be

chosen to best suit older adult users?



Touch � Wickremaratchi and Llewelyn (2006)

review overall changes in touch due to

age
� Thickening of skin on fingers (Carmeli,

Patish, & Coleman, 2003)
� Light touch threshold increased
� Increased thermal pain threshold
� Some vibration sense thresholds

increased—light touch and pain

preserved
� Less fine touch sensation
� Spatial acuity decreased

� Surgical tools can provide realistic haptic

feedback and increase immersion during AR

simulations (e.g., Lemole, Banerjee, Luciano,

Neckrysh, & Charbel, 2007)
� Haptics and tactile feedback through AR is

developing and moving away from heavy

wired gloves to TUIs (Bai, Lee,

Ramakrishnan, & Billinghurst, 2014; Hürst &

Vriens, 2013)

� How can augmented haptic information

support age-related changes in touch

sensitivity?
� When a TUI is mapped to an object shaped

differently than the augmentation, are there

age differences in being able to translate it

for use as an interface?

Hearing � Presbycusis (NIDCD, 2016)—leads to

decreased ability to hear high frequency

sounds and decreased ability to

differentiate words
� Hearing loss is also linked to problems

with memory (Tun, McCoy, &

Wingfield, 2009)

� Augmented audio interfaces have been

successfully used in museums and gaming to

help with navigation and augmenting visual

displays (e.g., Hatala, Kalantari, Wakkary, &

Newby, 2004; Moustakas, Floros, &

Grigoriou, 2011)
� Audio in AR can be the entire experience, as

in Voices of Oakland, a tour of a cemetery in

Atlanta, GA (Dow et al., 2005)

� How does augmented audio need to be

designed to support age-related changes in

hearing?
� Are there age differences in ability to use

spatial audio from AR interfaces?
� How does AR audio interact with hearing

aids?

Proprioception � Declines in proprioception (Skinner,

Barrack, & Cook, 1984)
� Balance more difficult especially when

multitasking (Granacher, Muehlbauer, &

Gruber, 2012)
� Posture more unstable and compensatory

strategies used (Granacher et al., 2012)

� AR was more effective for training balance

exercises than a traditional training program

(Im et al., 2015; Yoo, Chung, & Lee, 2013)
� Many studies supporting AR for balance

training (Bianco, Pedell, & Renda, 2016)

� How can AR be used to provide

proprioceptive cues and feedback to help

age-related changes in proprioception?
� Does including AR elements in the

environment affect balance or navigation for

older persons?

Smell � Increases in olfactory impairment

(Murphy et al., 2002)
� Smell and taste impairment in people

with diabetes (e.g., Hillson, 2014)

� MetaCookie successfully provided

augmentation of smell to change taste

perception of foods (Narumi, Nishizaka,

Kajinami, Tanikawa, & Hirose, 2011)

� Unclear how AR can provide benefits to

age-related or diabetes-related olfactory

changes
� Can AR provide visual information that

substitutes for age-related olfaction decline?

(Continued)



Table 11.1 (Continued)

Age-related change AR knowns relevant to aging AR unknowns for older adults

Movement

Movement

time

� Generally slowed movements, particularly

when task difficulty increases (Goggin &

Meeuwsen, 1992)

� Engineering advances not caught up with

human movements (e.g., difficult to track

fingers, Hürst & Vriens, 2013)
� Gestures are preferred interactions, but slower

than using touchscreens (Bai et al., 2014)
� Research on AR movement time not

conducted with older users

� How can AR provide assistance with age-

related general movement slowing?
� How should AR interfaces be designed to

accommodate slower gestures and

movements?
� What are the effects of making gestures

indirectly related to their function in AR

(e.g., large slow gestures could be translated

to faster motions needed for a game)?

Movement

control

� Less adaptation of velocity of

movements or distances needed to travel

(Ketcham, Seidler, Van Gemmert, &

Stelmach, 2002)
� More affected by changes in movement

amplitude than target size (Ketcham

et al., 2002; Ketcham & Stelmach,2004)
� Higher variability of movement

termination location (Ketcham &

Stelmach, 2004)

� AR has been used to rehabilitate loss of

movement from stroke (de Assis, Corrêa,

Martins, Pedrozo, & Lopes, 2016)
� The broad movements often needed for

AR/VR can be tiring (Jang, Stuerzlinger,

Ambike, & Ramani, 2017)

� Can AR adapt to the increased variability in

older adult movements (e.g., smooth jerky

movements)?
� Is AR accessible to persons with movement

disorders?
� How should AR interfaces be designed to

capitalize on the preserved capabilities of

older adults?
� Can AR simulations be used to train

coordination?

Strength � Strength decreases (Metter, Conwit,

Tobin, & Fozard, 1997)
� Grasp force increases to compensate for

slipperiness and higher variability in grip

(Cole, Cook, Hynes, & Darling, 2010)

� No AR research dedicated to strength � How does the use of AR change how older

adults might interact with physical objects?
� Does AR provide benefits for tasks that,

with physical objects, would require more

strength?
� Can AR training promote gains or minimize

loses to strength through augmented

feedback or guidance



Posture and

gait

� Severe perturbations affect posture and

balance (Alexander, 1994)
� Postural sway increases, particularly in

complex balance (e.g., closing eyes;

Alexander, 1994)
� Gait speed slows, stride length shortens

(JudgeRoy, Davis, & Õunpuu, 1996)

� AR visual cues may aid posture and gait for

those with Parkinson’s Disease (Espay et al.,

2010)

� How can information provided using AR

give proprioceptive and postural support?
� How can AR provide walking support?
� Can AR provide navigational cues to reduce

cognitive load while walking?

Experience

Knowledge � Acquisition of new skills and knowledge

is more difficult and takes longer (e.g.,

Smith et al., 2005)
� Knowledge preserved while fluid

abilities often decline (Horn & Cattell,

1967)

� AR has the potential to provide interesting

experiences to help with encoding of new

information. For example, exploring a

cemetery using mixed-reality audio

storytelling (Dow et al., 2005)
� AR supports and increases engagement and

learning through experiences in the real world

(i.e., field trips) and increases student-

centered learning (Kamarainen et al., 2013)
� Most studies of presenting information via

AR are not experiments and do not focus on

older adults

� Can the literature on industrial training via

AR be extended to older adult health

behavior training?

Skills � Skilled performance of learned tasks is

well-preserved (e.g., Smith et al., 2005)
� Social knowledge preserved (e.g.,

Carstensen et al., 2003)

� Though AR has been used to train skills in

industry, no research on older adult skill

acquisition could be found

� What are effective forms of feedback and

practice for training via AR?
� What is the impact of situated learning for

skills acquired using AR?
� How can AR design allow for skill practice

for varied tasks via simulations?
� What health tasks are most amenable to AR

simulation?

Each age-related change is paired with what is known in relation to design of AR and what is still unknown regarding the design of AR for older adults.



Type 2 diabetes: A case study for AR, aging, and health

The case study presented is an overview of the challenges older adults face when

diagnosed with type 2 diabetes and the (speculative) specific ways in which AR can

be used to ameliorate these challenges.

By 2050 the number of adults over 60 will outnumber those under age 15 for the

first time in history (CDC, 2011). With advanced age often comes health challenges

and the need to manage complex health conditions. These health conditions require

the acquisition of new knowledge, skills, and the motivation to change long-

standing behaviors. It is not surprising that individuals fail in many cases: older

adults experience frequent hospital readmissions and adverse events related to poor

medication adherence (e.g., Gurwitz et al., 2003). With new conditions, chronic and

otherwise, comes the need for new skills and knowledge to manage health and the

need to change behavior.

One of the most complex health conditions to manage, and one often diagnosed

in older age, is type 2 diabetes. Nearly 27% of persons over 65 have diabetes and a

further 40% have prediabetes (Chan, 2011; Cowie et al., 2009). The difficulties of

self-management for older adults with diabetes are not surprising given the intense

cognitive, physical, and motivational task demands of the disease (Polly, 1992).

Diabetes self-management is an especially difficult task as the effects of diabetes

are often asymptomatic in the short term, making it challenging for a patient to

understand the impact of daily choices on health. Further, the practice needed to

comply with self-management recommendations balanced with each person’s life-

style can be dangerous as deviation from optimal blood sugar has a lasting deleteri-

ous effect on the body.

The good news for persons with type 2 diabetes is that symptoms and complica-

tions are linked to behavior. Accurate self-management, including carbohydrate

management and diet, can delay onset or even prevent diabetes for those at high

risk (DPPRG, 2002; Lindström et al., 2003) and greatly reduce (or eliminate symp-

toms) in those diagnosed with the disease (Steven et al., 2016). Unfortunately, few

people self-manage well due to difficulty understanding complex recommendations,

difficulty acquiring diabetes-related skills (Cavanaugh et al., 2008; Shigaki et al.,

2010), and barriers such as a lack of feedback on their choices and difficulty main-

taining motivation (Glasgow, Toobert, & Gillette, 2001).

Cognitive demands of managing diabetes

Understanding the variables affecting diabetic symptoms requires knowledge of

numerous rules as well as the skill to use a variety of technologies (e.g., glucose

meters, insulin pens, carbohydrate charts). Simple rules can be applied (e.g., avoid

high-sugar foods), but many rules are more complex (e.g., exercise improves insulin

response but over-exercise harms insulin response; insulin response changes when

under stress or ill). The disease itself increases the challenge, as poor self-

management of blood sugar impacts decision-making and cognitive ability (Ryan,
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Williams, Feingold, & Orchard, 1993; Stewart & Liolitsa, 1999). Thus, the patients

most in need of good management likely have the most difficulty doing so.

Technology designed to make self-management easier is often not designed well

for older users, requiring many steps and providing ill-designed feedback for errors

(e.g., Rogers, Mykityshyn, Campbell, & Fisk, 2001). The outcome from this mix-

ture of complex tasks, impacted cognition, and poorly designed technology is not

surprising: even health-literate older adults mismanage self-care, relying on incor-

rect heuristics rather than developing an understanding of how their behaviors

directly affect blood sugar levels and long-term disease outcomes (Boren, 2009;

Klein & Meininger, 2004; Shigaki et al., 2010).

Klein and Meininger (2004) interviewed older persons with type 2 diabetes for

their strategies in management, finding a dangerous predilection toward relying on

a single, simple, but often incorrect, heuristic. For example, one patient knew that a

lower blood sugar level was desirable, but having no idea how to properly achieve

that goal, went without eating at all. Another thought that eating a sweet snack was

the answer to either high or low blood sugar. All of these patients had received

prior training from their healthcare providers or a diabetes educator, but all lacked

continuous support or access to retraining in their day to day lives.

Perceptual and physical demands

Many of the perceptual and physical demands for managing type 2 diabetes are

present in the environment and many are present in the technology specific to

self-management. For example, the largest and most impactful task regarding self-

management is food choice and amount. Successfully adhering to dietary

recommendations depends on prior experience and knowledge, reading labels, read-

ing measurements, and physically measuring food and medicine. A 2014 study

found that 20 out of every 1000 persons over 65 with diabetes had visited an emer-

gency room due to misuse of insulin (Geller et al., 2014) and it can be assumed that

many more misused insulin but did not visit the ER. Clearly, matching insulin dose

with a doctor’s instructions and the amount of carbohydrates eaten is challenging.

On the technology side, properly using self-management technologies often means

gathering a drop of blood for glucose analysis where too much or too little blood

on a test strip can cause a misreading. The visual and movement demands of mea-

suring blood sugar are high. Reading and interpreting the results is also visually

intensive, as is the reading of food labels and serving sizes. All of these challenging

perceptual tasks must be carried out by older adults who are often suffering

diabetes-related visual problems on top of normal age-related vision change.

Feedback and motivation

Last, across all of the cognitive, perceptual, and physical demands of self-

management are motivational demands. Most obviously, these include hunger, pre-

ferences for nonrecommended foods, and a lifetime of habits in food choices that

the older person is being asked to change. Though immediate feedback is
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recommended to help change health behaviors (Eriksen, Green, & Fultz, 1988;

Rabbi, Pfammatter, Zhang, Spring, & Choudhury, 2015), little feedback (or reward)

is available for making daily food, exercise, and medication choices. For example,

the gold standard of progress toward managing diabetes is the A1C measure, but

this must be done by a healthcare provider and is only given to the patient at long

intervals (often months apart). Blood sugar measurements are the closest a patient

has to immediate feedback, but trial-and-error is not encouraged as high blood

sugar has lasting harmful effects, even after being lowered. A single study on using

AR feedback to train carbohydrate estimation found improvements after experience

with the AR display (Domhardt et al., 2015). Though this likely supports the impor-

tance of feedback, the study contained only eight participants who all had type 1

diabetes.

Potential for AR to aid self-management for persons
with diabetes

We close with a speculative example of designing AR to aid in self-management of

type 2 diabetes, taking into account the cognitive, perceptual, and motivational

challenges older adults likely face with the disease. A promising solution is the

introduction of technologies that allow older learners to experience successes and

failures of health management in a safe setting: an AR simulation. In addition, AR

can allow learners to see otherwise hidden information in their own bodies, provid-

ing an available and accessible platform for noninvasive investigation of bodily pro-

cesses. AR can also allow for feedback on choices via simulation, so that the user

can practice choices and learn from them. Last, AR can be designed to be easily tai-

lored to the user: highly readable text, multimodal displays and interfaces, and situ-

ated in the environment of the individual.

An AR interface offering information display, natural interactions, and simula-

tions is an AR Mirror (Hill, Barba, MacIntyre, Gandy, & Davidson, 2011). Using

the mirror, older adults may see themselves and their environment reflected with

additional information (Fig. 11.3). The AR mirror is a familiar metaphor, leveraging

their many years of experience with real mirrors. For example, they may choose a

plate of food and put it in front of the AR mirror to see how well they adhered to

the American Diabetes Association (ADA) guidelines for protein, fat, and carbohy-

drates (ADA, 2013). Feedback can be displayed in multiple ways: on the plate as a

whole or for each of the individual foods. Food could even be chosen virtually for

practice, then appearing as though it is on a plate in front of the user (but only in

the mirror) with feedback on choice of food and amount. It is easy to conceptualize

practice and training programs utilizing this affordance of AR. Pointing at objects

seen in the mirror, whether they be food or other objects in the environment, can

trigger information displays on those items. The effects of a plate of food can be

displayed on the body, changing exterior appearance (e.g., aging, weight) or inside

the body, showing the actions of fats and carbohydrates on the organs or insulin

levels. This essentially turns the person into a 3D tangible user interface, able to

turn and point at different organs or areas of interest in their own body.
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In sum, three specific affordances of information and feedback via an AR mirror

could be used to teach or support diabetes self-management at older ages: control

over time scale, physical scale, and the level of detail/abstraction shown.

1. Time scale. Many chronic diseases are linked to choices that affect physiology from the

short term (minutes) to the long term (decades), but it can be difficult to comprehend

these timescales when making day-to-day decisions. Biological feedback on lifestyle

choices, such as diet and exercise, can be extremely delayed. Using AR, this feedback can

be shown at any time scale, e.g., the effects of sun on the skin over many years of expo-

sure or what incremental damage dietary choices have on the circulatory system. Various

timescales for diabetes can be shown using the AR mirror, e.g., a simulation of what one

will look like across ten years of a current diet versus ten years of a recommended diet. A

caveat is that although AR is often called upon to convey changes over time (Zollmann

et al., 2012) it remains an open question regarding how best to show such changes and

how to permit the user to change or move through different timescales.

2. Physical scale. Health information can be provided at vastly different scales, from the

entire body, to an organ system, to the cellular level. One could imagine an AR “micro-

scope,” able to present the effects of exercise, medications, or diet on the body at all

levels. Also, because AR is a combination of physical items, virtual items, and informa-

tion it is possible to situate objects and information in closer proximity than would be pos-

sible using only physical items. For example, looking up nutrition information online or

Figure 11.3 Mockup of a hypothetical AR mirror for diabetes nutrition education. Internal

physiology and nutrition information are situated (i.e., visually registered) in real-time with

the body and food. An embodied interaction (e.g., pointing) near the liver provides

information at a different physical scale (e.g., cellular) and supports visual comparison of

stages of the disease. Heads up display interface elements such as the slider allow

exploration of body changes at different timescales. A plate of food provides input for the

simulation. Selecting, portioning the food, and pointing with the fork are a tangible user

interface. Such a hypothetical interface demonstrates the flexibility of AR HCI but leaves

many unknowns for matching the design to suit a user’s needs.
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in a booklet presents the information on a display, while the food in question is on the

table. AR would allow that information to be situated on the food itself. Physical scale of

the body can be altered as well, bringing an organ or joint inside the body “out” to show

at a larger size. Support for the effectiveness of such situatedness comes from AnatOnMe,

where AR supported doctor/patient communication was explored in an experiment com-

paring the visual presentation of medical concepts to patients by projection on the wall

(onto an outline of a body), onto a physical model of a body, or onto the patient’s body

(Ni, Karlson, & Wigdor, 2011). The results showed the body and model conditions

were more desirable to patients across several measures. The patient’s knee joint was no

longer an abstracted diagram on a wall, it was their knee, seen and discussed inside their

own body.

AR medical visualization research includes examples of systems that work at large and

small scales (or support browsing layered views such as MRI data; Blum et al., 2012), but

most are intended to be used at a single scale (Ni et al., 2011). For AR, it is unknown

how to present changing scale in ways easily understandable by OA users (e.g., a zoomed

view connected to the body via a leader line), but it is clear that a variety of scales can be

useful for presenting information.

3. Level of detail and abstraction: When showing any object in an altered way the AR can

also change the level of detail or abstraction, matching it to the current goal. For example,

a too-realistic pancreas may be hard to understand when shown, but an abstracted diagram

of one can still be situated “in” the body of the user. Or perhaps the user has been told to

reduce carbohydrate intake but not pay attention to protein or fat—the interface can be

tuned to provide the amount of detail needed. AR allows for a wide range of detail level

and abstraction but it is necessary to know how the various levels translate to knowledge/

skill increases and other measures of health management, such as motivation or adher-

ence. For example, if a visualization is of a biological process, should the augmentations

present high level information such as observable symptoms (e.g., nausea), lower level

information (e.g., fluctuations of insulin levels), or the chemical processes at a cellular

level? All levels of detail can be shown via AR but research is lacking on the information

or motivations they convey to a user. The level of abstraction is another important HCI

consideration. For example, production of insulin in the pancreas could be shown realisti-

cally (e.g., medical illustration), moderately abstracted (e.g., simple shapes, not necessar-

ily of proper scale), or very abstracted (e.g., an anthropomorphized cartoon acts out the

process).

Because there is no AR-specific research on levels of abstraction and older

adult learning we must turn to more established domains. Animations, for example,

often do not result in more learning than static pictures (Tversky, Morrison, &

Betrancourt, 2002). One way to improve educational animations is to provide the

user with a mental representation of the system by having their movements control

or interact with the representation (de Koning & Tabbers, 2011). This can be done

through AR, such as holding a model and receiving virtual information, or through

natural gestures, such as making movements that map to the information being

learned. Further, based on embodied theories of cognition, experiences will be

more effective if the movements in the visualization are embodied by the users’

movements, with specific guidelines for embodiment strategies that improve ani-

mated visualizations (de Koning & Tabbers, 2011). The importance of gesture is

echoed in the educational literature, as gestures during learning encourage mental
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models (Beilock & Goldin-Meadow, 2010; Hostetter & Alibali, 2008). However,

theories of embodied interfaces and their educational benefits need testing with a

variety of users, particularly OAs.

This hypothetical AR interface is founded in the literature on aging and interac-

tion with technology, but it is important to stress that they need to be tested. As

with many new technologies, engineering is quickly outpacing our knowledge of

how to make systems usable. It will soon not be a question of whether we can

make such a system, but should we and if so, how?

Conclusion

AR is a promising technology coming of age in the commercial world. Because it

allows for embedding information and action in an already present environmental

context, it has the potential to be particularly effective for older users managing

their health. One especially promising avenue is the ability to provide seemingly

“real-world” simulations of daily decisions and tasks, allowing older users to

develop their health management skills in a safe environment.

This is not to say AR will be a panacea: there are a number of difficulties yet to

overcome, from the engineering of less cumbersome devices to the HCI questions

of display and interaction. AR may add no benefit for decisions or tasks that are

well-suited to traditional screen displays, such as feedback on progress over time

via graphs or searching for text information on a condition. But for tasks that are

embedded in the physical world or where there are learning benefits from simula-

tions, AR shows high promise. Because of the capabilities and limitations that tend

to come with age, interventions and technologies made for younger adults cannot

be directly transferred (Fisk, Rogers, Charness, Czaja, & Sharit, 2009). This is why

the person capabilities such as cognition, perception, and movement ability must be

considered in design of AR technology.

Principles for AR design for older users

In closing, we offer four important considerations for implementing AR for OA.

1. Target the tasks most likely to benefit from the introduction of AR: spatial tasks, way-

finding, tasks requiring information integration, simulations.

2. Consider age-related changes that may affect perception and understanding of displays via

AR.

3. Consider age-related changes that may affect use of interfaces in AR.

4. Iteratively test designs with a range of older adults—keeping in mind that abilities

become more heterogeneous with age.

It is our hope that this chapter will inspire future research on older adults’ use of

AR to manage their health, resulting in concrete guidelines for design. AR will

become a normal part of life in the future, and research is needed to make sure it is

useful and accessible to everyone.
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Transportation. See Driving; Mobility

services

Trip Coordinator, 153�154. See also

SOLACE in-home peercare

technologies

Trust, between user and health source, 44

Type 2 diabetes, augmented reality (AR),

280�285

cognitive demands, 280�281

feedback and motivation, 281�282

perceptual and physical demands, 281

self-management, 282�285
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UCLA-R scale, in-situ experiment with
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Unified Theory of Acceptance and Use of

Technology (UTAUT), 199

Unified Theory of Acceptance and

Use of Technology Model (UTAUT

2), 3, 7, 17

Useful Field of View (UFOV) Test,

84, 91, 91

UTAUT. See Unified Theory of Acceptance

and Use of Technology (UTAUT)

UTAUT 2. See Unified Theory of

Acceptance and Use of Technology

Model (UTAUT 2)

V

Vehicle technologies, 95�98

Verbally enhanced formats, EHR portal

message, 59�60

Video-enhanced formats, EHR portal

message, 67�68

Virtual environments (VE), 123�124,

126�127

Virtual reality (VR), 127�130

Virtual tools, 215�216

cognitive interventions, 220�222

studies, 223t

nonspecific interventions, 226

physical intervention, 222�226

studies, 227t

Visual impairments, 82�83

accommodating, 43

as barrier to ICT use, 35�36

Voice recognition technology, 137�138

W

WearCom, 268�269

WebMD, 274

World Health Organization (WHO), 99, 114

on quality of life, 116

Z

Zarit Burden Short Form, 160

304 Index




	Front Cover
	Aging, Technology and Health
	Copyright Page
	Contents
	List of contributors
	Preface
	1 Rethinking technology development for older adults: A responsible research and innovation duty
	Starting point: Challenges for aging societies
	Motivation
	The research objectives and chapter structure
	Future Care Lab© and its applications as experimental environment

	Study I: Health assistance at home
	Materials and methods
	Research method
	Experimental procedure
	Participants of the Study I
	Research variables

	Results of Study I
	Relationships between research variables
	User differences
	Intention to use eHealth: Qualitative analysis
	Summary of the results for the Study I


	Study II: Serious exercise games in AAL
	Materials and methods
	The evaluated game prototype
	Research variables
	Participants

	Results of Study II
	Effects of the game
	Performance
	Intention to use


	Discussion and limitations
	Responsible research and innovation in technology development for older adults
	Acknowledgments
	References

	2 Challenges associated with online health information seeking among older adults
	Older adults and ICT use
	Information search strategies
	Physical barriers
	Visual impairment
	Motor skills

	Cognitive ability
	Literacy
	Health literacy
	Numeracy
	Digital literacy

	Attitudes toward technology
	Addressing the challenges older adults face
	Designing interfaces that are friendly to older users
	The benefit of technology training

	References

	3 Improving older adults’ comprehension and use of patient portal-based health information
	Introduction
	The role of education, knowledge and health literacy in EHR portal use
	The role of numeracy skills in EHR portal use
	Affective responses, gist comprehension and decision making
	Enhancing EHR portal message formats to support older adult’s self-care
	Text-based formats
	Enhanced-formats
	Verbally enhanced formats
	Graphical representations
	Audio-enhanced formats
	Video-enhanced formats
	Computer-generated formats


	Conclusion
	References

	4 Bringing older drivers up to speed with technology: Cognitive changes, training, and advances in transportation technology
	Introduction
	Age-related changes in sensory, perceptual, and cognitive functions
	Sensory processing
	Visual impairments
	Hearing loss

	Attention
	Memory
	Executive function
	Physical and psychomotor functioning

	Countermeasures for increased crash risks among older drivers
	Driver assessment
	Driver training and cognitive intervention
	Compensatory driving strategies and educational program
	Advanced vehicle technologies
	Alternative mobility services and accessible transportation in age-friendly communities
	Shared mobility service
	Age-friendly communities


	Summary
	References

	5 Technological supports to increase nature contact for older adults
	Introduction
	Promoting health is essential for older adults to maintain a high quality of life
	Growth of the aging population and challenges to maintaining health
	Quality of life indicators for older adults
	Technology supports for quality of life
	Natural environments are therapeutic
	Health benefits of nature
	Technological supports connecting older adults to nature are showing promise as vehicles for health promotion
	Use of simulated natural environments to promote health
	Technological supports for increasing nature contact
	References
	Further reading

	6 Design and development of an automated fall risk assessment system for older adults
	Aging, falls, and technology
	Automated fall risk assessment system
	Fall risk assessment
	Preliminary results
	User feedback and system refinement
	Discussion
	Future directions
	Acknowledgment
	References

	7 Checking-in with my friends: Results from an in-situ deployment of peer-to-peer aging in place technologies
	Introduction
	Related work
	Previous in-home technologies for older adults
	Low-SES urban-dwelling older adults and PeerCare

	SOLACE in-home PeerCare technologies for urban low-SES older adults
	Activity Clock
	Check-In Tree
	Community Window
	Trip Coordinator

	Privacy concerns and “DigiSwitch”
	Methods
	Participants
	SOLACE technology prototypes and DigiSwitch apparatus
	Questionnaires
	Suite Questionnaire
	Custom Privacy Index With and Without DigiSwitch
	The World Health Organization (WHO) Quality of Life—BREF
	Interpersonal Support Evaluation List (ISEL)—Short Form
	UCLA-R subscale
	Zarit Burden Short Form

	Procedure

	Results
	Loneliness
	Interpersonal support
	Peer-care burden
	Quality of life
	Overall satisfaction and the usability of the peer-care suite
	Privacy perception

	Discussion
	Loneliness
	Interpersonal support
	Peer-care burden
	Quality of life
	Overall satisfaction and the usability of the peer-care suite
	Privacy perception
	Ceiling effect and floor effect

	Conclusion and future work
	Acknowledgments
	References

	8 Enhancing social engagement of older adults through technology
	Introduction
	Social engagement
	Defining social engagement
	Measuring social engagement

	The value of social engagement for health outcomes
	Social engagement and mortality
	Social engagement and physical markers of health
	Social engagement and cognitive decline
	Social engagement and mental health
	Proposed mechanisms

	Barriers to social engagement for older adults
	Physical barriers
	Cognitive barriers
	Financial barriers
	Cultural/societal barriers

	Using technology to foster social engagement
	Changes in social engagement in American society
	The impact of current social engagement technologies
	The potential of emerging technologies

	Current dissemination of social engagement technologies
	The digital divide
	Benefits for older adults using social engagement technologies
	Understanding technology use and acceptance predictors
	Technology acceptance models
	Factors contributing to the acceptance of social engagement technologies by older adults

	The role technology can play in combating barriers to social engagement

	Recommendations for social engagement technologies
	General design guidelines
	Design guidelines specific to social engagement for older adults
	Training and instruction

	Conclusion
	References
	Further reading

	9 Virtual cognitive training in healthy aging and mild cognitive impairment
	Cognitive declines in healthy aging and MCI
	Behavioral interventions to enhance cognition
	Cognitive interventions using virtual tools
	Physical intervention using virtual tools
	Non-specific interventions using virtual tools

	Discussion
	References
	Further reading

	10 Social agents for aging-in-place: A focus on health education and communication
	Introduction
	Goals of chapter
	Defining social agents
	Benefits of using social agents within health interventions

	Social agents for health education and decision making
	Applying social agents to health education and health decision making

	Social agents for health communication applications
	Applying social agents to health communication

	Challenges in implementation
	Security and privacy
	Acceptance and adoption of technology
	Home environment

	Social agents for health education and communication: Future opportunities
	Connected health
	Comprehensive health decision making
	Connected communities and globalization

	Summary
	References
	Further reading

	11 Design of human centered augmented reality for managing chronic health conditions
	The potential role of AR in managing chronic health conditions
	Definition and examples of augmented reality
	The many (inter)faces of AR
	AR information browser interfaces
	Natural interfaces and 3D interfaces
	Tangible interfaces
	Multimodal interfaces
	Social/collaborative interfaces
	Mirror interfaces

	Information visualization across interfaces
	AR affordances and age-related changes in abilities
	Cognitive factors
	Perceptual factors
	Movement factors


	Type 2 diabetes: A case study for AR, aging, and health
	Cognitive demands of managing diabetes
	Perceptual and physical demands
	Feedback and motivation
	Potential for AR to aid self-management for persons with diabetes

	Conclusion
	Principles for AR design for older users

	References

	Index
	Back Cover



