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and to continue personal develop-
ment. Self-actualization refers to 
the need for a sense of vocation, 
a calling, or a cause. We will now 
give examples—both from our 
own work and that of others—to 
highlight promising technologies 
at each level of the hierarchy.

Physiological Needs
Two burgeoning examples of 
technology addressing physiologi-
cal needs are health-information 
websites and health-support social 
media. The majority of Americans 
now use the Web to gather infor-
mation about topics including 
diseases, treatments, alternative 
medicine, medications, doctors, 
hospitals, and health insurance 
[3]. Increasingly, on newsgroups, 
websites, and blogs, people are 
posting their own experiences 
and also commentaries about 
health or medical issues. These 
developments have the potential 
to enable senior citizens, as well 
as other members of society, to be 
more knowledgeable as they try to 
maintain a healthy lifestyle, and 
also to be better-educated con-
sumers of healthcare. Challenges 
include being able to judge 
whether or not data that appears 

amnesia, aphasia, strokes, mul-
tiple sclerosis (MS), or vision loss—
as well as normally aging senior 
citizens. We identify “sweet spots” 
where technology seems relevant 
to human need, and envision ways 
in which we could address a prob-
lem, then design, build, test, and, 
where possible, commercialize 
solutions. In other words, TAGlab 
conducts research for the journey 
through life (see also http://taglab.
utoronto.ca/).

Technology development to 
improve the lives of senior citi-
zens may appropriately be framed 
in terms of the psychologist 
Abraham Maslow’s hierarchy of 
human needs (Figure 1). (TAGlab 
focuses on the top three levels, 
but we will describe projects at all 
five levels.)

Biological or physiological needs 
include oxygen, food, water, 
warmth, fitness, and health. Safety 
needs are to feel safe and to be 
free from real or perceived danger. 
Love or social needs encompass the 
need for affection and a sense of 
belonging to family and a circle 
of friends. Esteem needs include 
the need to feel satisfied, self-
confident, and valuable; to engage 
in meaningful work and activities; 

We all know the world is aging. 
Yet the figures are staggering. 
The United Nations recently 
quantified the phenomenon as 
follows: Whereas 5.2 percent of 
the population was over 65 in 
the year 1950, this percentage is 
projected to grow to 15.9 percent 
in 2050, to 27.5 percent by 2150, 
and to 32.3 percent by 2300 [1].

The good news is modern 
medicine has made it possible for 
people to live longer. The bad news 
is most individuals who live a long 
life must combat sensory, motor, 
cognitive, and social challenges 
such as vision loss, poor hearing, 
mobility difficulties, memory loss, 
social isolation, and loneliness.

Technology by itself cannot 
solve these problems. Yet technol-
ogy designed to empower older 
adults and to make them more 
capable, resourceful, and indepen-
dent can help.

In response to this oppor-
tunity, in 2009 we formed the 
Technologies for Aging Gracefully 
lab (TAGlab). Our mission is to 
enable full participation in soci-
ety by individuals with special 
needs—for example, people afflict-
ed with Alzheimer’s disease (AD), 
mild cognitive impairment (MCI), in
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on the Web or on health blogs is 
valid, and knowing how to inter-
pret and act on the data. Patients 
going to their doctors with pages 
of Internet printouts also pose 
new opportunities and challenges 
in the relationship between physi-
cians and their patients. 

Safety Needs
A major health concern of senior 
citizens is falling in the home, 
which has serious implications, 
including death. Many seniors use 
devices that allow them to signal 
to a monitoring service that he 
or she has fallen and cannot get 
up. Yet many forget to carry the 
devices or are unable to activate 
them. Current research (see, for 
example, [4]) is directed at devel-
oping artificially intelligent sys-
tems using consumer-grade cam-
eras fitted with wide-angle lenses 
that automatically detect if a 
person within the field of view has 
fallen. Another thread of research 
in this level aims to use embed-
ded assessment technologies to 
provide early detection and/or 
continuous monitoring of health 
conditions. For example, Ivorra, 
Daniels, and Rubinsky developed a 
wristwatch-size device that aims 
to detect changes in cognitive 
function through frequent, mini-
mally obtrusive measurement of 
reaction time [5]. 

The Need for Love
Belonging is a fundamental 
human need. Technologies can 
provide mechanisms for social 
connection to augment the usual 
methods. They can connect family 
and friends with shared experi-
ences that accommodate different 
roles and kinds of communication. 
For example, many grandparents 
now chat regularly with children 
and grandchildren using Skype.

tives easily record video messages 
that soon appear in the frame.

Significant life events addition-
ally affect our feelings of connec-
tion and our ability to connect 
with others. A recently completed 
Ph.D. thesis by the third author 
employed interviews and focus 
groups with people who are griev-
ing to guide the design and testing 
of Besupp, a website for online 
peer-support bereavement groups. 
Recognizing that part of the jour-
ney through life involves loss and 
sorrow, this project seeks to help 
the bereaved feel a sense of nor-
malcy and connection with others 
who have also experienced a loss. 
In this case, technology provides 
an ongoing and continually avail-
able option for commemorating 
a loved one and learning to cope 
with grief [9].

For many seniors, establish-
ing and maintaining meaningful 
connections across generations 
is of great importance. While a 
postdoctoral fellow at TAGlab, 
the second author began a project 
to elicit design opportunities for 
linking grandparents and grand-
children [10]. Cross-generational 
pairs sometimes find it difficult 

Technology can bridge gaps 
across physical and social distance 
(such as a hesitation to interact 
in times of grief, loneliness, or 
declining health or mobility). 
Several TAGlab projects have 
therefore focused on strengthen-
ing interaction and bonds with 
community, friends, and family.

One aspect of social fulfillment 
is to have strong connections with 
one’s peers. Within this theme, we 
developed a social gaming envi-
ronment called Tabletalk Poker, 
and carried out an experiment 
studying the role of conversa-
tion in animating play and aiding 
learning by seniors [6]. 

For some individuals, participat-
ing in mutually reciprocal interac-
tions can be challenging. Informed 
by a study of communication pat-
terns and the needs of isolated 
individuals [7], we are develop-
ing and testing new versions of 
Families in Touch, a digital com-
municating picture frame and Web 
portal (Figure 2) [8]. Individuals 
who are isolated (e.g., because of 
chronic pain, long-term hospital-
ization, or 24/7 care responsibili-
ties) signal a desire to hear from 
family with a single touch; rela-

need  
for self- 

actualization

Esteem needs

Love needs

safety needs

Physiological needs

•  Figure 1. The 
Maslow Hierarchy of 
Human needs [2].
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to identify and sustain conversa-
tion topics of common interest. 
In face-to-face interactions, this 
challenge is commonly resolved by 
engaging in a shared activity, such 
as playing a game, collaborating 
on a project, or even watching a 
TV program. Unfortunately, cur-
rent communication technologies, 
such as the telephone and email, 
do not readily support these kinds 
of activities. We are beginning 
to explore the design of shared 
online activities, especially around 
the theme of family history. 

The Need for Esteem
The desire for independence devel-
ops at a young age and lasts a life-
time. Some of our projects focus 
on keeping older adults autono-
mous, and on empowering them 
to communicate for themselves, 
when aging, stroke, brain injury, or 
other impairments have made lan-
guage problematic. Other projects 
seek to help seniors keep emotion-
ally, mentally, and physically fit, 
in spite of cognitive or physical 
challenges and decline. 

For example, Kent Fenwick 
developed a context-aware app 
called Friend Forecaster that 
employs information about one’s 
social network to provide remind-
ers of the names of people one 
might plausibly encounter in a par-
ticular location [11]. Following on 
from this project, we (led by Alex 
Levy and Aakash Sahney) have 
commercialized a context-aware 
cellphone app originally called 
Marco Polo and now called MyVoice 
(see http://myvoiceaac.com/) that 
uses location to suggest useful 
words and phrases to individuals 
with anomic aphasia, which often 
results from stroke, or to children 
with communication challenges.

We have also created two pro-
totypes of an accessible large-

•  Figure 2. The Families in Touch picture frame concept sketch.

•  Figure 3. The aLLT e-book concept sketch.in
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print listening and talking e-book 
(ALLT), designed for people who 
have experienced vision loss or 
who are struggling with other 
obstacles to reading, such as motor 
challenges (Figure 3) [12]. A field 
trial of the effectiveness of this 
technology in supporting reading 
by oneself and reading together 
with family members is under way 
with an individual who has mul-
tiple sclerosis and her family.

Finally, we have developed and 
will soon release an open source 
Web portal called Tangra, which 
allows randomized controlled tri-
als over the Internet of the effec-
tiveness of new and sometimes 
prematurely hyped brain-fitness 
exercises and games [13].

Self-Actualization
Being able to draw upon your 
experiences is critical to lifelong 
learning, growth, the develop-
ment of wisdom, and the pursuit 
of a calling or cause. Tools to help 
individuals regenerate and share 

memories of their lives help them 
to maintain dignity and a sense 
of self, despite memory loss or 
dementia. Several TAGlab projects 
have focused on enabling people to 
use visual digital media to remi-
nisce and reflect upon past and 
recent experiences, which is key 
to maintaining one’s identity and 
therefore supports the goal of self-
actualization.

For example, we developed 
an effective method for creating 
digital multimedia biographies of 
individuals with AD and MCI, and 
tested its impact on those indi-
viduals and their family members. 
Viewing the media aided recall 
and reminiscence, brought much 
joy along with a few moments 
of sadness, stimulated conversa-
tion and engagement with fam-
ily, and was valued by family 
and third-party caregivers [14].

Finally, we recently completed a 
systematic study of two methods 
of having AD- and MCI-afflicted 
individuals use automatically cap-

tured images from the Microsoft 
Research SenseCam “lifelogging” 
camera worn on their chest to aid 
their episodic memory of recent 
experiences, as well as to yield 
other psychosocial benefits [15].

Our Work in Context
Some of these projects address 
multiple themes. For example, 
ALLT enables families to read 
together, thereby strengthen-
ing a family’s shared purpose, 
autonomy, and esteem.

All of these projects involve 
innovative software and systems 
design based on understanding 
needs, deriving requirements, and 
evaluating success through the 
use of methods from the social 
and behavioral sciences.

Technologies such as those 
described here may have different 
goals: diagnostic, assistive, reha-
bilitative, or health-preserving. 
Diagnostic technologies warn 
individuals, family members, 
caregivers, and care staff about 
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Automatic Fall 
Detection

Families  
in Touch

Friend Forecaster 
and MyVoice

ALLT Tangra Multimedia  
Bios

Place in  
Maslow hierarchy

Safety Love Esteem Esteem + love Esteem Self-actualization

Cognitive/social 
process

Physical  
well-being?

Social interaction Recall of words 
and names

Reading, access 
to information

Cognition Reminiscing

Participant  
population

(Frail) older 
adults

Socially isolated 
individuals

People with 
anomic aphasia

People with  
print disability

Older adults Mid- or early-
stage aD or MCI

Goal Diagnostic assistive assistive  
+ rehab

assistive,  
possibly rehab 
and health- 
preserving

Diagnostic assistive  
+ rehab

Users, usage Individuals Individuals + 
families + friends

Individuals Individuals + 
families + friends

Individuals Individuals  
+ families

Design method UCD UCD UCD UCD UCD Participatory 
design + UCD

Technology Smart cameras Digital picture 
frames

Smartphones e-books Web portal Multimedia  
on DVDs

•  Table 1. a framework for the research described in this article.
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dangerous conditions. Assistive 
or prosthetic technologies sub-
stitute for some capability that is 
impaired, much as a crutch may 
be used after one breaks a leg. 
Rehabilitative systems are used 
to strengthen or revitalize an 
impaired capability. An example 
is working with a physiotherapist 
after one breaks a leg to enable 
walking without the crutch. The 
most ambitious goal for technol-
ogy is to preserve health. An 
example is the vigorous commer-
cial activity in the realm of brain-
fitness exercise and game vendors, 
who claim that regular use of their 
software can slow mental aging, 
just as regular exercise delays 
physical decline.

These distinctions enable us to 
describe research in terms of a 
taxonomy, illustrated in Table 1. 

Conclusion
We have learned much from our 
work to date. The challenges and 
opportunities for technology are 
about not just memory, cognition, 
and communication, but also iden-
tity, self-reliance, and self-worth. 
Beyond aiding individuals, the 
task is to support a system that 
includes people who have chal-
lenges along with their family 
members, caregivers, and clini-
cians (see [16]).

Although the research projects 
we have described assist users 
primarily in single tasks (such as 
reading or speaking), they can be 
situated more holistically. As the 
world’s population continues to 
age, technology designers will ben-
efit from viewing seniors not sim-
ply as users with singular impair-
ments to human-computer inter-
action, but rather as human beings 
with rich and diverse sources of 
motivation, pride, and fulfillment. 
Creating technologies that allow 

seniors to remain active members 
of their family and community 
while pursuing their interests is 
just as important as improving 
interface-level mechanics.

Doing this successfully requires 
interaction professionals to work 
intensively with professionals in 
gerontology, neuropsychology, 
social work, speech/language 
pathology, nursing, and other 
disciplines; community groups; 
and, most important, older adults 
themselves. For, as we know, 
studying systems in use by real 
users doing real tasks in real envi-
ronments is the key to inspired 
design.
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