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Abstract
The world’s population is aging, and this shift in demographics will place a high burden on the world’s healthcare
systems. Smart technology provides a potential method of
addressing the demands of these changing demographics.
In this paper, we describe the design for a smart calendar
that supports elderly people in their daily tasks and activities with the use of ambient notifications. We describe a
typical day in the life of a target user, and how the smart
calendar system would support the user in living self-sufficiently
as she ages. We then discuss design challenges for implementing the persuasive technology. These challenges
include correctly detecting a change in behavior and their
urgency, the effectiveness of ambient notifications to create health behavior change, and privacy concerns with data
collection and sharing.
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Introduction

Background

The world’s population is aging, and this shift in demographics will influence many parts of the society. By 2050,
the United Nations predicts that the percentage of the world’s
population 60 years or older will grow from 12.3 percent to
21.5 percent [11]. In Europe, this population is predicted
to grow from 23.9 to 32.8 percent [11]. This shift in demographics will place a high burden on the healthcare system,
with higher demand for medical care associated with aging. We will not have the resources to take care of the aging
population within the constraints of our current health care
system.

One of the major challenges of developing assistive technologies for older adults is developing technologies that are
acceptable to the user. Much evidence suggests that older
adults are willing to incorporate technology into their every
day lives [2, 6, 8]. Peek et al. summarized factors that influence the acceptance of technology for aging in place [6].
They found six major factors that include concerns about
cost and privacy related to technology use, anticipated benefits of the technology, perceived need for the technology,
availability of alternatives to technology, the influence of
family or friends, and various characteristics of the older
adults.

In response to the world’s aging population, a lot of focus
has been placed on developing assistive technologies to
enhance and extend current care for the elderly. Such technologies focus on augmenting current health care services,
and also on extending the period of time that an individual
can live self-sufficiently [1, 2, 3, 4, 5, 7, 9]. Our vision is to
create a persuasive system that supports the elderly who
choose to live alone in their homes for longer. We propose
a design for a smart calendar that interacts with various
smart home devices to support the user in their daily activities and to encourage healthy behavior.
In this paper, we describe how a smart calendar could support elderly people in their daily tasks and activities. To do
so, we describe a typical day in the life of a target user, and
how the smart calendar system would be integrated into her
daily life. Through this scenario, we will describe how the
system will support our target user when she is relatively
healthy. We will also describe how the system will support
the target user when her change in behavior suggests potential illness.
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Rashidi and Mihailidis presented design challenges for
ambient-assisted living tools for elderly people [7]. They
recommend using a simple interface and to avoid parallel
tasks in order to minimize the possibility of errors. The user
of such systems must have the control over the system and
must be able to override automatic processes or decisions.
Such systems should be adaptable to the users’ needs and
the current context. However, the authors suggest to grant
access to the system to other stakeholders, such as doctors
or family members. Privacy issues should be considered for
designing ambient-assistance systems. Consolvo et al. allowed elderly users to decide which information they would
like to share. This increased the users’ sense of control and
trust in the system [1].
In interviews with elderly people living in Europe, Sixsmith
et al. found that well-being, and not just illness management, is an important aspect of aging in place [10]. Factors
related to well-being included self-sufficiency in daily activities, balancing and maintaining their social lives, and
staying active. Rosenberg et al. also found that older adults
want technology that would keep them mentally and phys-
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ically active, technology that is simple and has intelligent
and automatic functions, technology that can be adapted
to the individual user, and technology that is not associated
with old age. Demiris et al. investigated possible use-cases
for smart home systems for older adults [2]. They found that
potential users desired systems that provide emergency
help, reminders about medical appointments, and monitoring of the house (e.g. oven safety controls).

Figure 1: Concept image of the
calendar. Suggested events are
shown as gray entries.

Systems already exist that begin to address some of these
concerns. Garcia Vazquez et al. developed an Ambient
Information System (AIS) for a smartwatch to support medication adherence among elderly users [3]. Garcia Vazquez
et al. then further developed the system for a smartphone [4].
The system uses audio cues and notifications on the smartphone to prompt the users to take medication, and also provides information about dosage and purpose of the medication. The system uses an image of a bird to visualize the
user’s adherence over the past week, with the intention of
encouraging the users to continue taking the medication.
Better adherence from the user leads to the bird growing
from an egg to an adult who can fly from the nest.
The role of ambient systems in supporting social contact
to family members or other care-givers has also been explored. The use of digital portraits to support communication between family members who do not live together
is promising [1, 5, 9]. Digital portraits of elders have been
used to aid both local and distant family members in caring
for aging parents [1, 9]. There, portraits display information
about the daily activity of the elderly user that is collected
by sensors places in their house. In both studies, caregiver
participants reported increased awareness about their elder’s daily life.
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The smart calendar system
We envision a smart calender in the context of smart home
environments (see Figure 1). The smart calendar will be
placed on the wall and provides entirely ambient notifications to the user. Additionally, the smart calendar can also
be viewed on the user’s smartphone, allowing the user to
interact with the calendar on the go.
The scenario
In this scenario, we describe a typical day of an elderly, retired person. This scenario will be used to explain the functionality of the smart calendar in detail.
Maria Miller is a sixty-eight year old, retired mathematics
teacher who has no major health concerns. Maria is divorced, and lives alone in an apartment in the city center of
London. Her only child, her daughter, lives with her family
a few hours away in Cornwall. In the morning, Maria goes
to the market to buy fresh food for the day. Every day, she
cooks herself lunch. While she cooks, Maria enjoys listening to classical music. In the evening, Maria typically calls
her daughter and speaks with her grandchildren. Every
Saturday, Maria meets up with friends to play cards in the
afternoon.
Functionality
The smart calendar supports two different modes. For
users who do not have health concerns, the calendar acts
as a digital calendar that is both accessible on a smartphone and through its physical representation in the user’s
smart home. In addition, the calendar suggests events for
the user to attend, supports daily activities and tasks, and
supports social contact. For users with mental or physical
illness, the calendar is able to detect unhealthy changes in
behavior, and prompts the user with various types of notifications.
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State: in health
Event suggestions Maria uses her smart calendar as
she would use a typical digital calendar. She checks the
calendar to not forget her events. She also adds new events
as she becomes aware of them or edits details of existing
events. Additionally, the calendar automatically makes suggestions for other events that fit free time slots in Maria’s
calendar. The smart calendar suggests local events that
she might enjoy according to her preferences. For example, Maria frequently listens to classical music in the kitchen
while cooking. Therefore, the calendar provides information
about upcoming classical music concerts in her city.
Support for daily activities and tasks Like many calendar applications, the smart calendar also supports to-do
lists. Maria’s smart fridge and smart cupboards keep track
of what food is available, and what food is about to spoil.
When Maria is about to run out of essentials (e.g. coffee or
butter), and of toiletries (e.g. shampoo, soap) the smart calendar will propose a shopping event with an automatically
generated grocery list. In addition to this, if Maria is planning recipes for the next day on a smart device, the ingredients for the selected recipes are also added to the grocery
list. The calendar uses the items from the list to create suggestions for nearby grocery stores, which are open and sell
all of the ingredients she requires.
Support for family connection In the evening, Maria
often calls her daughter and grandchildren. However, she
does not want to call and disrupt dinner time or bed time.
To avoid this, Maria is able to synchronize her calendar with
her daughter’s calendar to find good times to call.
State: in sickness
Missed social events Maria meets her friends every Saturday in a cafe in the city to play cards with them. However

1599

in the past few weeks, she has not attended and her friends
played cards without her. The meeting with her friends was
Maria’s main source of social contact in the week. Instead
of attending the meetings, she has been staying home
alone and watching television. This decline in social interaction may be a result of mental illness, such as depression. Social interaction is important to Maria’s well-being.
Therefore, to motivate Maria to attend the meetings with
her friends again, the calendar displays photographs of the
friends she typically plays cards with, as well as images of
card games. If Maria still does not meet her friends to play
cards, and instead chooses to watch the television, notifications from the calendar will appear on the smart TV screen.
These notifications will remind her of the upcoming date
and time to meet with her friends.
Missing contact with other family members Like in the
scenario where Maria plays cards, it is important for Maria
to stay in contact with her family. If Maria goes many days
without contacting her family, the calendar will display images of her family members more frequently. If an unusually long time passes with no contact with family members,
Maria’s family members will receive a notification to check
in on Maria.
We envisioned potential functions of a smart calendar. In
the future, we plan to build and evaluate such a smart calendar. In addition to the aforementioned themes highlighted
by Peek et. al [6], we find the following themes to be crucial
to investigate future work.
Event suggestions
We envision that the smart calendar will provide the user
with suggestions for new events. Therefore, the calendar
must learn about the user’s interests, and how willing the
user is to attend different types of events. Certain users
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may respond well to event suggestions that are very different from their typical events, but too many unrelated suggestions may also cause them to ignore or devalue them.
Changes in behavior
At any point, users may no longer engage in their typical
behavior, and ignore ambient cue to action. These behaviors may change for a variety of reasons that do not
require intervention and that do not suggest a health concern. What type of change in behavior requires an urgent
response remains an open question. The user may no
longer play cards with friends, because she has become
bored with playing the same game each week. The system
must be able to recognize this type of situation and learn
the user’s new pass times that replace playing cards. Detecting the difference between intentional decisions and
illness-induced behavior changes is a major challenge for
the envisioned system.
Appropriate reactions on behavior change
We must investigate the effectiveness of ambient notifications when the system detects alarming changes in the
user’s behavior. For certain behavior changes, the system
may need to notify the user more intrusively. Therefore, the
type of notification used must be dependent on the context
and type of behavior. For changes which have influence on
the user’s health, such as ignoring notifications for buying
food which will result in hunger, ambient notifications may
not be suitable. Furthermore, there may be certain illnesses
or stages of illness, e.g. late-stage Alzheimers, for which
the smart calendar would be ineffective. For these illnesses,
the system will require different types of assistance.
Privacy issues
An important question is how social connections such as
family members or close friends should be incorporated into
the system. Incorporating family, friends or other stakehold-
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ers, like doctors, may provide the social support needed
for the user to engage in healthy behavior; however, involving these caregivers creates questions related to privacy.
It is a challenge to combine the interest of family members
for having an awareness of the elderly’s activities with privacy concerns of the elderly. Therefore, we must investigate
what type of information family members or other stakeholders should have access to.
Consolvo, et al. allowed the elderly user to have control
over which information she shared [1]. This requires the
user to be aware of the types of data being collected. However for this smart calendar, there must be a compromise
between providing caregivers with necessary information
and giving the elderly user control over what data can be
shared. The public nature of the calendar within the house
presents another privacy concern. How can we assure context aware notifications and how will the system change
when the elderly has visitors.
Safety issues
Another challenge is to extend this calendar to encompass
medical-related notifications, which will require more critical
considerations for the user’s safety. If the calendar offers a
feature to support medication adherence, the effectiveness
of reminder notifications becomes even more important.
Support multi-user functionality
A future consideration for the smart calendar is how to
handle multiple people’s schedules. Families, couples, or
cohabiting people present new challenges for designing
a smart calendar, and may require a different interface to
handle multiple schedules and notifications.

Summary
In this paper, we presented our vision of a smart calendar
which supports elderly people with their daily tasks and
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activities. We described the calendar’s envisioned functionality for healthy people as well as for people with mental or
physical illnesses. We then discussed upcoming themes
that we plan to investigate in the future, including detecting
negative behavior changes, the effectiveness of ambient
notifications to create health behavior change, and privacy
concerns with data collection and sharing.
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