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Summary
Objectives : As health care systems face limited resources and
workforce shortages to address the complex needs of older adult
populations, innovative approaches utilizing information technol-
ogy can support aging. Smart Home and Ambient Assisted Living
(SHAAL) systems utilize advanced and ubiquitous technologies in-
cluding sensors and other devices that are integrated in the residen-
tial infrastructure or wearable, to capture data describing activities of
daily living and health related events. . . . . This paper highlights how
data from SHAAL systems can lead to information and knowledge
that ultimately improves clinical outcomes and quality of life for
older adults as well as quality of health care services.
Methods : We conducted a review of personal health record applications
specifically for older adults and approaches to using information to
improve elder care. We present a framework that showcases how data
captured from SHAAL systems can be processed to provide meaningful
information that becomes part of a personal health record.
Results: Synthesis and visualization of information resulting from
SHAAL systems can lead to knowledge and support education,
delivery of tailored interventions and if needed, transitions in care.
Such actions can involve multiple stakeholders as part of shared
decision making.
Conclusion: SHAAL systems have the potential to support aging and
improve quality of life and decision making for older adults and
their families. The framework presented in this paper demonstrates
how emphasis needs to be placed into extracting meaningful infor-
mation from new innovative systems that will support decision mak-
ing. The challenge for informatics designers and researchers is to
facilitate an evolution of SHAAL systems expanding beyond demon-
stration projects to actual interventions that will improve health care
for older adults.
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Introduction
The critical, deepening shortage of health
workers, coupled with the growing num-
bers of elderly and chronically ill peo-
ple, is impacting the ability of health
systems especially in industrialized na-
tions, to provide safe, cost-effective serv-
ices for older adults. For example, in the
United States the percentage of the popu-
lation 65 years or older will be 16.3% in
2020 and expected to reach almost 20%
in 2030 [1]. This increase in demand will
strain existing care systems, as the eld-
erly currently consume 30% of all health
care resources and this will increase to
50% by 2030 [2]. The basic function of
monitoring the health status and behavior
of individuals outside of clinical facili-
ties has become difficult, expensive and
frequently unavailable. Common exam-
ples of care that hinge on human
behavior include monitoring the per-
formance of activities of daily living
by older adults, documenting lifestyle
patterns or sleep quality. In traditional
systems, behavior monitoring either
relies on subjective self-reporting or
requires a caregiver who functions as
an observer. We are called upon to de-
sign innovative approaches that will
improve citizens’ quality of life and
manage increased demand by helping
people to live longer and more inde-
pendently in their own homes. This
emphasizes the signif icance of ongo-
ing monitoring, early detection of ad-
verse events and patterns, and early in-

tervention. Smart Home and Ambient
Assisted Living (SHAAL) systems uti-
lize advanced and ubiquitous technolo-
gies including sensors and other devices
that are integrated in the residential in-
frastructure or wearable, to capture data
describing activities of daily living and
health related events [3].

Informatics applications offer innu-
merable opportunities for improving
how people live and work [4]. Several
projects worldwide are examining the
use of sensors or other tracking devices
in the context of health monitoring. The
Center for Future Health at the Univer-
sity of Rochester, New York in the US,
for example, has developed a Smart
Medical Home as a highly controlled en-
vironment including infrared sensors,
biosensors, and video cameras [5]. The
Aware Home at the Georgia Institute of
Technology explores ubiquitous com-
puting technologies that sense and iden-
tify potential crises, assist a senior adult’s
memory and track behavioral trends [6].
Researchers from five countries (the UK,
Ireland, Finland, Lithuania and Norway)
joined their efforts for the ENABLE
project [7], which promotes the wellbe-
ing of people with early dementia with
several features such as a locator for lost
objects, a temperature monitor and an
automatic bedroom light. Demiris and
Hensel conducted a systematic review of
SHAAL systems in 2008 and identified 114
publications for 21 projects world-wide
with technologies that pertained to func-
tional monitoring, cognitive support,
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sensory aids, security and social interac-
tion [3]. This review highlighted
thatseveral of the projects employed the
technologies in laboratory settings or
demonstration sites rather than actual
communities. Furthermore, in spite of
the growth of this informatics domain in
recent years, we are still lacking studies
examining the impact of SHAAL sys-
tems on clinical outcomes [3].

In this paper we discuss how data
from SHAAL systems can lead to in-
formation and knowledge that ultimately
improves clinical outcomes and qual-
ity of life for older adults as well as
quality of health care services. The pro-
posed framework highlights how data
captured from SHAAL systems can be
processed to provide meaningful infor-
mation that becomes part of a personal
health record. Further, synthesis and
visualization of personal health infor-
mation can lead to knowledge and sup-
port education, delivery of tailored in-
terventions and if needed, transitions of
health care settings. Such actions can
be the result of information processing
and negotiations among multiple
stakeholders as part of shared decision
making. We provide a review of stud-
ies that have examined steps of this
framework and discuss the advancement
of research and development in this
informatics domain.

SHAAL: From Data to
Knowledge
The data, information, knowledge hier-
archy has been used widely in informatics
and knowledge management [8] to indi-
cate that data (defined as quantified or
qualified symbols) can be processed to
provide information, i.e. a meaningful
synthesis of data to manifest observations
which in turn can add knowledge, namely
the capacity to understand, explain and
negotiate observed phenomena. This hi-
erarchy helps us also understand the po-
tential of SHAAL systems. While early
work has primarily focused on accurately

and reliably capturing data (e.g., ensur-
ing valid and reliable sensors can cap-
ture motion in a room and distinguish
between targets in a multi-person envi-
ronment) and perhaps defining some re-
sulting information (e.g. a resident shows
a decrease in overall mobility over the
last three months), little work has been
done to reflect how this information can
be useful, meaningful and actionable; in
other words, how it can be converted to
knowledge.

When talking about combining mul-
tiple data sources including mobile tools
and sensor technologies, sophisticated
approaches such as data fusion and pat-
tern recognition, can actually facilitate
the generation of meaningful informa-
tion. Data fusion combines data from
multiple sources to achieve inferences
more accurately and eff iciently than if
they were derived from a single source.
Specif ically in the context of ubiqui-
tous sensing applications, sensor fusion
combines sensory data from disparate
sources such that the resulting infor-
mation is more accurate, complete or
dependable than would be possible when
these sources were used individually.

Furthermore, data fusion supports the
assessment of complex concepts such
as mobility, wellness or independence
that include multiple underlying con-
structs (such as activities of daily liv-
ing, social interactions, number of visi-
tors, time and distance travelled) that
need to be synthesized to provide an
accurate and integrated assessment.
When dealing with large data sets, pat-
tern recognition enables the assignment
of output values to given instances ac-
cording to specif ic algorithms. For
SHAAL systems, pattern recognition
algorithms aim to provide a reasonable
answer (for example, inference for an
activity of daily living) for all possible
inputs from sensors and other devices
(for example, wearable watches, mo-
tion and pressure sensors in the home).

Figure 1 demonstrates the infor-matics
approaches that can support and facili-
tate a process by which SHAAL systems
actually improve and transform care for
older adults. In the following we describe
these intermediate steps and review lit-
erature that highlights evidence of their
effectiveness and challenges pertaining
specifically to the older adult user.

Fig. 1           From Data to Knowledge; Converting SHAAL data to knowledge that improves quality of life and services for older adults
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Personal Health Records and
Older Adults
Personal health records have been part
of individuals’ efforts to organize and
maintain documentation of health re-
lated matters for decades including
writing on a piece of paper one’s own
health history or list of immunizations
[9]. Emerging from the proliferation
of web technologies in people’s homes
the term personal health record (PHR)
has now become the term that describes
the electronic record of one’s health
related data, or as the National Alliance
for Health Information Technology
def ines it, “an individual’s electronic
record of health-related information
that conforms to nationally recognized
interoperability standards and that can
be drawn from multiple sources while
being managed, shared and controlled
by the individual [10]).” A PHR is
therefore envisioned as a tool to facili-
tate “sharing health information, increas-
ing health understanding and helping
transform patients into better-educated
consumers of health care [11].” As such
it can provide an appropriate platform
for the large data sets captured by smart
home and ambient assisted living ap-
plications and can encompass informa-
tion about one’s well-being or poten-
tial trends and changes in activities of
daily living, mobility or other attributes
of one’s personal space.

PHR applications introduce the po-
tential to shift from institution-centric
to patient-centric models of care as they
can be used for sharing health infor-
mation in an easy and eff icient way
that helps people manage their own
health [12]. The individual consumer
becomes the owner and manager of their
health data. PHR systems featured by
Google (Google Health) and Microsoft
(HealthVault) are designed to provide
consumers with access to their own
health information online without hav-
ing to utilize special hardware or en-
force organizational agreements.

While PHRs introduce new oppor-
tunities for elder care, they also raise

challenges that in many cases remain
unresolved including “technical issues
(enabling patient control and authenti-
cation, synchronization of records, data
encryption, diffusion of interoperability
standards), socio-technical issues (e.g.,
providers needing to develop trust in
PHR data, consumers called to assume
a more active role in the health care
delivery process), changes in health care
providers’ workflow, education of both
consumers and providers, as well as le-
gal and regulatory challenges [13].”

PHR systems can be potentially used
in combination with or an extension of
SHAAL applications, allowing older
adults and their families to store and
process their own data resulting from
home based monitoring solutions, po-
tential disease management efforts and/
or communication with health care pro-
viders. PHR systems can therefore play
a significant role in geriatric care, sup-
porting disease prevention and wellness
promotion, where even older adults
without chronic health condition can
still manage their lifestyle choices,
plans, interactions with clinicians and
care providers in general, and maintain
independence and quality of life, de-
spite the fact they may not necessarily
be labeled as a “patient”.

Older adults have much to gain from
PHR systems, but also face significant
barriers to their use. While research on
PHR use specif ically for older adults
is not yet extensive, several studies have
highlighted the challenges that elders
face or may face when using PHR sys-
tems. Tang discussed the benef its and
barriers to adoption of PHR systems not
explicitly in the context of older adults;
however, the identif ied carry signif i-
cance for this target audience [14].
Among these barriers is the acknowl-
edgment that the adoption of PHR re-
quires a behavior change that is depend-
ent upon individuals having the
motivation to change. In order to de-
velop this motivation in patients, they
must be educated on the benef its of a
PHR. Tang points out that for adults
who are well immersed in the health
care system, education can happen at

“teachable moments,” such as dealing
with a chronic illness or taking care of a
loved one with a chronic condition [14].

Privacy and security concerns are
expressed in relation to PHR systems
by different stakeholder groups. Witry
et al. conducted a qualitative study that
examined family practice physician and
staff views on the benefits of, barriers
to, and use of personal health records
[15]. They concluded that the family
practice physicians who participated in
the study did not have a complete un-
derstanding of the benef its that PHRs
can have for patients. In regards to the
elderly, attitudes persisted that the use
of PHR provided potential issues with
privacy violation. Some believed that
the elderly were especially vulnerable
to “getting scammed.” These feelings
demonstrate providers’ hesitancy to
promote the use of PHR among older
patients who they see as susceptible to
privacy violations [15].

The concept of security in this con-
text was also addressed by a study con-
ducted by Weitzman and colleagues that
examined a type of PHR called person-
ally controlled health records (PCHR)
[16]. The term PCHR emphasizes sys-
tems where users have a greater extent
of control over their records. Research-
ers tested a PCHR called Indivo with a
group of patients aged 18-83 who were
part of the same managed care organi-
zation affiliated with an urban univer-
sity in the northeastern United States.
Among the results relevant to the eld-
erly were attitudes about a possible
breach in security with PCHRs. Older
and retired participants felt they had
“less to lose” than younger participants
if a security breach occurred. However,
the same participants expressed worry
that information disclosure through a
PCHR could impose an emotional bur-
den on their family members. Older
adults in the study also expressed con-
cern that their records could be inac-
cessible should they become impaired
due to illness or age if they did not ar-
range for access by signif icant others
or proxies. In general, the authors said
that older users face greater barriers in
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their use of PCHRs related to their rela-
tive lack of technology literacy [16].

Additional concerns include compu-
ter literacy, the digital divide and ac-
cess to appropriate software and hard-
ware resources to ensure successful
adoption of PHR systems among older
adults. Computer literacy specif ically
is a concern often raised in the context
of IT based applications for older
adults. Kim et al explored the use and
utility of PHRs in a low-income, eld-
erly population [17]. The 33-month
long study involved 44 elderly residents
of a federally funded housing facility.
Researchers assessed use and user sat-
isfaction of a web-based PHR called the
Personal Health Information Manage-
ment System (PHIMS). Use among the
residents was low with only 13% of
eligible residents using the system, and
of those, about half only used the sys-
tem on one day. This study concluded
that the majority of the low-income eld-
erly would not be in a position to ben-
ef it from PHRs due to poor technical
skills, technophobia, low health literacy
and limited physical/cognitive abilities
[17]. The authors emphasized however,
that increasing use of PHRs by future
generations of more tech-savvy elderly
could work to exacerbate the health care
inequality gap between high and low
income elderly [17].

The proliferation rates of Internet
usage among older adults clearly affects
adoption rates for PHR systems. A large,
systematic survey of US veterans’
Internet use was published in 2010.
Researchers wanted to know more about
veterans’ use of the Internet for health,
and how it is affected by socio-demo-
graphic characteristics [18]. A total of
12,878 adults were randomly surveyed
with veterans being over-sampled. Data
were grouped by responses from vari-
ous age groups, including the 65-74 and
75+ age groups of elderly Americans.
The results conf irmed prior f indings
that that age was correlated negatively
with greater Internet use. However, one
interesting result in terms of the eld-
erly was that among Internet-using vet-
erans, there was no effect of age on

health-related Internet use. A limitation
of this study is that the data were col-
lected in 2001 and 2002 and may not
necessarily reflect current Internet us-
age among older adults.

Another study also examining older
adults among the veteran population
addressed the concern of digital divide
by examining veterans’ usage of the
Internet for health care, specif ically
using PHRs [19]. The authors analyzed
user feedback from the Veterans Admin-
istration website, MyHealtheVet.  Half
of all respondents to a customer satis-
faction poll (50%) was comprised of
those 61 years and older. While the data
did not differentiate usage habits or
customer satisfaction among age
groups, the types of respondents show
that this is a valuable group to examine
in relation to older adults and PHRs
[19]. A limitation of the study was that
it only examined current adopters of
the PHR technology (it excluded vet-
erans who were non-adopters and who
could therefore provide insight on per-
ceived barriers to PHR use).

Pagliari, Detmer, and Singleton dis-
cussed future potential uses of electronic
PHR systems [20]. They highlighted the
challenge to implementing PHR includ-
ing balancing security against utility and
integrating diverse data sources and
systems. Furthermore, they illustrated
the potential for a PHR system to al-
low distant family members (or remote
caregivers) to be included in the dis-
ease management of elder loved ones.
In their discussion, the authors raise the
challenge of the digital divide and the
need for education and training so
groups like the elderly will not be left
behind [20].

A key factor in the success of PHR
systems for older adults would be
whether they perceive them to meet real
needs and expectations. Weitzman et al
examined people’s willingness to share
information from their PHR and what
factor would make it more or less likely
to share this information [21]. The sam-
ple of respondents included participants
aged 50 and older. This group was not
entirely made of older adults, but did

include many retired, older people.
This latter subgroup felt more willing
when compared to the younger group
to share their information with a trusted
intermediary like an established aca-
demic entity. They were also more will-
ing than younger groups to share their
PHR information during an epidemic
or outbreak of disease [21]. However,
they were less likely to share informa-
tion if offered monetary compensation.
The implications of this study indicate
that older adults may provide a source
for gathering voluntary health informa-
tion when PHRs become more common.

Fonda et al also examined older
adults’ needs in a study that reported
on the creation of a prototype for a
personal health application (PHA) for
patients with both type 1 and type 2
diabetes [22]. The researchers conducted
focus groups of 21 people to find their
particular needs for a PHA. They then
developed a prototype using iGoogle,
which uses web based and publicly
available technology to employ a per-
sonal health record. Among the study
participants, 15 adults were over the age
of 60. Participants emphasized their pref-
erence for a personal health tool that pro-
vides accurate, timely, readily available
information on how diabetes-related do-
mains interact, how their own behaviors
affect diabetes, and what to do next when
faced with new information [22].

A further insight into needs and ex-
pectations of older adult populations in
the context of PHR systems was pro-
vided by a survey study conducted of
203 Austrian and 293 German citizens
recruited in two metropolitan areas to
gauge their knowledge and expectations
about the concept and contents of PHRs
[23]. The sample was a convenience
sample and was stratif ied by age, with
older adults constituting 8% of the en-
tire sample. The vast majority of the
interviewed citizens already collected
and stored medical documents at home,
mostly in paper-based form. None of
the respondents had used an Internet-
based personal health record. Between
80% and 90% of respondents were sup-
portive of the idea of an electronic ex-
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change of health-related data between
users and health care providers. The
functionalities most supported by par-
ticipants focused on an electronic vac-
cination record, online information on
doctors and health care settings, and the
administration of appointments and re-
minders [23]. However, many partici-
pants expressed concerns with regard
to data protection and data security.

Visualizing Information
SHAAL applications collect and store
ever-increasing amounts of
multivariable clinical data. As we in-
crease the amount of data we collect,
we need to ensure that the plethora of
data sets does not become burdensome
to consumers and clinicians but instead
facilitates decision making. New and
eff icient methods of visualization are
needed to help manage this abundance
of information. The challenge of eff i-
cient visualization is a critical one as
published studies suggest that the for-
mats used to display information can
have an impact on the quality and time-
liness of clinical decisions, with the
specific, optimal formats depending on
the nature of the data and decision tasks
[24. 25]. Elting et al found that data
display formats influenced physician
investigators’ decision to stop a clini-
cal trial [26]. Specif ically, they found
that the accuracy of clinicians’ decision
was affected by the type of data dis-
play with more correct decisions made
with icon displays than with tables and
bar graphs. Their f indings indicate the
importance that needs to be placed on
the approach by which data are sum-
marized and displayed in order to re-
duce the impact that factors unrelated
to the actual data may have on health
related decision making.

Capturing overarching concepts im-
portant to older adults such as wellness
or quality of life requires the use of
visualization tools that will most eff i-
ciently capture information both on a
macro-level (assessing the overall pat-

tern or status) and on a micro-level (ex-
amining trends for individual param-
eters over time). Curran has argued that
one way to reduce the cognitive effort
required to understand quantitative in-
formation is to present the data in a
graphical display, especially when the
data are intended to represent change
over time [27]. In this context, various
theories of graphical comprehension can
be applied [28, 29]. Shaw’s cognitive
model for understanding information
displayed graphically includes three
phases: a search for visual qualitative
information; a search for quantitative
relationships; and a subsequent integra-
tion of both that allows the reader to
interpret the graph [30]. A graph al-
lows the user to process quantitative
information in a format that is easier
to understand and retain than a textual
presentation [31].

There are general recommendations
or guidelines available as to how best
to display quantitative information
graphically, although these tend not to
be empirically based [32]. While re-
search efforts have explored the cog-
nitive processing principles that under-
lie the interpretation of different
graphical presentations [33], it remains
unclear as to which type of presenta-
tion would best convey complex data
such as wellness or daily activity re-
sulting from SHAAL systems. Inher-
ent in determining which formats are
best to convey the data is the need to
consider the level of complexity that
consumers, their families and clinicians
want from the data, for example, trends
for a group over time, individual pa-
rameters and trends, variability be-
tween constructs within a patient or
within patients or other descriptions.
Therefore, it is important to explore
the best visualization approach for
wellness or quality of life (or any other
conceptual unit of analysis) by assess-
ing older adults’, families’ and clini-
cians’ information needs and expecta-
tions as well as their feedback as to
which visual tools can convey appro-
priate information and enhance health
related decision making.

Shared Decision Making
While there are some studies that dem-
onstrate that involving patients in
healthcare decisions can make a sig-
nif icant and long-term impact on
healthcare outcomes [34-36] the evi-
dence supporting this notion is not
definitive. One of the many issues that
have made this literature diff icult to
fully interpret (among many) is that
what constitutes the patient involve-
ment in decisions has been left mostly
undef ined. In most studies, it is usu-
ally broadly conceptualized as patient
centeredness [37, 38], that is problem-
atic to assess using currently available
tools [39, 40]. Regardless, the need to
respect patient autonomy from an ethi-
cal standpoint and to respond to their
demand for more involvement in
health care decisions is becoming
widely acknowledged [41-43]. Fre-
quently within the context of elder
care, older adults and their families are
faced with the challenge of making
diff icult decisions without access to
information or guidance on how to
interpret and analyze it meaningfully.
The decision making process can be
informed by SHAAL applications
which provide rich data and informa-
tion that can undergo comprehensive
analysis by all stakeholders. For ex-
ample, Charles et al [44] present a
treatment decision-making framework
based on information exchange, delib-
eration about treatment options, and
agreement on the treatment to imple-
ment which can have clear implications
for elder care. Within this framework,
three approaches are presented to la-
bel the process and outcome of deci-
sion-making [44]:
1 ) The pure paternalistic approach is

characterized by provider control
where the provider determines the
amount and type of information
that is given to the patient. Infor-
mation flow is unidirectional. The
provider deliberates about the ben-
ef its and risks of available options
and makes a decision without pa-
tient input [44].



56

IMIA Yearbook of Medical Informatics 2011

Demiris et al.

2 ) The pure informed approach is char-
acterized by a division of labor and
the preservation of patient au-
tonomy. Information about treat-
ment options, challenges and risks
is made available to the patient by
the provider. The patient then re-
views the situation in the context of
her own values and preferences and
makes a treatment decision [44].

3 ) The pure shared approach is char-
acterized by ongoing interaction
and information exchange between
patient and provider in all stages of
the decision making process. Infor-
mation flow is bidirectional. Infor-
mation about all available options
and risks is given to the patient by
the provider, and the patient dis-
cusses personal preferences, their
value system, and lifestyle with the
provider. The decision making proc-
ess involves an extensive discussion
and negotiation between the patient
and provider in search of the best
option to pursue and is a dynamic
one where both provider and patient
may move away from their initial
standpoint [44].

Shared decision making is increasingly
advocated as an ideal model of treat-
ment decision-making in the clinical
encounter and especially in geriatric
care that involves older adults and their
families. When making diff icult deci-
sions about transitions in care settings,
it is a challenge to accurately know if
an older adult is really fully functional
or faces challenges in carrying out ac-
tivities of daily living. Rather than re-
lying on self-report or scarce clinical
observations, information provided by
SHAAL applications (for example,
motion or bed sensors) can provide a
more accurate description of one’s abil-
ity to carry out activities of daily liv-
ing independently over time and
whether a trajectory or trend indicate
for example functional decline or that
the amount of actual assistance needed
is increasing and warrants a potential
transfer to a setting that provides a
higher level of care. Similar clinical

challenges such as medication com-
pliance or pain management can be
informed by expanded datasets pro-
vided by diverse SHAAL systems
that can be integrated into a PHR sys-
tem accessible to older adults, their
families and health care providers.
In the shared model, the process by
which the interaction is conducted aim-
ing to reach an agreement can be de-
termined at the outset of the encoun-
ter or develop as the encounter unfolds
and is shaped dynamically by the on-
going communication. Information
sharing is a prerequisite to shared de-
cision making.

Conclusion
SHAAL systems introduce new ways
to monitor the well-being of older
adults and new knowledge that can be
made easily available to older adults
themselves, their providers and other
parties. Therefore, SHAAL systems can
support patient and family empower-
ment as they allow citizens to be ac-
tively involved in their own health care
rather than be passive recipients of serv-
ices. Additionally, shared decision mak-
ing can be supported by the availabil-
ity of extensive data sets accessible to
multiple stakeholders.

It is a challenge to expect all pa-
tients to enroll in this process as equal
partners as one may argue that there
may often be a power imbalance in the
clinician-patient relationship. Obvi-
ously health care providers have supe-
rior knowledge of the options and is-
sues involved as well as clinical
experience and therefore join the proc-
ess as experts [45]. A patient may of-
ten participate in the encounter feel-
ing vulnerable due to their illness or
fear of the unknown. Additional issues
such as health literacy, income, gen-
der, cultural barriers may impede pa-
tients and prevent them from express-
ing their preferences or negotiate with
the clinician [45]. Older adults may
additionally cope with functional or

cognitive limitations or frailty that
may further weaken their  abil i ty to
negotiate and engage in a process that
involves reflection and negotiation. As
Guadagnoli and Ward point out, it is a
great challenge for clinicians who want
to practice a shared approach to pro-
vide a safe environment for patients
and their families allowing them to be
comfortable in exploring information,
expressing opinions and negotiating
options [46].

SHAAL applications can increase
access to information for older adults
and their families and capture infor-
mation about activities of daily living,
well being and social interactions ex-
panding the knowledge base beyond
clinical or strictly physiological vari-
ables assessed within clinical settings.
Furthermore, SHAAL systems enable
assessment in the “natural” or residen-
tial setting of older adults, providing
more meaningful and representative
knowledge basis for shared decision
making. It is important to advance this
informatics domain and develop inno-
vative and well documented strategies
to synthesize the new and complex data
sets resulting from SHAAL applica-
tions to generate information and ulti-
mately actionable knowledge. The Inter-
national Medical Informatics Association
(IMIA) Working Group on Smart
Homes and Ambient Assisted Living
[47] explores the research and devel-
opment of applications that will ad-
dress the complexities discussed in this
paper. Obviously, attention needs to be
paid to several ethical, practical, and
regulatory challenges and considera-
tions [3]. The framework discussed in
this paper demonstrates the additional
layers of research and development
required to facilitate a shift of SHAAL
from exploratory or feasibility projects
to actual implementations that inform
the care of older adults. An interdisci-
plinary approach engaging informa-
tion technology and clinical expertise
will unleash the potential for
behavioral and environmental sensing
and tracking data, information and
knowledge to support aging.



IMIA Yearbook of Medical Informatics 2011

57

Smart Homes and Ambient Assisted Living Applications: From Data to Knowledge- Empowering or Overwhelming Older Adults?

References
1. US Department of Health and Human Services-

Administration on Aging (2005). 65+ in the United
States: 2005. Available at http://www.census.gov/
prod/2006pubs/p23-209.pdf

2. W.M. Kellogg Foundation. Timelye Opportunities:
What Works in Community Care for the Elderly.
Monograph Item Nr. MO747, 1997.

3. Demiris G, Hensel BK. Technologies for an aging
society: a systematic review of “smart home”
applications. Yearb Med Inform 2008:33-40.

4. Abowd GD, Mynatt ED. Charting Past, Present
and Future Research in Ubiquitous Computing.
ACM Trans Comput Hum Interact
2000;7(1):29-58.

5. Marsh J. House Calls. Rochester Review
2002;64(3):22-6.

6. Kidd CD, Orr R, Abowd GD, Atkeson CG, Essa
IA, MacIntyre B, et al. The Aware Home: A Living
Laboratory for Ubiquitous Computing Research.
Proceedings of CoBuild 1999.

7. Cash M. Assistive technology and people with
dementia. Rev Clin Gerontol 2003;13(4):313-9.

8. Ackoff RL. From Data to Wisdom. Journal of
Applied Systems Analysis 1989;16:3-9.

9. Bonander J, Gates S. Public Health in an Era of
Personal Health Records: Opportunities for
Innovation and New Partnerships. J Med Internet
Res 2010;12(3):e33. Retrieved from: http://
www.jmir.org/2010/3/e33/

10. National Alliance for Health Information Technology.
Defining Key Health Information Technology Terms
2008. Available online at: http://www.nahit.org/
images/pdfs/HITTermsFinalReport_051508.pdf

11. Kahn JS, Aulakh V, Bosworth A. What it takes:
Characteristics of the ideal personal health record.
Health Aff 2009; 28:369-76.

12. Hassol A, Walker JM, Kidder D, Rokita K, Young
D, Pierdon S, et al. Patient experiences and attitudes
about access to a patient electronic health care record
and linked web messaging. J Am Med Inform Assoc
2004;11(6):505-13.

13. Demiris G. Information Technology and Systems
in Home Health Care. In: National Research Council
of the National Academies: The Role of Human
Factors in Home Health Care. The National
Academies Press 2010; 173-99.

14. Tang PC, Ash JS, Bates DW, Overhage JM, Sands
DZ. Personal health records: definitions, benefits,
and strategies for overcoming barriers to adoption.
J Am Med Inform Assoc 2006;13(2):121–6

15. Witry MJ, Doucette, WR, Daly JM, Levy, BT,
Chrischilles, EA. Family Physician Perceptions of
Personal Health Records. Perspectives in Health
Information Management 2010;7(Winter): 1d.

16. Weitzman ER, Kaci L, Mandl KD. Acceptability of
a personally controlled health record in a community-
based setting: implications for policy and design. J
Med Internet Res 2009;11(2):e14. Retrieved from:
http://www.jmir.org.offcampus.lib.washington.edu/

2009/2/e14/
17. Kim EH, Stolyar A, Lober WB, Herbaugh AL,

Shinstrom SE, Zierler BK, et al. Challenges to
Using an Electronic Personal Health Record by a
Low-Income Elderly Population. J Med Internet
Res 2009;11(4):e44. Retrieved from: http://
www.jmir.org/2009/4/e44/

18. McInnes DK, Gifford AL, Kazis LE, Wagner TH.
Disparities in health-related internet use by US
veterans: results from a national survey. Inform
Prim Care 2010;18(1):59-68.

19. Nazi KM. Veterans’ voices: use of the American
Customer Satisfaction Index (ACSI) Survey to
identify My HealtheVet personal health record users’
characteristics, needs, and preferences. J Am Med
Inform Assoc 2010 Mar-Apr;17(2):203-11.

20. Pagliari C, Detmer D, Singleton P. Potential of
electronic personal health records. BMJ 2007 Aug
18;335(7615):330–3

21. Weitzman ER, Kaci L, Mandl KD. Sharing medical
data for health research: the early personal health
record experience. J Med Internet Res 2010 May
25;12(2):e14. Retrieved from: http://www.jmir.org/
2010/2/e14/

22. Fonda SJ, Kedziora RJ, Vigersky RA, Bursell SE.
Combining iGoogle and personal health records to
create a prototype personal health application for
diabetes self-management. Telemed J E Health
2010;16(4):480-9.

23. Hoerbst A, Kohl CD, Knaup P, Ammenwerth E.
Att i tudes and behaviors related to the
introduction of electronic health records among
Austrian and German citizens. Int J Med Inform.
2010;79(2):81-9.

24. Brundage M, Feldman-Stewart D, Leis A, et al.
Communicating quality of life information to cancer
patients: a study of six presentation formats. Journal
of Clinical Oncology 2005;23(28):6949-56.

25. Hoeke JO, Bonke B, van Strik R, Gelsema ES.
Evaluation of techniques for the presentation of
laboratory data: support of pattern recognition.
Methods Inf Med 2000;39(1):88-92.

26. Elting LS, Martin CG, Cantor SB, Rubenstein
EB. Influence of data display formats on physician
investigators’ decisions to stop clinical trials:
prospective trial with repeated measures. BMJ
1999;318(7197):1527-31.

27. Curran CR. Data display techniques. Appl Nurs
Res. Aug 1999;12(3):153-8.

28. Berton J. Semiology of Graphs. Madison, WI:
University of Wisconsin Press; 1983.

29. Carpenter PA, Shaw PA. A model of the perceptual
and conceptual processes in graph comprehension.
J Expl Psychol 1998;4:75-100.

30. Shaw PA, Mayer RE, Hagarty M. Graphs as aids to
knowledge construction: Signaling techniques for
guiding the process of graph comprehension. Journal
of Educational Psychology 1999;91:690-72.

31. Standing L, Conezio J, Haber R. Perception
and memory for pictures: Single0trial learning
of 2500 visual stimuli. Psychonomic Science
1970;19:73-4.

32. Tufte ER. The visual display of quantitative

information. Cheshire, CT: Graphics Press; 1983.
33. Cleveland WS, McGill R. Graphical perception:

Theory, experimentation and application to the
development of graphical methods. J Am Stat Assoc
1984;79:531-54.

34. Stewart M. Studies of health outcomes and patient-
centered communication. In: Stewart M, Brown
JB, Weston WW, McWhinney IR, McWilliam C,
Freeman TR, editors. Patient-Centered Medicine:
Transforming the Clinical Methods. Thousand
Oaks, CA: Sage, 1995.

35. Savage R, Armstrong D. Effect of a general
practitioner’s consulting style on patient satisfaction:
a controlled study. BMJ 1990;301:968-70.

36. Kinmonth AL, Woodcock A, Griffin S, Spiegal N,
Campbell MJ. Randomized controlled trial of
patient-centered care of diabetes in general practice:
impact on current wellbeing and future disease risk.
BMJ 1998;317:1202-8.

37. Stewart M, Brown JB, Weston WW, McWhinney
IR, McWilliam C, Freeman TR. Patient Centered
Medicine: Transforming the Clinical Method.
Thousand Oaks, CA: Sage, 1995.

38. Roter D. Which facets of communication have strong
effects on outcome-a meta analysis. In Stewart M,
editor. Communicating with medical patients.
Thousand Oaks, CA: Sage, 1989.

39. Mead N, Bower P. Patient centredness: a conceptual
framework and review of the empirical literature.
Soc Sci Med 2000;51:1087-110.

40. Mead N, Bower P. Measuring patient centredness: a
comparison of three observation based instruments.
Patient Educ Couns 2000;39:71-80.

41. Richards T. Partnership with patients. BMJ
1998;316:85-6.

42. Coulter A, Entwistle V, Gilbert D. Sharing decisions
with patients: is the information good enough?
BMJ 1999;318:318-22

43. Coulter A. Paternalism or partnership? BMJ
1999;319:719-94.

44. Charles CA, Whelan T, Gafni A, Willan A,
Farrell S. Shared Treatment Decision Making:
What does it mean to physicians? J Clin Oncol
2003;21(5):932-6.

45. Charles CA, Gafni A, Whelan T. Decision-making
in the physician-patient encounter: revisiting the
shared treatment decision making model. Social
Science and Medicine 1999; 49:651-61.

46. Guadagnoli E, Ward P. Patient satisfaction in
decision making. Social Science and Medicine
1998;47:329-39.

47. International Medical Informatics Association
Working Group on Smart Homes and Ambient
Assisted Living http://www.health-smarthomes.org

Correspondence to:
George Demiris PhD
University of Washington
BNHS Box 357266
Seattle WA 98195, USA
E-mail: gdemiris@uw.edu


