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Abstract. Older adults often need some level of assistance in performing daily living activities. Even though these activities are
common to the vast majority of individuals (e.g., eating, bathing, dressing), the way they are performed varies across individuals.
Supporting older people in performing their everyday activities is a major avenue of research in smart homes. However, because
of its early stage, this line of work has paid little attention on customizing assistive computing support with respect to the specific
needs of each older adult towards improving its effectiveness and acceptability. We propose a tool-based approach to allowing
caregivers to define services in the area of home daily living, leveraging their knowledge and expertise on the older adult they
care for. This approach consists of two stages: 1) a wizard allows caregivers to define an assistive service, which supports
aspects of a daily activity that are specific to an older adult; 2) the wizard-generated service is uploaded in an existing smart
home platform and interpreted by a dedicated component, carrying out the caregiver-defined service. Our approach has been
implemented. Our wizard has been successfully used to define existing manually-programmed, activity-supporting services. The
resulting services have been deployed and executed by an existing assisted living platform deployed in the home of community-
dwelling individuals. They have been shown to be equivalent to their manually-programmed counterparts. We also conducted
an ergonomics study involving five occupational therapists, who tested our wizard with clinical vignettes describing fictitious
patients. Participants were able to successfully define services while revealing an ease of use of our wizard.

Keywords: Smart home, Ambient assisted living, Assistive computing, End-user programming

1. Introduction (e.g., CART [5], CASAS [6], and HomeAssist [7]) and
have shown such benefits as preventing everyday func-

Smart homes are a promising approach to assisting tioning losses in older adults [8]. We conducted such
individuals with a range of disabilities and support- an experiment using HomeAssist to address the needs
ing their independent living [1]. This approach has nu- of three populations — older adults, persons with in-
merous potential benefits, including reducing the bur- tellectual disability, and persons with autism spectrum
den on caregivers [2] and the use of health and so- disorders — in performing their home activities inde-
cial services [3]. Research on applying smart homes pendently. Our aim was to explore assistive services
to assisted living is a very active field [4]; advanced with practical case studies, covering all aspects from
platforms have been used for real-world experiments collecting needs for specific users, to deploying ser-
vices tailored to each user in their home. To do so,

“Corresponding author. E-mail: charles-consel @bordeaux-inp.fr. we formed an interdisciplinary group with a range of
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2 Caregiver Development of Activity-Supporting Services for Smart Homes

expertise, including psychology, occupational therapy,
professional caregiving, and computer science. Early
in the project, we found that, even though some ser-
vices could apply to a range of users, those creat-
ing the most interest in users and caregivers often re-
quired specific interviews, analysis, and software de-
velopment. Although specific, this work involved com-
mon stages: (1) analyzing needs with a user and/or
their caregiver; (2) writing a specification of an assis-
tive service with feedback from the user and/or their
caregiver; (3) developing the assistive application for
the smart home platform; (4) and, assessing the ap-
plication with the user and/or their caregiver. These
stages needed to be iterated, as in any development
process. Thanks to our human-centered approach, we
were able to adjust the services during development,
preventing any gap between the behavior of the ser-
vices and the needs expressed by the user and/or their
caregiver.

This systematic approach allowed us to produce ser-
vices highly tailored to users, not necessarily know-
ing a priori the specific topics we would be address-
ing. Such services showed a positive impact on the
users and their caregivers because they felt their in-
dividual needs had been taken into account and they
were able to concretely assess the outcome of their in-
puts in the resulting services. As an illustration of this
exploration, we developed a service to manage outside
appointments of a user. This service uses a calendar
to manage events. If an event is triggered and corre-
sponds to an outside appointment, the service informs
the user of the upcoming appointment early enough to
give them time to prepare. Then, a sensor is used to
check whether the user left home. If not, when the ap-
pointment is important (e.g., health related), the care-
giver is notified, in addition to the user. Other examples
covered in this exploration included such activity areas
as household chores (i.e., homemaking), vocational,
leisure and health management. Even though satisfy-
ing for users, our approach showed practical limita-
tions, as we tried to grow the number of users and as-
sistive goals: it did not scale up because of the amount
of time required to gather the user needs and develop
the corresponding services.

To resolve our software development bottleneck, we
set out to analyze the activity-supporting services we
had developed. This analysis revealed that they had ex-
tensive common properties, which suggested that they
formed a program family [9]. As reported in the lit-
erature, the variations and commonalities of a pro-
gram family can be leveraged to factorize parts of

the software development process. Factorization typ-
ically takes the form of domain-specific languages
(e.g., [10]) and gives rise to program generation tools
(e.g., [11]). This finding was a key insight toward solv-
ing our software development bottleneck problem.

Our approach

We propose a complete approach to developing
activity-supporting services, ranging from the model-
ing of the target activities, to an end-user tool to define
services, to a layer to run services in a smart home.

A taxonomy of activities To model the activities to
be supported by our approach, we have developed a
taxonomy, drawing from 1) the taxonomies of home
activities reported in the literature, 2) discussions with
caregivers, and 3) needs analysis of our participants.

A wizard for activity-supporting services To prevent
any gap between the gathered user needs and the re-
sulting activity-supporting service, we have developed
a wizard, which allows a caregiver to express a ser-
vice within our taxonomy of target activities. This wiz-
ard runs on a tablet and was designed and developed
in close collaboration with three professionals in aging
to ensure its usability. Specifically, at key development
stages, we conducted interviews and usability tests.

Execution support for wizard-defined services Our
wizard generates a representation of a caregiver-
defined service that is fed to the smart home platform.
A dedicated layer is in charge of interpreting this rep-
resentation to realize the service, leveraging available
connected objects (e.g., sensor), services (e.g., calen-
dar), and interaction modalities (e.g., user notifica-
tions).

To validate our approach, (1) we used our wizard
to define existing activity-supporting services and ob-
served their behaviour equivalence when deployed in
the home of our participants; (2) additionally, we used
our wizard to define a number of new services to test
the coverage of the target taxonomy of activities —
the wizard-defined services targeted older adults, users
with intellectual disability, and users with autism; (3)
finally, we conducted a study to measure the usability
of the wizard with five occupational therapists (OTs)
that used the wizard’s features to respond to clinical
fictitious situations; the results reveal a good usability
of our wizard by OTs.

As can be noted, the goal of our work is not to in-
troduce new techniques to develop wizards. Instead,
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Caregiver Development of Activity-Supporting Services for Smart Homes 3

we aim to examine whether a wizard can be an effec-
tive tool to allow caregivers to define realistic activity-
supporting services which, in doing so, directly benefit
from their knowledge and expertise.

Overview

The rest of this paper is organized as follows. Sec-
tion 2 discusses the related work, covering the salient
features of our approach. In Section 3, we analyze our
target domain — activities of daily living in the home
— and develop a taxonomy of such activities that can
be supported by technology. This taxonomy drives the
definition of a wizard, which allows end-users to define
their own services. This wizard is presented in Sec-
tion 4. The support required to execute wizard-defined
services is described in Section 5. An evaluation of our
approach is presented in Section 6, followed by con-
cluding remarks and future work given in Section 7.

2. Related Work

In this section, we investigate smart homes that pro-
vide an infrastructure for services supporting activi-
ties of daily living. We then examine these activities,
drawing from how they are modeled and classified in
the literature. Next, we review computing approaches
to supporting activities of daily living. Finally, to en-
able caregivers to develop their own assisted living ser-
vices, we review some approaches for end-user devel-
opment.

2.1. Smart Homes

A smart home is commonly viewed as a set of con-
nected objects, allowing the user to control, via con-
ventional or voice interface [12], the various home
components (heating, shutters, entrance gate, electri-
cal outlets, etc.), and providing technical solutions to
meet comfort needs (energy management, optimiza-
tion of lighting and heating), security (alarm) and com-
munication (remote controls, visual or audible sig-
nals, etc.) [13]. Despite the many benefits of smart
home, it does not address the specific needs of indi-
viduals with cognitive decline and/or disability. Their
needs consist of environmental support to helping
them perform their daily activities, as increasingly evi-
denced [14, 15]. As such, these needs go beyond exist-
ing forms of smart home but could leverage this infras-
tructure towards forming an environmental support.

2.2. Activities of Daily Living and Their
Classification

There is an extensive literature on activities of daily
living (ADLs), produced by such domains as occupa-
tional therapy (e.g., [16]), human factors (e.g., [17]),
psychology (e.g., [18]). ADLs are generally divided
into two categories: basic activities (BADLs) that are
necessary for fundamental functioning — eating, get-
ting dressed, looking after the appearance, efc. — and
instrumental ADLs (IADLs) that are necessary for in-
dependent living — cleaning and maintaining the house,
preparing meals, shopping for groceries and necessi-
ties, leisure, taking medications, efc. [19]. The disci-
plines producing the classification of activities pursue
various goals, ranging from evaluating the functional
status of an individual, to devising an occupational re-
habilitation program. Our goal is complementary in
that we aim to develop a taxonomy of home activities,
which serves as a framework for caregivers to define
technology-based assistive services. The aim of this
framework is to guide the caregivers in a step-by-step
process in identifying and declaring the specificities of
the user needs. Refining this process should contribute
to develop a tool that supports service development.

2.3. Computing Support for Activities of Daily Living

The ability to perform ADLs is a determining factor
for independent living. Given that performing ADLSs at
home often translates into interactions of a user with
their environment, a smart home is a promising in-
frastructure for monitoring ADLs. In fact, this topic
has been receiving much attention for more than a
decade in research areas related to ubiquitous com-
puting. An ambitious approach is activity recognition,
where the system infers which activity a user is per-
forming, how they are performing it, and its current
stage [20]. Although promising, in the context of smart
homes, this approach is still being studied in experi-
mental settings. Furthermore, machine learning algo-
rithms, often used in this context, face major chal-
lenges when applied to computing systems support-
ing individuals with cognitive decline and/or disabil-
ity. Whether supervised or unsupervised, in a naturalis-
tic setting, machine learning-based systems have to ac-
count for changes in sensors (e.g., moved, broken, re-
placed) and changes in activities (e.g., new activity pat-
terns due to declining/acquired abilities). Putting these
systems to practice still requires research.
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4 Caregiver Development of Activity-Supporting Services for Smart Homes

Another approach proposed by Caroux et al. con-
sists of verifying activities based on user declarations,
instead of inferring them [21]. This pragmatic ap-
proach has been successfully used in single-occupant
homes in real-life settings and applied to a realistic
set of activities, namely, meal preparation, getting up
from/going to bed, and taking a shower [21]. Caroux
et al. do not address the software development needed
to handle additional activities.

Because our primary goal is to allow caregivers to
define activity-supporting services, we need to trade
expressiveness for simplicity (i.e., reducing the scope
of the services that can be expressed). Consequently,
we do not envision to support a general form of ac-
tivity detection and the configuration space that would
be required. Instead our approach should apply activ-
ity verification using a wizard to leverage the knowl-
edge of the caregivers and focusing on single-occupant
homes. Following the conclusions of the activity veri-
fication experiments, the sensing capabilities available
in the wizard can be limited [21, 22]. This should sim-
plify the service definition process, while retaining the
ability to detect insightful interactions of the user with
their environment when performing activities of inter-
est.

2.4. Service Development

As observed by Greenhalgh et al., successful as-
sistive technology is often characterized by prag-
matic customization, often performed by their care-
givers [23]. This situation can be quite an impedi-
ment when developing an assistive service that re-
quires programming skills. Beyond programming lan-
guages and domain-specific languages, end-user de-
velopment (EUD) provides users with textual/visual
forms of programming, which require little, if any,
technical skills. However, even a successful end-user
programming language, such as Scratch [24], has a
long learning curve for less tech-savvy users; such lan-
guages require user practice and time, which represent
barriers for novices [25].

In the context of smart homes, Brich et al. argue
that involving end-users in the development of ser-
vices requires interfaces that need to be easy to under-
stand and use, especially for less tech-savvy users [26],
as are caregivers. SPOK is an end-user programming
language, dedicated to the smart home domain [27].
It is a rule-based, imperative language that offers the
user a pseudo-natural syntax for ease of programming
and constructs such as “while” and “if”” for expressive-

ness. Another end-user approach to customizing smart
homes is trigger-action programming, such as if-this-
then-that, as popularized by the website IFTTT. How-
ever, as observed by Huang et al. specifying services in
IFTT is difficult because the notion of event and state
are frequently confused by users [28].

A study of visual languages for smart spaces is re-
ported by Reisinger et al., where form-filling and data-
flow programming are compared [29]. Form-filling
allows participants to complete programming tasks
faster and higher overall completion rate, whereas sig-
nificantly more items are remembered when partici-
pants are being presented with a data-flow visualiza-
tion. The authors recommend to blend both approaches
for end-user programming of untrained users. Lever-
aging this work, we are envisioning a wizard-based ap-
proach for end-user programming of services.

3. Taxonomy of Activities for Independent Living

First, we explore and organize activities of daily liv-
ing and the needs they could address, according to
users and their caregivers. Next, we present the assis-
tive goals that result from activities of interest. Then,
we examine the assistive applications that were (man-
ually) developed based on these assistive goals and de-
ployed in the smart home of our participants. Lever-
aging these applications, we identify and analyze their
commonalities and variabilities towards forming a tax-
onomy of technology-supported activities. This tax-
onomy will serve as a framework to define activity-
supporting services.

Exploring activities

To explore activities of daily living in the home,
we leverage a taxonomy used by occupational thera-
pists to assess the ability of individuals to live inde-
pendently in their home [30]. An extract of this tax-
onomy is presented in Figure 1. As can be noticed,
activities of daily living in the home are decomposed
hierarchically: from general categories of activities at
the root, to refined specific categories towards the bot-
tom. Leaves define a set of concrete activities, such as
taking out the garbage, vacuuming and sweeping. As
such, this taxonomy allowed us to explore user needs
in a systematic manner, down to specific activities,
which can become assistive goals.
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Caregiver Development of Activity-Supporting Services for Smart Homes 5
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Fig. 1. An extract of a taxonomy of home activities
Activity Assistive goal

Household chores — Preparing meals (breakfast, lunch, dinner)

Supervising and assisting meal preparation.

Sleep hygiene —Bed times

Supervising the user and suggesting bed times.

Vocational — Going to work

Supervising the user to ensure they leave home for work on time.

Household chores — Vacuuming, sweeping, ironing, taking out the
garbage, eftc.

Supervising and assisting household chores to ensure a well-managed
home.

Leisure — Going to the pool

Supervising the user to ensure they leave home for the pool on time.

Leisure — Practicing a musical instrument

Supervising the user to ensure they practice their musical instrument.

Health management — Healthcare visit

Supervising the user to ensure they are ready for a visit of a healthcare
professional.

Health management — Medication

Supervising the user to ensure they take their medication.

Table 1

Assistive goals

Assistive goals

Once an activity is targeted by a user and/or their
caregiver as an assistive goal, we start specifying what
assistance should be delivered and what technolog-
ical support would be needed. Table 1 lists on the
left column a few categories of activitities, extracted
from the taxonomy, and illustrates them; the right col-
umn briefly outlines an assistive goal for each exam-
ple of activity. Beyond the user and their caregiver, an-
alyzing an assistive goal may also involve experts in
human-related sciences to refine the user characteris-
tics and needs by administering standardized assess-
ments to determine the user’s skill set and deficiency.
This knowledge is then used to determine such di-
mensions as whether the assistance should be context
aware and the type of assistive support that is required
(e.g., reminder, task prompting). These steps are in-
spired by the human-centered approach to developing
assistive computing support proposed by Consel [31].

Assistive services

Assistive goals are carried out in practice by devel-
oping assistive services that will be deployed in the
smart home of the target user. In Table 2, we describe
a representative sample of assistive services that we
developed; it lists an abbreviated name of the service
used later for conciseness, its target activity, and a
short description.

As we developed services for our participants, we
realized that they consisted of recurring features. This
situation is reflected by the analysis of the service de-
scriptions, provided in Table 2. For example, examin-
ing meal preparation and vacuuming reveals that both
activities are located at home; they must occur during
a given time period and at recurring dates; they can
be supervised via sensors; reminders can be sent to
the user in case the activity is not performed. Let us
systematize this analysis to identify the commonalities
and variabilities of our assistive services.
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Caregiver Development of Activity-Supporting Services for Smart Homes

Name | Activity Service description

PM Preparing meals The service measures key user interactions with the environment (fridge, kitchen cabinet, etc.) via
sensors to detect whether a meal is being prepared within a set time interval, supplied by the user
at configuration time. The user and/or a caregiver is notified, when no meal preparation is detected
via a tablet notification or a text/email message. The service can also assist the user in preparing a
meal by launching a dedicated prompter.

BT Bedtime routines Driven by user-declared routines, the service checks whether they are realized by monitoring user
interactions with their environment via sensors. When a mismatch is detected the user and/or the
caregiver are alerted as in the previous service.

VA Vacuuming User is reminded of vaccuming, according to a user-supplied schedule. The vaccum cleaner is
equipped with a sensor to check whether it is running, allowing reminders to be sent appropriately.
Also, a dedicated task prompter can be launched to assist the user in performing the task.

IR Ironing Same as vacuuming. Sensor-equipped iron for context-aware reminders.

SW sweeping Same as vacuuming. A sensor is located at a strategic location to detect whether the activity is
being performed (e.g., the door of a cabinet containing cleaning items).

IN Practicing a musical | Same as vacuuming. The musical instrument is equipped with a sensor. Dedicated task prompter

instrument can be launched to assist the user in starting setting up the instrument.

SH Showering The service notifies the user and/or their caregiver, when no showering activity is detected (via a
motion detector), according to the user-supplied schedule.

TR Taking out the | The service notifies the user and/or their caregiver when the garbage is not taken out, according to

garbage the user supplied-schedule. This activity relies on a dedicated sensor, placed at a strategic location.

WO Going to work The service sends a notification to the user before and at departure time, according to a user-
declared schedule. User departure is checked via sensors. If the user is late, an alert is sent to them
and/or their caregiver.

SP Going to the pool Same as previous service.

CP Healthcare-related The service sends a reminder to the user before the time of the appointment. Additionally, a dedi-

visit cated prompter can be launched to assist the user in preparing the visit (personal care, household
chores, etc.).

CG Caregiver visit Same as previous service with a dedicated task prompter.

ME Medication taking A dedicated sensor checks medication is accessed (e.g., the door of a cabinet) at the user-supplied
times. An alert is sent to the user, if the activity is not performed. A dedicated task prompter can
be launched to guide the user, if needed.

Table 2

Description of services

Analyzing commonalities and variabilities

Because of the features they shared, we approach
our assistive services as a program family and analyzed
their commonalities and variabilities. This work first
allowed to group services into three main categories:
indoor, outdoor, home visit. Indoor consists of activ-
ities performed at home (e.g., vacuuming, sweeping,
showering, preparing meals) and may be supervised
via sensors. Outdoor activities may require preparation
time; it should eventually lead the user to leave home at
a given time, which can be checked via sensors. Home
visit occurs indoor and may also involve activities to
prepare it. Variabilities are concerned with the time of
an event, the time period, the sensor involved, the kind
of user interaction, the communication modality with
a caregiver, and the task prompter. Commonalities and
variabilities are summarized in Table 3.

A taxonomy of technology-supported activities

We have organized the commonalities and variabil-
ities identified previously into a taxonomy (displayed
in Figure 2). As such, it can serve as a guide for care-
givers to define an activity-supporting service and ad-
dress the user’s needs. At the root of this hierarchy, an
activity needs to have a description. It may be recur-
ring and may be supported by actions. The next level
introduces a choice between outdoor, indoor, and home
visit-related activities. Outdoor activities require a date
and a time at which the user is notified to start prepar-
ing, as well as a date and a time at which the user is
supposed to have departed from home. User departure
can be checked via a detector. Indoor activities consist
of a date, a time period, and a sensor, if supervision is
needed. Finally, home visit-related activities require a
date and a time. The leaves of our taxonomy consist of
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Caregiver Development of Activity-Supporting Services for Smart Homes 7

Indoor Outdoor Home visit

PM [ BT [ VA [IR [SW [SH [ TR [ IN[ME [ WO [ spP ][ CP [ CG |
Description v v v v oIV v v v v v v v v
Begin date v v v v v v v v v X X X X
End date v v v V|V v v v v X X X X
Recurrence VE VE P P P VE P P P v v P P
Reminder X X X X X X X X X P P v v
Alert v v v v |V v v v v v v X X
Preparation date X X X X X X X X X v v X X
Exit date X X X X X X X X X v v X X
Date of reminding X X X X X X X X X X X v v
SMS P P P P P P P P P P P P P
Email P P P P P P P P P P P P P
Guiding (Prompter) P P P P P P P P P P P P P
Supervised (sensor) v v v v v v v v v v X X X
Departure detection X X X X X X X X X v v X X

P: Possible (depends of the needs) v'*: mandatory recurrence for such activities as preparing meals and showering.

Table 3
Family of assistive services

Activity

- Description
- Recurrence
- Actions (notification/
prompting/ sms /
mail)

c

‘ Outdoor W Indoor W (

Home visit

- Start/end date
- Preparation time
- Departure time
- Departure detector

- Start/end date
- Start time
- End time
- Supervision (sensors)

- Taking out the garbage
- Running the washer

- Date and time of
reminder

- Health related visit
- Caregiver visit
- Etc.
-/

- Going to work

- Swimming pool
- Etc. - Playing an instrument
- Preparing meals
- Vacuuming
- Sweeping
- Ironing
- Etc.

Fig. 2. A taxonomy for technology-supported activities

actual activities that inherits the characteristics of the
parent levels.

Our taxonomy of technology-supported activities
suggests a staged process to define services that could
be tooled. This opportunity is explored in the next sec-

tion.

4. A Wizard for Caregiver Development of
Services

Our aim is to create a tool that 1) covers the tax-
onomy for technology-supported activities and 2) pro-
vides an accessible user interface such that caregivers
and clinicians without programming skills can define
services that address their care receiver’s needs. As
suggested by our taxonomy of technology-supported
activities, defining assistive services should be a staged
process, allowing the user to specify the characteristics
of the target service in a stepwise manner. To match
this requirement, our tool has been designed as a wiz-
ard, which makes explicit the decomposition of a ser-
vice definition, reducing the risk of errors [32].

We first discuss the design of our wizard. Then,
we illustrate the use of our wizard by creating an in-
door activity-supporting service, showing screenshots
of our tablet-based Android implementation.

4.1. Designing a Wizard

We examine the service characteristics that need to
be supplied by the wizard user. Then, we present the
task flow underlying our wizard. Finally, we outline a
few elements used to design the user interface of our
wizard.
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8 Caregiver Development of Activity-Supporting Services for Smart Homes

User-supplied service characteristics

Our taxonomy (Figure 2) has already made explicit
the activity characteristics that need to be supplied by
the user of our wizard to define a service. As can be
noticed, three categories of services emerge: indoor,
outdoor, home visit. We thus revisit the activity char-
acteristics by defining them for service category. Con-
sequently, indoor activities consist of an activity de-
scription, a start date and time, an end date and time,
a recurrence (optional), a sensor (optional), and an ac-
tion. A sensor is selected for a service when its acti-
vation at a given time period suggests that the activ-
ity is being performed (e.g., personal care activity can
be assumed when motion is detected in the bathroom
in the morning). Different actions can be included in a
service; they are detailed in our example below.

Outdoor activities are composed of an activity de-
scription, a date and time to start preparing, a date and
time to depart from home, a recurrence (optional), and
an action to trigger if departure is not detected. Last,
home visits consist of a description, the date and time
of a reminder, a recurrence (optional), and an action if
a preparation activity is not detected.

Task flow

Our taxonomy (Figure 2) suggests a flow of specific
information to be supplied and decisions to be taken
by the user to define a service. This task flow is shown
in Figure 3 with each step represented as a rectangle.
The first step is to choose a type of activity: indoor,
outdoor, home visit. Then, the user is prompted with
category-specific information. Every step requires the
user-supplied information to be complete before going
to the next step. Note that an indoor activity requires
a time interval within which the activity must occur.
An outdoor activity also requires a time interval to be
defined: the start time is when preparation must begin,
whereas the end time is when the user is supposed to
depart from home. In contrast, home visit does not de-
fine an interval but a time at which the visit is reminded
to the user.

User Interface

The general design of the user interface of our wiz-
ard follows the usual rules of such a tool: conforming
to the users’ mental model of the target process, en-
forcing a clear sequential order of the steps, showing
a progress status with numbered steps, allowing navi-
gation buttons to go back and forth in the process, etc.
We iterated the design of our wizard with caregivers to
ensure the activity characteristics were prompted in an
order that matched their preference. We also ensured

Choosing activity type

Filling parameters:
(description, start/end date & time,
recurrence)

Selecting a sensor

Selecting an action

Validation

Fig. 3. The task flow of our wizard

Filling parameters
(description, start/end date, preparation,
time, departure time,
departure detector,

Filling parameters:
(Description, date and time of reminder,
recurrence)

that each wizard step consisted of a self-explanatory
title and field names.

Step 1: choose a type of activity to be assisted

(GuTDooR ACTIVITIE:

Fig. 4. Step 1: Choosing the kind of activity to assist

4.2. An Example

Let us explore the details of our wizard by creating
an assistive service for doing laundry. The first step,
shown in Figure 4, allows the user to choose the in-
door activity category. Next, the user is prompted with
the parameters of the target activity to be assisted, as
shown in Figure 5: the activity description, the date
and time, and the frequency. Start/end dates and times
are selected via a calendar and a clock, respectively.
Frequency is defined via a dedicated menu.

The third step, shown in Figure 6, involves decid-
ing whether the activity needs to be monitored. To do
S0, a sensor category is first selected; there are three
categories: 1) sensors attached to electric appliances
(iron, coffee machine, washing machine, efc.) to de-
tect whether they are running; 2) contact sensors to
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Caregiver Development of Activity-Supporting Services for Smart Homes 9

Step 2 of 5: enter the indoor activity details

Activity type Details Sensos  Actions Confirmation

|add a description

Start time

End time

Fig. 5. Step 2: Indoor activity details step (description, periodicity,
frequency)

detect the opening/closing of drawers, cabinet doors,
and room/entrance doors; 3) motion sensors to detect
a presence in a room or a specific location in a room
(depending on the layout). In practice, we have added
sensors as new assistive needs were revealed by dis-
cussions with participants and six caregivers over vari-
ous durations of deployment, ranging from one month
to a year.

In the fourth step, Figure 7 shows the actions that
can be associated with an activity. The first action is
a reminder to be sent to the user, whose meaning de-
pends on the activity type. For a home visit, it corre-
sponds to a time at which the user needs to get ready.
For outdoor activities, one message is issued to inform
the user that their preparation should start. An alert is
then sent, if the user is still detected at home after the
departure time. Indoor activities can trigger an uncon-
ditional alert when the time of the activity has arrived,
or a conditional alert if the activity is monitored, as
is the case in our laundry example. When an alert is
issued, it prompts the user for one or more answers,
which acknowledge that it has been taken into account.

Note that alerts can be defined as critical or non-
critical, depending on the nature of the activity. Non-
critical notifications can be ignored by the user, whereas
critical ones will repeat the notification until the user
responds. A notification is associated to an answer, al-
lowing the service to check whether the user has re-

sponded to it. The second and third actions presented
in Figure 7 are an email or text message that can be
sent to a caregiver in case the activity has not been
performed by the user.

Last, Figure 7 shows a menu allowing the wizard
user to launch a task prompter to guide the user in per-
forming an activity. In practice, this task prompter is
launched on a tablet and takes as argument the name
of the prompting scenario to invoke.

In the last step of the wizard, shown in Figure 8, the
wizard user is presented with a summary of the activity
to be assisted.

Step 3 of 5: choose a sensor that monitor the activity

..... ity type Detals Sensors Actions Confimation

[ sensors s )
ctricl ppliance sensors
~Contoctsensors

~Motion sensors
rhere

Localisation
Iron
Vacuum cleaner

Coffee maker

Washing machine

Fig. 6. Step 3: choosing a sensor

4.3. Implementing our Wizard

Our wizard runs on Android tablets and has been
implemented in Java. Tablets allow intuitive touch-
screen interface, facilitating the usability of the wiz-
ard by caregivers. We used Android’s activity transi-
tion layout to navigate back and forth between the dif-
ferent wizard forms to be filled by the user. The An-
droid SDK provides a range of UI controls and com-
ponents to support the implementation of applications
such as wizards.

5. Executing Wizard-Defined Services

We now present the different building blocks that al-
low wizard-defined services to be executed by a smart
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10 Caregiver Development of Activity-Supporting Services for Smart Homes

Launch guidance on the tablet

0 Guidance household
0 Launch Skype

O Guidance meal

0] Preparation for the dance lesson
Guidance doing the laundry

0 Guidance musicalinstrument

Fig. 7. Step 4: choosing one or more actions for the user and their
caregiver

Step 5 of 5 overview of the activity to be assisted

oO—0 0O ©

Activty type Details Sensors Actions. Confirmation

Activity 1/4

Doing the laundry

Begin: 6/8/2018 at 8h30

End: 6/8/2018 at 10h30

Recurrence : Repeats every week on Sat
Sensor 2/4

Sensor selected: Washing machine
Actions 3/4

[Alert, Guidance]

Fig. 8. Step 4: validation step

home. Our overall system following the wizard stage
is displayed in Figure 9 taking the output of our wizard
as the starting point. First, we examine what is required
to implement our approach in a smart home. Then, we
describe how we implemented it using the HomeAssist
platform.

5.1. Smart Home Requirements

As suggested by the previous section, executing
wizard-defined services revolves around a calendar to
manage dates, times and recurrence. In fact, part of
the output of our wizard consists of standard calendar
event parameter information; this wizard output is de-
noted by the red arrow in Figure 9. Most calendar pro-

Calendar setup

Event Title Go “§Ie-
parameters Period calendar
Recurrence

Wizard

Iﬁ\ Output data Actions

AAL JSON parameters

‘calendar, emall, sms, 4
otc.

e © 0 t
‘ © - 5 — (_
N o - o Application that manage
g y T the ASS with a runtime
ssssss 0n®

Assisted living platiorm

Fig. 9. The overall system

vides an API, allowing event to be created with respect
to these parameters.

Executing a wizard-defined service still requires to
invoke a runtime component to carry out the assis-
tance of the activity, when its calendar event is trig-
gered. The assistance-specific parameters are denoted
by the green output arrow of the wizard (Figure 9) and
include information mentioned earlier, such as sensor
and notification. These parameters need to be associ-
ated with the calendar event and be passed to the run-
time component, which is in charge of performing the
required actions on the smart home, such as querying
a sensor and issuing a notification.

5.2. HomeAssist Implementation

Figure 9 presents our implementation based on
HomeAssist. As can be noticed, HomeAssist uses
Google Calendar, whose API is used by our imple-
mentation to manage events. Furthermore, the activity-
supporting service characteristics are piggybacked in
a calendar event so that the runtime component can
extract them when the event is triggered. Specifically,
Figure 10 shows the ouput of the wizard (green ar-
row) in a JSON format for the example of doing laun-
dry, in the context of our HomeAssist implementation.
Property MonitoredEvent is true when the activity is
supervised by a sensor, whose name is given by Prop-
erty Conditions. If the activity is not performed by the
user, actions to be triggered are listed in Property Ac-
tions. For example, Property Android intent contains
the package name of the prompter application, which
gets triggered to assist the user in accomplishing the
target activity. The last property defines the notification
to be issued to the user, including its title and message
(Property non-critical_notification).

o J o s W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



@ J oy U W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Caregiver Development of Activity-Supporting Services for Smart Homes 11

"monitoredEvent":true,

"conditions": {
"Emeter_Laundry":true

b

"actions": {
"android_intent": {

"packageName" :"com.apps.gk.firstthen
"

}I

"non_critical_notification": {
"id":"IdNotifier",
"title":"Turn on the washing machine

"text":"It is time to do the laundry

"
LI

"answer": [
mw Ok n
]

Fig. 10. The JSON output of the wizard

In HomeAssist, smart home applications can be de-
veloped and added to a catalog of applications avail-
able to users, in the spirit of mobile app platforms.
Applications of this catalog support three main ar-
eas: ADLs (e.g., monitoring meal preparation and self-
care), user and home safety (e.g., a light path to the
bathroom at night and monitoring the stove), and social
participation (e.g., simplified email tool and games).

We leveraged this capability by developing an ap-
plication, dedicated to carry out the assistance of all
wizard-defined services. This application subscribes to
wizard-related calendar events, extracts piggybacked
information from an event field, and provides the as-
sistive support accordingly. For example, in the case
of doing laundry, the application checks whether the
electric meter of the washing machine is on within
the time interval set for this activity. If not, it issues
a non-critical notification to the user and launches the
prompter on a dedicated tablet.

6. Evaluation
6.1. Activity coverage and execution equivalence
To evaluate our approach, we used our wizard to

define existing activity-supporting services that had
been developed manually for older adults, adults with

autism, and adults with intellectual disability. Note that
these existing services were designed and developed
using a user-centered approach, used daily in a range
of ecological environments, and user experience was
measured [7, 33].

By leveraging these existing services, we wanted
to determine whether the wizard could be used to re-
produce the development of realistic and practical ser-
vices. This work was quite useful to refine the func-
tionalities of the wizard and ensure that it offered
the features needed to cover the existing applications,
whose usefulness had already been validated by users
and caregivers. Although this first phase allowed us to
validate the coverage of the wizard in practice, it did
not address the execution of the wizard-defined ser-
vices. In particular, we still had to show that the execu-
tion of wizard-defined services was equivalent to their
manually-programmed counterparts. To do so, we de-
veloped our special-purpose application in HomeAs-
sist, which is dedicated to execute the wizard-defined
services (as explained in Section 5). After testing it, we
deployed it in the home of our participants to enable
wizard-defined services to be executed in real environ-
ments. These updated platforms allowed us to validate
that the behavior of wizard-defined services was equiv-
alent to their manually-programmed counterparts.

6.2. Usability study

Usability tests were conducted with occupational
therapists in an apartment laboratory. The goal was to
document the perspectives of occupational therapists
on the Wizard. Indeed, these clinicians are trained pro-
fessionals 1) to assess the needs of people living with
cognitive impairments and 2) to determine the types
of interventions, which can ensure their safety and in-
crease their independence with respect to specific ac-
tivities [34]. They are also able to anticipate facilita-
tors and obstacles to the facilitators and obstacles to
the implementation of new technologies, such as assis-
tive technologies for cognition [35].

6.2.1. Methods

Our usability testing approach was based on two
methods: Cognitive Walkthrough with Users, and ad-
ministration of standardized usability questionnaires.
The Cognitive Walkthrough with Users is a method
that consists of evaluating the usability of an inter-
active system by constructing different usage scenar-
ios [36]. While they interact with a system, the users
are asked to think aloud, allowing the experimenter to
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12 Caregiver Development of Activity-Supporting Services for Smart Homes

record their thoughts, feelings and opinions on differ-
ent aspects of the system being studied. Users perform
the tasks of interest after a brief presentation of the ex-
periment. The user evaluation of the design features of
a system is a key factor that determines technology ac-
ceptance and is of great importance to software design-
ers [37]. Each occupational therapist was met during a
60-minute session. First, the participants spent 5 min-
utes introducing themselves to the technology by read-
ing a document presenting the various features of the
wizard. Then, they received two clinical vignettes with
2 fictitious patients for whom they had to find solutions
using the Wizard application. During this period, sub-
jective data was collected through recording of the par-
ticipant’s voice; objective data (i.e., time spent for each
task, number of errors) was collected through record-
ing of the tablet screen.

Two usability questionnaires (System Usability
Scale (SUS) and Attrakdiff) were also administered
after the completion of the tasks by each participant.
The SUS is a 10-item questionnaire with five re-
sponse options for respondents; from Strongly agree
to Strongly disagree. It is commonly used to assess
a wide range of technologies from hardware to mo-
bile applications [38, 39]. The AttrakDiff is a 28-item
questionnaire, which assesses user experience through
3 dimensions: Pragmatic Quality (PQ), Hedonic Qual-
ity (HQ) and ATTractiveness (ATT) [40]. For both of
these questionnaires, psychometric properties such as
reliability and validity have been demonstrated.

Gender | Age Degree Years of Familiar
experience type of
software
P1 F 29 Master 3 Android
P2 F 44 PhD 17 i0S
P3 F 49 Bachelor 20 i0S
P4 F 25 Master 1 i0S
P5 F 27 Master 3 Android
Table 4
Participants

6.2.2. Results

A total of 5 occupational therapists from different
clinical settings in psychogeriatrics agreed to partic-
ipate in the study, as shown in Table 4. As reported
in the literature, 5 participants can lead to the identi-
fication of approximately 80% of the usability prob-
lems [41].

Qualitative data Subjective data about participants’
thoughts, feelings and opinions reveal good usability
potential of our wizard, with some suggestions for im-
provement. One suggestion is related to the way the
wizard is supplied information to schedule an activ-
ity. Specifically, all our participants found it difficult
to program a recurring activity (e.g., from Monday to
Friday). One participant suggested: “It would be more
intuitive to specify that an activity is recurring while
setting its date and time than to do it in two phases .”

Another participant further suggested: “It would be
nice to have access to a small calendar that gives ac-
cess to all configured reminders because it is easily
forgotten”.

In relation to the way users can configure alerts, par-
ticipants suggested that an option to make them repeat
should be offered since some care receivers may need
to receive an alert more than once to ensure appropri-
ate actions are taken. Participants also were uncertain
about how to fill the parameters of the alert menu (Fig-
ure 7). One participant said:

“It’s not obvious to understand what message to put
in the alert menu. .. In particular, It’s not clear how to
fill ‘Answers’; it should show answers by default or
be more explicit. .. ”. In fact, this field was introduced
at the end of our design process and its understanding
was not properly tested with users prior to our study.
Since then, it has been changed to take these comments
into account.

Another issue noted by the 5 participants was about
the sensor options, offered to monitor an activity (Step
3 of the Wizard — See Figure 6). Most participants
found it too restrictive to use only one sensor for
monitoring indoor activities. Indeed, the unique sen-
sor may be activated, and yet, the activity may not
be properly completed. For example, one participant
suggested that a care receiver may open and close the
washing machine door, without loading the laundry,
putting the soap, or launching the washing machine.
Yet, since the contact sensor of the door was activated,
the activity could wronly be considered as completed.
A participant suggested:

“It would be interesting to have the possibility to
add several sensors to detect an activity. For example,
a contact sensor for monitoring the washing machine
door and an electric sensor for finding out whether it
runs”

Participants also gave suggestions to improve the
process of defining services. For example, one par-
ticipant suggested to use speech recognition to im-
prove efficiency, as most clinicians have time con-
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Caregiver Development of Activity-Supporting Services for Smart Homes 13

straints. Another participant suggested to add a fourth
type of activity, named “preparation/organizer”; a pro-
grammed alert and/or launch of the task prompter
would assist the care receiver to organize and prepare
their upcoming activities.

8

6

4 B
B

0 Tlk T I

0

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6
[ Participant 1 Participant 2 Participant 3
Participant 4 Participant 5 Mean

Fig. 11. Time (mins) to achieve tasks 1 to 6 for each participant (n =
5)
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4

3

2 i X

0 | | I | | I I |

Task 1 Task2  Task3  Task4 Task5  Task6
W Participant 1 ¥ Participant 2 Participant 3
Participant 4 W& Participant 5 Mean

Fig. 12. Amount of errors per participant for tasks 1 to 6

Quantitative data They were collected while the par-
ticipants completed their tasks using our wizard; their
analysis reveals promising findings. Specifically, as
shown in Figure 11, the average time to complete each
task decreased as the participants became more famil-
iar with the application. The number of errors per task
also decreased, as shown in Figure 12. This trend does
not apply to the fourth task, for which all the partici-
pants experienced difficulties to select the days of the
week for which an activity needed to be scheduled, as
discussed earlier. These results suggest that with time
and practice, the application becomes easier to use.
Finally, the data collected from the usability ques-
tionnaires suggest good usability properties. In partic-

ular, Figure 13 shows that the average score of the par-
ticipants’ answers to the Attrakdiff items are positive,
except for 3 of them: creativity, practical aspect and
human aspect. For the SUS, participants’ responses
were generally similar for each question, as shown in
Figure 14.! The only negatives scores matched the is-
sues discussed during the recording of the participants,
as mentioned above.

One direction to improve the practical and human
aspects of the wizard is to provide caregivers with pre-
selected options when they fill in the parameters of a
new service; this strategy should facilitate the creation
process. To enhance the creative aspect of the wizard,
one direction is to follow a participant’s suggestion:
adding a fourth type of activity, namely preparation,
which enables an alert to be programmed and/or a task
prompter to be launched. This type of services would
assist the care receiver in organizing and preparing an
upcoming activity, extending the scope of the wizard.

7. Conclusion and Future Work

We have characterized an area of home activities
that is needed for independent living and can be sup-
ported by smart homes. To address this area, we have
introduced a wizard-based approach toward empower-
ing caregivers to develop activity-supporting services,
leveraging smart home functionalities. As such, our
approach allows the expertise of caregivers to be di-
rectly applied to defining assistive support for an in-
dividual they care for. We showed how the informa-
tion gathered by the wizard can be interfaced with a
smart home, to carry out the activity-supporting ser-
vice. We evaluated wizard-defined services by com-
paring them to manually-programmed services and en-
suring that they both had the same behavior. In par-
ticular, this evaluation was done by deploying wizard-
defined services in the home of participants. We also
conducted a usability study of our wizard with profes-
sionals. The study showed a good usability potential
and an ease of use.

In the future, we plan to extend the kind of sensors
that can be used in the wizard to detect richer activ-
ity contexts than those defined by a unique sensor. In
particular, we would like to introduce a high-level no-
tion of sensors that would allow caregivers to exploit

IThe horizontal axis of Figure 14 displays the number of partic-
ipants for each response. E.g., for Question 1, one participant dis-
agreed and four agreed.
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Fig. 13. Participant Outcomes (n = 5) to the ATTRAKDIFF Questionnaire

activities involving a set of sensor activations, activa-
tion durations, efc. In fact, we already introduced this
kind of sensors with our departure detector. In prac-
tice, not only does this detector monitors the entrance
door, but it also checks that there is no motion at home
for a while before declaring that the user has departed.
For another example, consider a routine for going to
bed that may involve motion in the bathroom, followed
by motion in the bedroom. Needs for such high-level
sensors are naturally and promptly expressed by care-
givers, as reported by our study, as they discover the
potentials of technology to support independent living
of individuals they care for. These high-level sensors,
as well simple ones, should be made available in the
wizard increasing the coverage of activity-supporting
services.

Another direction for future work is to implement
our approach on another smart home platform. This is

important to assess the applicability of our approach to
a range of smart homes.
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