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Abstract

The aging population is growing dramatically in recent years. Enabling the older adults to live
independently at home as long as possible will ensure a sustainable aged society. However, older
adults often lead to sedentary lifestyles due to physical limitations and functional decline, which
consequently increases health risks and leads to reduction in life quality.

In this thesis, a prototype home based system aimed to reduce sedentary behavior was developed.
Sedentary behavior is monitored by identifying individual positions within the field of view of a
Microsoft Kinect sensor. Standing, sitting and laying down positions were identified using a custom
designed algorithm. By identifying the different positions, the number of transitions into a standing
position is also tracked. The physical activity of the older adult when outside the field of view of the
Microsoft Kinect sensor, is monitored by counting the number of steps using a Fitbit Charge HR
watch, which the older adult is equipped with. A combined measure presents the daily activity
level. According to the activity level, the system provides appropriate feedback to the older adult.

A user interface was developed to interact with the older adult. The user interface is automatically
operated and includes several modules. It displays the activity level, and provides feedbacks, alerts
and reminders. Feedback providing a summary of the user’s daily activity is displayed at the end of
each day. An exercise reminder appears and a prolonged sitting time reminder is displayed, if the
user is in a sedentary state.

Focus group, system testing, interviews and observations were conducted to examine the
integrated system and to provide recommendations for future adaptation of the system to the
target population. The focus group was familiarized with the system in an initial meeting with the
target population. The meeting was followed by a group discussion aimed to obtain information
about the lifestyle of the target population, their preferences and opinions on the system. Then,
system testing procedures were implemented to examine the performance and operation of the
system. System testing included experiments to evaluate the positions identification algorithm and
the system operation. Finally, observations and interviews were conducted. The goal here was to
evaluate the users’ experience with the system, as well as to compare different types of feedbacks
and alerts. Based on the analyses of the focus group, system testing, interviews and observations,
the feasibility of the proposed SIT LESS system was proven. Comments, recommendations and

additional ideas for improving the SIT LESS system in future research were obtained.
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Lifestyle; Intelligent User Interface
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1. Introduction

1.1 Problem Description

The twentieth century has undergone a dramatic growth in the aging population and in almost
every country the proportion of people aged 60 or over, grew faster than any other age group
(Bogue, 2013). According to estimates, by 2025, people over 60 worldwide will be 1.2 billion, and by
2050 they will reach 2 billion (Maggiorini et al., 2012). Furthermore, it is estimated that in the year
2050, there would be three times more people over the age 85 than there are today (Fasola and
Matari¢, 2010). As the world’s population is growing older, a wide array of new challenges are
arising (Tapus et al., 2007). These challenges impact deeply on several areas, such as healthcare,
pensions, housing, community care, among which, one of the most afflicted is the long-term socio-
medical assistance (Maggiorini et al., 2012). A significant portion of the ageing population is
expected to need physical and cognitive assistance (Tapus et al., 2007). The challenge is that in
parallel with this growing older population, there is a decline in the number of people to care for
them, in part reflecting the generally low salaries commanded by care workers (Bogue, 2013).
Space and staff shortages at nursing homes and other care facilities are already an issue (Tapus et
al., 2007). Another challenge is the availability of transportation for the patient to get to the
rehabilitation clinic, the amount of time and help their relatives and friends can provide to help in
their commuting, economic situation and insurance policies can all limit a patient’s rehabilitation
(Pastor et al., 2012). In addition, children today tend to live farther away from their parents, and
can no longer provide the care and support their parents need (Flandorfer, 2012). Nursing homes
can be a solution for long-term treatment for the older adults, but have several disadvantages.
Admission to a nursing home facility is rarely a stress free period and the transition into a nursing
home has been associated with distress, depression and emotional problems for patients and their
families as well as early mortality (Robinson et al., 2014). Also, more people prefer to live in their
own homes as long as possible instead of being institutionalized in sheltered homes, or nursery
homes when problems related to ageing appear (Broekens et al., 2009). Finally, the high cost of
long-term care for the older adults is not an issue that can be ignored, and contributes to a
tremendous financial burden for the family members and the public health service (Aurilla and

Arntzen, 2011).



Physical activity and sedentary lifestyle

Physical and mental declines with age are unavoidable (Salguero et al., 2011; McMurdo and Rennie,
1993). Physical activity is important to maintain physical fitness of the body and also for mental
health (Taraldsen et al., 2012; Chodzko-Zajko, 2014). Furthermore, physical activity is directly
correlated to improvements in mortality, morbidity, and disability (Landi et al., 2007; Gorman et al.,
2014).

Older adults often lead sedentary lifestyles and decreased activity affects life expectancy for the
worse (Gerling et al., 2012). The term ‘sedentary’ comes from the Latin ‘sedere’, and its meaning is
to sit (Wilmot et al., 2012). The term 'sedentary behavior' is defined as activities that produce little
or no energy expenditure and involve any sitting, reclining, or laying down behavior and are
associated with adverse health outcomes (Gorman et al., 2014; Healy et al., 2015; Wilmot et al.,
2012). Prolonged sitting and physical inactivity is a health risk, and harmful to the health of older
adults (Bennie et al., 2013; Taraldsen et al., 2012). It is associated with an increased risk of diabetes,
obesity, cardiovascular disease and cardiovascular, and mortality (Bennie et al., 2013; Healy et al.,
2015; Rosenberg et al., 2015; Salguero et al., 2011; Thorp et al., 2011; Wilmot et al., 2012). Regular
physical activity and common daily activities like standing and walking that can replace sitting, yield

health benefits for older adults (Healy et al., 2015; Nied and Franklin, 2002).

Technologies for older adults

Older adults need functional and social support due to their declining capabilities and also due to
age-related illnesses (Torta et al.,, 2012). Applications enabling older people to continue living in
their own homes have several benefits in terms of cost effectively meeting the needs of older
people and delaying nursing home admission. By developing technologies to help older people
retain their independence, older people may be happier and healthier in their old age provided
their needs are met (Robinson et al., 2014). Assistive technologies for older adults can help society
and the individual to overcome difficulties, in addition to assisting in promoting the economy
(Flandorfer, 2012).

According to experts, assistive technologies nowadays permit older persons to live independently in
their homes for longer periods of time (Flandorfer, 2012). Technological support ranges from smart
homes, pro- active service systems, and household robots to robot- assisted therapy and socially
assistive robots (Flandorfer, 2012). Technological capabilities are varied, and include for example

technologies that detect falls, test the blood pressure, recognize severe breathing or heart



problems, cooperate with people through bidirectional communication, and provide personal
assistance (Flandorfer, 2012).

Robotic systems may assist older adults in maintaining their independence, reducing healthcare
needs, providing everyday assistance, and promoting social interaction (Beer and Takayama, 2011).
More and more robotic applications have been developed that can provide assistance to people in
general and to the older people in particular (Table 1). This assistance can be roughly divided into
social and functional support. Functional support can come in the form of a proactive interface,
which reminds or instructs people about a specific task (Torta et al., 2012). Robots can also provide
forms of mobility aids such as intelligent walkers, wheel chairs, or exoskeletons. Social support
typically aims at reducing social isolation and enhancing well-being (Torta et al., 2012).

Research has shown that playing games can have positive effects on the emotional and physical
well-being of elderly persons, and can motivate them to maintain a basic level of activity (Gerling et
al., 2012). Video games offer the opportunity of motivating institutionalized older adults to become
more active. Recently, there has been an increase in motion-controlled video games, which can
engage users in physical activity (Gerling et al., 2012). The demand for technologically advanced
methods of elderly care, which can be accessed at any time and used in a private, home-based
setting while still providing rehabilitation instructions and progress tracking, is expected to expand
(Webster and Celik, 2014).

Recent studies suggest that, contrary to expectations, older adults tend to show positive attitudes
toward existing technology in the home (Torta et al.,, 2012). Elderly people often experience
reduced mobility within the home and high levels of stress and anxiety; therefore the correct choice
of interfaces between the assisting environment and the user is of high importance (Torta et al.,

2012).

Prototype design

A prototype is a real, working, and usable system developed quickly with the intention of being
modified (Cerveny et al., 1986). The purpose of the prototype is to realize the detailed concept of
design and facilitate interaction (Cerveny et al., 1986; Somiya, 2013). Prototyping is often used as
part of the product design process, to explore alternatives, test theories and confirm performance
prior to starting production of new product (Somiya, 2013). Prototyping has been widely acclaimed
as an effective approach to requirements definition and systems development (Guimaraes and
Saraph, 1991). Prototyping is recommended especially in new systems since it requires a high

degree of interaction between end-users and the system developers, thus guaranteeing a high
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degree of user participation (Guimaraes and Saraph, 1991). The interaction is critical for successful

system development and implementation (Guimaraes and Saraph, 1991).

There are several categories of prototypes (Somiya, 2013):

1. Proof-of-Principle — to explore the intended design without providing an exact visual match.

2. Form Study — to explore the size and appearance, but not the functionality, of the intended
design.

3. User Experience — captures enough aspects of the intended design, to invites active human
interaction and is primarily used to support user-focused research.

4. Visual — captures the intended design esthetic and appearance, color and surface textures of
the intended product, but not the functionality of the intended design.

5. Functional — attempts to simulate the final design, esthetics, materials and functional of the

intended design.

Mixed methods in research

The use of mixed methods in social science research is common and part of what is known as
“triangulation" (Denzin, 1969; Jick, 1979; Olsen, 2004). Triangulation is defined as the mixing of
data or methods so that diverse viewpoints or standpoints cast light upon a topic (Olsen, 2004).
This strategy of the triangulation assumes that each method has limitations, and if several different
methods are combined in the same study, the limitations of one strengthens the other (Denzin,

1969).

SIT LESS System

The purpose of this study is to lay the foundations of a system aimed to reduce sedentary
conditions throughout the day leading to a sustainable change from a sedentary to a less-sedentary
lifestyle. The long-term objective is to develop a home based system that will monitor sedentary
behavior and habitual physical activities in the senior’s natural environment and accordingly
provide appropriate feedback to the older adult and tasks to be accomplished in a playful manner,

along with educational content on the dangers of sedentary behavior.



1.2 Objectives
The aim of this research was to propose a concept for a SIT LESS system, realized the detailed
concept of design and facilitated interaction. System testing was performed to prove the principles,
and evaluated basic user experiences and functionalities. The specific objectives are to:
1. Define quantitative performance indicators to measure the daily activities and sedentary
behavior of an older adult.
2. Explore if and how to present feedback to the older adult including its type and timing.
3. Develop a prototype operational system and evaluate the prototype system through a
mixed methods approach with target populations in order to receive recommendations for

future development.



2. Literature Review

2.1 Physical Activity and Sedentary Behavior

Ageing is related with chronic diseases, disability, cognitive decline, and body changes (Schuit,
2006). This includes a reduction in lean body mass and increase in body fat mass as a result of
losses in skeletal muscle mass (Schuit, 2006). With age some of physical and mental declines are
unavoidable, but it is important to indicate that the rate of loss of muscle strength partly can be
inverted by physical activity (Salguero et al., 2011; McMurdo and Rennie, 1993). Physical activity is
defined as "any bodily movement produced by the skeletal muscle that results in energy
expenditure (Caspersen et al., 1985). It has been shown that some forms of training in old age can
make a major contribution to quality of life. Regardless whether older adults trained in youth,
physical activity has effects on physical capacity (McMurdo and Rennie, 1993).

As we age, physical activity is important to maintain physical fitness of the body and also for mental
health (Taraldsen et al., 2012; Chodzko-Zajko, 2014). Physical activity contributes to healthy aging,
is directly correlated to improvements in mortality, morbidity, and disability (Landi et al., 2007;
Gorman et al., 2014). Almost all older adults can benefit from additional physical activity (Nied and
Franklin, 2002). It is recommended that physical activity will combine aerobic exercise, strength
training, and balance and flexibility (Nied and Franklin, 2002). Interventions to perform physical
activity are promoting health and well-being, preventing falls, and functional loss, as well as in most
rehabilitation programs for older adults (Taraldsen et al., 2012). Following all these, physical activity
has been recognized as a priority field in general health promotion, and also a specific goal for the
individuals’ health (Salguero et al., 2011).

The term ‘sedentary’ comes from the Latin ‘sedere’, and its meaning is to sit (Wilmot et al., 2012).
The term 'sedentary behavior' is defined as activities that produce little or no energy expenditure
and involve any waking sitting, reclining, or laying down behavior and are associated with adverse
health outcomes (Gorman et al., 2014; Healy et al., 2015; Wilmot et al., 2012). This definition fits
with the commonly cited technical definition of sedentary behavior that includes activities that are
low in energy spending, less than 1.5 metabolic equivalent units (Gorman et al., 2014; Wilmot et al.,
2012). The opportunities for sedentary behavior in modern society are ubiquitous (Wilmot et al.,
2012). Watching television (TV), sitting in a car or using the computer, are examples for highly
prevalent in the context of societal technological advances (Healy et al., 2015; Wilmot et al., 2012).
Sedentary behavior is increasingly recognized as an independent determinant of health (Gorman et

al., 2014), and as a serious public health concern (Salguero et al., 2011).



Prolonged sitting and physical inactivity is a health risk, and harmful to the health and functioning
of older adults (Bennie et al., 2013; Taraldsen et al., 2012). Research has indicated that older adults
spend 50-70% of the day in sedentary behavior (Healy et al., 2015; Wilmot et al., 2012). High levels
of sedentary time is associated with an increased risk of diabetes, obesity, cardiovascular disease
and cardiovascular, and mortality as a result all above (Bennie et al., 2013; Healy et al., 2015;
Rosenberg et al., 2015; Salguero et al., 2011; Thorp et al., 2011; Wilmot et al., 2012).

In contrast, older adults that are physically active, maintain healthy functioning longer than do
sedentary (Salguero et al., 2011). Regular physical activity and common daily activities like standing
and walking that can replace sitting, gives health benefits for older adults, in addition, it is
important to understand those relative benefits (Healy et al., 2015; Nied and Franklin, 2002).
Physical activity advantages including prevent many chronic diseases, diabetes, heart disease and
osteoporosis (Chodzko-Zajko, 2014; Nied and Franklin, 2002; Schuit, 2006). Moreover,
improvements in blood pressure, lipid profile, osteoarthritis, heart muscle strengthens, lung
function, neurocognitive function and bone strength that provides better support and posture for
the body which reduces the potential for injury (Chodzko-Zajko, 2014; Nied and Franklin, 2002). In
connection to potential for injury, it is important to note that one of the concerns associated with
older adults is the increased risk of falls (Chodzko-Zajko, 2014).

Despite the risk of sedentary behavior and the benefits of physical activity, there is a lack of
research in the field relating to the aging population. In addition, there is a lack of definition of
types and patterns of physical activities, and the particular dosage needed to prevent functional
decline (Bennie et al., 2013; Taraldsen et al., 2012). Self-report questionnaires are commonly used
to assess physical activity and sedentary time, however, they can be influenced by recall bias and
socially desirable responses (Gorman et al., 2014). There is a need in studies assessing sitting time
to provide a clearer understanding of the impact of sedentary time on health outcomes (Bennie et
al., 2013; Taraldsen et al., 2012; Thorp et al., 2011).

The health risks of sedentary behavior, causes a sharp rise in the need for medical and social
services and associated costs are high (Bravata et al., 2007; Schuit, 2006). For example, if 10% of
adults in the United States began a regular walking program, an estimated $5.6 billion in heart
disease costs could be saved (Bravata et al., 2007). Unfortunately, little is known about how best to

change sedentary behavior in older adults (Wilmot et al., 2012).



2.1.1 Physical Activity Guidelines

In recent years, physical activity guidelines increasingly provided for older adults population (Colley
et al., 2011; Elsawy and Higgins, 2010; Gorman et al., 2014). For any amount of physical activity
there are health benefits, for instance functional ability, mortality, falls, mental and cognitive
health, and the prevention and treatment of many chronic conditions, including maintenance of
good physical and cognitive function (Elsawy and Higgins, 2010; Gorman et al., 2014). It is
recommended that physical activity will incorporate a wide range of activities, including moderate
fitness activities, strength activities, flexibility activities, balancing activities (Brown et al., 2008).

To promote and maintain health, and for substantial health benefits, older adults should be active
daily (Canadian Society for Exercise Physiology, 2012). A basic guideline for older adults that are
mentioned quite often in literature recommend to accumulate not less than 30 minutes of
moderate intensity physical activity, most days of the week, and at least 5 days a week (Bravata et
al., 2007; Brown et al., 2008; Elsawy and Higgins, 2010; Gorman et al., 2014). Alternatively, another
guideline with a similar definition, recommends that at least 150 minutes of moderate intensity
aerobic activity per week, in bouts of 10 minutes or more (Canadian Society for Exercise Physiology,
2012; Elsawy and Higgins, 2010; Gorman et al., 2014). Furthermore, it is also recommended to
perform muscle and bone strengthening activities at least twice a week. To improve muscle
strength, in order to promote and maintain health and physical independence (Canadian Society for
Exercise Physiology, 2012; Elsawy and Higgins, 2010). Additionally, in order to improve balance and
co-ordination, and thereby to reduce the risk of falls and related injuries, it is advisable to perform
exercises that maintain or improved balance, at least two days a week (Canadian Society for
Exercise Physiology, 2012; Elsawy and Higgins, 2010).

Walking is associated with healthful benefits for older adults (Tudor-locke et al., 2011).
Nevertheless, there are no public health guidelines of how many steps/day needed for older adults.
Therefore, Tudor-locke et al. (2011) conducted translate public health recommendations in terms
of steps/day. The guideline that recommended to accumulate 30 minutes of daily moderate to
vigorous physical activity for healthy older adults, is equivalent to taking approximately 7,000-
10,000 steps/day, at least 3,000 of which should be accumulated at a brisk pace (Figure 1) (Tudor-
locke et al., 2011).
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Figure 1 - Steps/day scale schematic linked to time spent in MVPA (Tudor-locke et al., 2011)

In conclusion, all older adults should minimize the amount of time spent being sedentary for
prolonged periods (Elsawy and Higgins, 2010). Moreover, some physical activity is better than none,
and more physical activity provides greater health benefits, and higher levels of fitness (Canadian
Society for Exercise Physiology, 2012; Elsawy and Higgins, 2010). Generally healthy older adults

without chronic health conditions do not need to consult with a physician before starting physical
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Additional benefits can come from adding in vigorous intensity activity



2.1.2 Sedentary Behavior Guidelines

As aforementioned, sedentary behavior is associated with health and increased mortality risk for
older adults. In addition, prolonged sitting time is related to negative metabolic consequences
(Barreira et al., 2015; Healy et al.,, 2008; Owen et al., 2010). It is important to distinct between
prolonged sitting and physical activity (Owen et al., 2010); individuals can be both sedentary and
physically active. For example, older adults can do physical activity according to public-health
guidelines, but still sit all day long (Owen et al., 2010). Further to, it is important to note not only
the total time of a sitting, but also the cumulative time (Chastin et al., 2015; Healy et al., 2008).
Recently, breaks in sedentary time are beneficially associated with metabolic effects, waist
circumference, body mass index, triglycerides, and 2-h plasma glucose (Barreira et al., 2015; Chastin
et al., 2015; Healy et al., 2008; Owen et al., 2010).

Consequently, guidelines for sedentary behaviors began to appear (Chastin et al., 2015; Jakicic,
2015). Sedentary behavior guidelines are recommendations to reduce the amount of time spent on
sedentary behavior, to improve health-related outcomes (Canadian Society for Exercise Physiology,
2012; Jakicic, 2015).

However, further research is needed, for the reason that there is no certainty about the health
consequences and how many breaks are enough (Chastin et al., 2015; Healy et al., 2008; Owen et
al.,, 2010). Maybe in the future, guidelines for reducing sitting time will be an integral part of the
guidelines for physical activity (Chastin et al., 2015; Healy et al., 2008; Jakicic, 2015; Owen et al.,
2010).

2.2 Technologies for Older Adults

These days, technologies are developing rapidly (Broekens et al., 2009). In addition, in recent years
the aging population technologies, particularly a technologies to promote physical activity for the
aging population was studied and the demand for them is growing (Broekens et al., 2009; Webster
and Celik, 2014). Technology solutions are potentially playing an important role in helping the older
adults' population (Broekens et al., 2009) as they can be accessed at any time and used by them
privately (Webster and Celik, 2014). Current available technologies (Table 1) include exercise games
(Larsen et al., 2013), social and assistive robotics (Kachouie et al., 2014), rehabilitation (Webster

and Celik, 2014) and e-health interventions (Watkins and Xie, 2014).
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Table 1 — Technologies for older adults

Activity Monitoring &

Technology Description & Purpose Category Interaction Modality User Feedback Reference
Performance Measure
A robotic dog to treat loneliness in older | Social; Animal- It uses its lllume-Face to - - (Banks et al.,
adults' patients living in long-term care | assisted therapy; |communicate when it detects 2008;

AIBO facilities. Can see, hear, and understand | Robotics toys, someone’s hand, voice Bemelmans
commands. It has the ability to learn, to commands, or face and voice. etal, 2012)
adapt to its environment, and to express
emotion.

A metal dance pad connected to a Exercise Game Visual screen display. The game provide to the |Electronic sensors in the |(Pichierri et
desktop computer using USB. The video users real-time visual dance pad detected al., 2012)
game projected on a white wall. In feedback. position and timing
) addition, a scrolling display of arrows information. In addition,
Dance video .

game moving upwards across the screen cued use for control
each move, and the users need to progression of
execute the indicated steps (forward, performance through
backward, right, or left). When different the beats per minute
songs play. and the difficulty level.

Aim to support LTC in-house medical Rehabilitation; Video and audio - allow Sequence of skeleton Multiple Kinect devices |(Maggiorini et
protocol by allowing remote interaction |Exercise Game remote interaction between | position is display on the |that monitor users' al., 2012)
with the older adult to assign exercise older adult and caretaker. screen. If the skeleton is | status. For example, if
Distributed |games, verify progresses in mobility, too off the required asset, | the elder falls and
software and monitor health/environmental the skeleton drawn in red | cannot get up, does not

architecture

parameters.

in order to provide
immediate visual
feedback and an alarm
raised on the screen.

wake up in the morning.
Additionally, an alert can
be raised in real-time.

Embodied
Conversational
Agent - ECA

A computer-based physical activity
program with a pedometer control
condition in sedentary older adults.

Exercise; Health

Portable tablet computers
with touch screens. Animated
computer characters that
simulate face-to-face
conversation using voice,
hand gesture, gaze cues, and
other nonverbal behavior.

The virtual coach provide
positive reinforcement if
warranted.

Measured the number of
daily steps, using a
digital pedometer.

(Bickmore et
al., 2013)
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Table 1 — Continuation - Technologies for older adults

Flowie

A persuasive virtual coach that
encourages seniors to walk more.

Exercise; Health

Graphical user interface with
touch.

A flower image shown in the
general overview gives high-
level feedback on the
activity level in relation to
the step goal.

Pedometer - measuring
the activity levels.
A set of pre-established
goals (step goals).

(Albaina et
al., 2009)

HealthBot

A socially assistive robot designed for
older people. It consists of a rotatable
touch screen, microphones, ultrasonic
sensors, bumper sensors, and a laser
range finder. Seven service application
modules - vital signs measurement,
medication reminding, brain fitness
games, falls detection, entertainment,
brain fitness, and telephone calling.

Health; Robotics

The robot responded to

participants with synthesized
speech, visual output on the
screen and with movements.

Falls detection, vital
signs measurement and
brain fitness.

(Jayawardena
etal., 2012)

HOBBIT

Home care robot support older adults
at home by monitoring their health
status, mediating social
communication, or assisting in fetch-
and-carry tasks. Aim to enable older
adults stay longer in their homes and
increase the acceptance towards the
robot.

Health; Social;
Mutual Care

Speech, text-to- speech,
gesture, and a graphical user
interface with touch.

None. However, there is
feedback from the user to
the robot (mutual care).

Gesture and gesture
recognition to create
interaction between
the user and the robot.

(Lammer et
al., 2014)

iCat

A desktop user-interface robot with
mechanically rendered facial
expressions. Additionally, it can
recognize objects and faces, recognize
speech and sound. iCat is a
commercially available and research
platform.

Social; Robotics

Facial expressions and speech.

Lights and music.

(van Breemen
et al., 2005)

Interactive
Computer
Game Exercise

A dynamic balance exercises coupled
with video game play, using a center-
of-pressure position signal as the
computer mouse. The interactive
gaming system, including the pressure
mat and interface and the laptop
computer.

Exercise Game

Visual display and audio.

Positive reinforcement
provided to both participant
and therapist via a sound
that played when an object
caught or the balloon burst,
and a display showed
success rates.

Recordings of the raw
foot pressure signals.

(Szturm et al.,
2011)
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Table 1 — Continuation - Technologies for older adults

A communication or mental health Social; Mental Gestures NeCoRo stretches its body | Tactile detection using | (Libin and
robot. Sophisticated robot with an health; Robotics and paws, moves its tail, tactile sensors. Libin, 2003)
artificial intelligence system and opens and closes its eyes,
NeCoRo multiple built-in sensors, an artificial meows, and cuddles when
cat provokes playful communication being touched.
and highly emotional responses from
humans by mimicking a real cat’s
reactions.
A mobile robotic guide for elderly Health; Robotics |Speech and touch-sensitive Guiding through Monitoring and detects | (Montemerlo
people in various settings and aims to graphical displays. environments, alerting and | people. etal., 2002)
replace the nurse. This robot could monitoring the user’s
provide many services for elderly progress.
people, like informing them of an
upcoming event or appointment,
Nursebot guiding through their environments,
alerting, monitoring the person’s
progress and adjusting the robot’s
velocity and path accordingly,
information to the person upon
request, weather reports, TV
schedules, etc.
A therapy seal robot for older adults. Social; Therapy; |Facial expressions, sight, Provide facial expressions Tactile detection using |(Wada and
Its surface covered with pure white fur. | Robotics gestures, speech and tactile and gestures, depending on | tactile sensors. Shibata,
Tactile sensors inserted in the surface sense. the person and what is 2007)
Paro of the robot's body and the fur to happening in the
create a soft, natural feel and to permit environment.
the measurement of human contact
with the robot.
A socially assistive robot exercise coach | Exercise; Health; |Speech (text-to- speech), facial | The robot provide active Monitor user (Fasola and
for the older adults. Aims to monitor, |Robotics expressions, gesture and feedback and guidance in performance by vision | Matari¢,
instruct, evaluate, and encourage users wireless remote control device. | real, during the exercise algorithm that 2013)
Robot Exercise |to perform simple physical exercise of routines. recognizes the user’s
Coach the older adults' population. arm gestures in real
time, using USB
camera. Also has facial
expressions.
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Table 1 — Continuation - Technologies for older adults

A robotic fitness coach that learns a set | Exercise; Health; | Verbal and gestures. The robot monitors the The robot monitoring (Gorer et al.,
of physical exercises from a Robotics subject during the the older adult subject |2013)
Robotic Fitness | professional trainer, and assists elderly exhibition of the motion with an RGB-D camera.
Coach subjects in performing these gestures. and gives vocal feedback on
the success of the imitation
of gesture.
An autonomous assistive mobile robot | Rehabilitation; Speech 3 types of feedback: Motion capture - (Matarié et
that aids stroke patient rehabilitation | Social 1. Only through sound monitoring limb al., 2007)
Socially by providing monitoring, effects. movement using

assistive robot
for post-stroke
rehabilitation

encouragement, guidance and
reminders.

2. Synthesized voice.
3. Pre-recorded human
voice.

Components worn on
the limb. The
information sent
wirelessly and analyzed
in real time by robot.

Upper Limb | Low-cost system including computer Rehabilitation Graphical user interface of the |Scoring for user successin | Motion capture using | (Pastor et al.,
Rehabilitation |game for rehabilitation of the impaired game and gesture. game. the Kinect sensor. 2012)
System upper limb for stroke survivors.
The Nintendo Wii Fit console is an Exercise Game Visual screen display. Wii Fit provides the All exercises performed | (Franco et al.,
interactive video exercise game that participant with immediate |on the Wii Balance 2012;
proposes tests, games and exercises feedback about the Board, which has Toulotte et
Wii Fit that involve all body parts. Aims to movements of the body’s pressure sensors that | al., 2012)

improve balance in the elderly.

center of gravity, a key
measure of balance control.

can measure a user’s
center of gravity and
weight.
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2.3 Activity Monitoring Devices

Identifying the kind of activity a given individual is performing (e.g., sitting, walking, standing,
laying) is an important issue when monitoring older people (Bathrinarayanan and Fosty, 2013;
Sebestyen et al., 2014). Motivators for development of new technologies and research to monitor
physical activity for the aging population aim, in general, to promote health policies and well-being
(Silva and Galeazzo, 2013). In particular, the technologies may allow individuals to evaluate
objectively the level and the type of physical activity they are involved in, and support their will to
improve lifestyle (Andre and Wolf, 2007; Sebestyen et al., 2012; Silva and Galeazzo, 2013).

The technology allows to measure the time spent in both physical and sedentary activities, and it is
important for several reasons (Gorman et al., 2014; Silva and Galeazzo, 2013). First, it enables to
explore their effects on health outcomes. Second, it allows appropriate intervention. Last,
examining the effectiveness of the intervention aims to increase physical activity and reduce sitting
time (Gorman et al., 2014).

Several different techniques and technologies (Table 2) are available for measurement and
assessment of a variety of activities (Andre and Wolf, 2007; Silva and Galeazzo, 2013), such as:
sitting, standing, walking, running and undefined activity (Sebestyen et al., 2014). The technologies
range from expensive and objective to simple and subjective measures (Andre and Wolf, 2007; Silva
and Galeazzo, 2013). The different technologies offer varying levels of accuracy, comfort, and
reliability (Andre and Wolf, 2007). In between are techniques such as indirect calorimetry,
pedometers, accelerometers, devices measuring heart rate (HR), intelligent phones, video,
multifunctional watches and multi-sensor devices (Andre and Wolf, 2007; Bathrinarayanan and
Fosty, 2013; Bruin et al., 2008; Sebestyen et al., 2012, 2014; Silva and Galeazzo, 2013).

There are many algorithms that use the Kinect sensor for human activity recognition detection
(Aggarwal and Xia, 2014) and human body positions recognition (Le et al., 2013). The algorithms
have been developed for different purposes, supporting specific systems (Ejupi et al., 2015), or for
examining the Kinect sensor performance (Galna et al., 2014; Xu and McGorry, 2015). Most
algorithms are tailor designed to fit a specific system and hence have have been emperically

developed to identify specific features (Le et al., 2013).
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Table 2 - Activity monitoring devices

Device Description Wearable Advantages Disadvantages References
Accelerometer | Inertial sensors that operate by measuring acceleration along Yes e Low cost Complex (Andre and Wolf, 2007;
one or several axes. The common operation principle of e Easyto use - Take time to process |Gorman et al., 2014;
accelerometers is based on a mechanical sensing element; appropriate for use in and analyze data Yang and Hsu, 2010)
however, the acceleration can be measured electrically. The older adults Does not identify all
major function of accelerometers is that the sensor converts e Measure - intensity, activities
movements into electrical signals that are proportional to the frequency, level, Information provided
muscular force producing motion. pattern and duration is noisy
Moreover, accelerometer equations have been developed for of physical activity
specific activities (e.g., walking and running, sometimes rest) e Suitable for outdoor
and do not estimate other activities accurately (e.g., stationary
biking, elliptical trainer).
Activity Watch | Wearable device or application for monitoring, tracking and Yes e Suitable for outdoor Required across the (Altamimi et al., 2014;
record physical activity of a user throughout a day, such as e Combines several chest or the handto |Guo et al., 2013; Trost,
distance walked or run, calorie consumption, and in some cases indicators maintain good skin 2007)
heartbeat and quality of sleep. In addition, they allow goal contact (for Heart
setting that provides essential feedback that serves to increase Rate)
self-awareness that can lead to behavioral change. The activity
watch designed for use by individuals interested in fitness,
health, and weight control.
Beyond that, the device consist several different monitors
physical activity such as, Heart Rate and accelerometer.
Heart Rate Heart rate is one of the fundamental vital signs. In addition, Yes e Suitable for outdoor Not accurate - (Andre and Wolf, 2007;

under controlled laboratory conditions during dynamic
exercise, heart rate and oxygen consumption are closely related
and exhibit a linear relationship during physical exertion.
Further to, the use of heart rate as a physiological marker of
oxygen consumption is a feasible method for assessing physical
activity. However, there are several problems associated with
this method. First, has error in the assessment of physical
activity, especially in higher and lower intensities. Second, heart
rate affected by other factors like age, body size, sex, weight,
caffeine, stress, emotion, temperature, disease, etc.

especially in higher
and lower intensities
Heart rate affected by
range of factors
Required across the
chest or the hand to
maintain good skin
contact

Freedson and Miller,
2000; Trost, 2007;
Warren et al., 2010)
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Intelligent Smart phones are everywhere, which makes using them as a Yes Popular Information provided |(Buttussi and Chittaro,
Phones monitoring device more available. Intelligent phones are Ubiquitous is noisy 2010; Sebestyen et al.,
equipped with acceleration and localization sensors. 2012)

Acceleration is a useful information for determining the state or
the kind of activity. In addition, to determine the position of the
body (standing or sitting). The availability of intelligent phones,
fitness applications for mobile and map information, gives
motivation to use it as a fitness-monitoring device.

Kinect A 3D depth camera that incorporates a depth sensor, a color No Real time output Programming required | (Dutta, 2012;
camera, and a four-microphone array that provide full-body 3D Distinguish between to operate Khoshelham, 2011;
motion capture, facial recognition, and voice recognition different positions Not suitable for Oikonomidis et al., 2011;
capabilities. The sensor recognizes the user’s full body No need to put outdoor environment |Zhang, 2012)
movement. One of the applications of Kinect is Skeletal anything on the body No system itself (need
Tracking, which allows recognizing people and following their Suitable for home a computer)
actions. In addition, it can locate the joints of the tracked users environments
in space and track their movements over time. Before the Compact
Kinect, such methods require a complex and costly hardware Portable
setup, interfere with the observed scene, or both.

In general, Kinect should be acquired within 1~3 m distance to
the sensor. At larger distances, the quality of the data degraded
by the noise and low resolution of the depth measurements.

Pedometers A pedometer is a device that counts each step a person walked |Yes Small Count only the (Andre and Wolf, 2007;
per day, by measures vertical accelerations at hip or hand. Low cost number of steps Bravata et al., 2007;
Pedometer is popular tool for motivating and monitoring Simple Not accurate Bruin et al., 2008)
physical activity. Moreover, studies show that setting a step Popular Do not measure -

goal may be key motivational factor for increasing physical
activity.

Suitable for outdoor

intensity, duration, or
frequency of physical
activity

Not accurate for
activities that not
involve steps

17



2.4 HCI Guidelines for Software Design

2.4.1 Definition of Design

Surprisingly, it seems there is no generally accepted and precise definition of design as a concept
(Ralph and Wand, 2009). A clear and unambiguous definition of the design concept would be useful
for developing a cumulative tradition for research on design (Ralph and Wand, 2009). Ralph &
Wand (2007) synthesized a new definition, which views the design activity as a process, executed
by an agent, for the purpose of generating a specification of an object based on: the environment in
which the object will exist, the goals ascribed to the object, the desired structural and behavioral
properties of the object (requirements), a given set of component types (primitives), and
constraints that limit the acceptable solutions. Below is their definition of design (Ralph and Wand,
2009):

"(noun) a specification of an object, manifested by an agent, intended to accomplish goals, in a
particular environment, using a set of primitive components, satisfying a set of requirements,
subject to constraints; (verb, transitive) to create a design, in an environment (where the designer
operates)".

Additionally, the renowned 20th century designer Charles Eames (1972) described design as “a plan

for arranging elements to accomplish a particular purpose” (Auger, 2014).

2.4.2 Motivation for HCI Design for Older Adults

In the twentieth century there was a dramatic growth of the aging population (Bogue, 2013). These
demographic changes will have a significant impact on the design and development of systems for
older (Newell and Gregor, 2002). In addition, these changes will require more thoughtful design of
products, packaging, media, information technology, workplace features, transportation, and public
and private spaces to minimize hazards and better meet the needs of older adults (Farage et al.,
2012). Therefore, there is a need for guidelines that will be a practical resource to assist designers
and those in the helping professions to recognize and accommodate the needs of older people
(Farage et al., 2012).

Effective design of controls and displays in the residence and workplace used by older adults is
critical for maximizing their abilities. In reality, however, the design of these devices often fails to
account for their special needs. With good planning, most devices can be designed for use by older

adults (Denno et al., 1992).
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2.4.3 Motivation for HCI Design for Older Adults

The demographic changes will have a significant impact on the design and development of systems
for elderly people (Newell and Gregor, 2002). These changes will require more thoughtful design of
products, packaging, media, information technology, workplace features, transportation, and public
and private spaces to minimize hazards and better meet the needs of older adults (Farage et al.,
2012).

In addition, as technologies become an increasingly integral part of older adults' lives, they are
expected to enable older adults to live independently and make more efficient use of human care
services (Heerink et al., 2010; Wagner et al., 2010). As a result, it is important to understand how
older adults use technologies differently than the rest of the population (Wagner et al., 2010). In
addition, we need to understand the motivations of older adults and the process in which they
accept or reject the technology (Heerink et al., 2010).

Therefore, there is a need for guidelines that will be a practical resource to assist designers and
those in the helping professions to recognize and accommodate the needs of older people (Farage

et al., 2012).

2.4.4 Design Guidelines and Recommendations for Older Adults

Devices can be made user friendly for the older by applying good human factors design principles

and limiting the set of unique abilities required to use an interface (Denno et al., 1992).

Furthermore, equipment design that is consistent with this premise is also effective and often

preferable for people without disabilities (Farage et al., 2012).

Human factors design principles include (Denno et al., 1992):

e Use a minimized set of unique controls or keys and avoid the use of the same controls or keys
for different functions.

e Reduce the number of potential operating parameters while providing powerful functionality.
For example, use the fewest and simplest set of steps necessary to accomplish a function and
avoid unnecessary options.

e Design operating procedures to be fault tolerant. For example, allow entry of a sequence of
inputs in any order.

e Strive for standard operating procedures across dissimilar devices to promote consistency.

While there is a clear social and demographic imperative to design systems that are appropriate for

use by older people, the design methodology must be carefully considered. The design of

19



technology systems that include older people among their target users' must consider (Newell and
Gregor, 2002):

e Demographic trends.

e Changes in expectations and attitudes within society.

e Changes in legislation that have given people with disabilities rights of access to both

environments and information.

Additionally, in order to design technologies for older users several age-related requirements need
to considered: cognitive impairments, decline of existing motor skills and chronic illnesses
(Gamberini et al., 2006; Gerling et al., 2010).

In conclusion, it is important to consider all guidelines and recommendations when designing
technologies, to enable "successful aging"”, not only to cope with the difficulties but also improve

the quality of life of adults (Gamberini et al., 2006).

2.5 Feedback in HCI

Feedback plays an important role in human-computer interaction. It provides the user with
evidence of closure, thus satisfying the communication expectations that users have when engaging
in a dialogue (Pérez-Quifiones and Sibert, 1996). Humans themselves are complex systems,
therefore they require feedback from others to meet psychological and cognitive processing needs
(Kendall and Kendall, 2013). Adequate feedback is a necessary component of both human-human
and human-computer interaction (Pérez-Quifiones and Sibert, 1996). In human conversations, we
use language, gestures, and body language to inform our conversational partners that we have
heard and understood their communication. These communicative events fulfill a very important
role in a conversation; they satisfy certain communication expectations of the dialogue participant.
To understand these expectations imagine what happens when they are missing. This idea of
communication expectations, also called “psychological closure”, is a common human behavioral
characteristic that also exists when we are interacting with a computer (Pérez-Quifiones and Sibert,
1996).

Feedback also increases human confidence (Pérez-Quifiones and Sibert, 1996). When users
interface with machines, they still need feedback about how their work is progressing (Pérez-
Quinones and Sibert, 1996). It is necessary to be aware of the human need for feedback and build it
into the system as an integral element (Pérez-Quifiones and Sibert, 1996). All systems require

feedback to monitor and change behavior (Pérez-Quifiones and Sibert, 1996). Feedback usually

20



compares current behavior with predetermined goals and gives back information describing the gap
between actual and intended performance (Pérez-Quifiones and Sibert, 1996).

Providing adequate feedback is an important source of motivation for users. If no feedback is given
during a session, the user may become bored, unmotivated or, worse, unsure of whether the
actions performed have been successful (Dix et al., 2004). Providing individuals with augmented
visual information about their own motion, during training may optimize movement performance
(Lamoth et al., 2012). Feedback that is ill timed or too plentiful is not helpful, because humans
possess a limited capacity to process information (Kendall and Kendall, 2013). Finally, research
about the effects of type of visual feedback on the quality of movement and experienced workout

intensity is scarce (Lamoth et al., 2012).

2.6 Focus Groups

Focus groups are a common method in social science R&D aiming to gather preliminary data
gathering and obtain insight into a research topic and the needs of a specific group of people, older
individuals for example (Wu et al., 2014). A focus group is composed of six to ten people who are
brought together to illuminate a particular topic (Rogers et al., 1998). Such groups are often used in
marketing to determine the feasibility and utility of a particular product or service (Rogers et al.,
1998). They are also used in science to generate hypotheses, to gather information, or to
complement the results of more quantitative analyses (Rogers et al., 1998).

Focus groups make it possible to obtain a wider range of experiences and ideas (Rogers et al., 1998;
Barrett and Kirk, 2000; Wu et al., 2014). However, special considerations for elderly and disabled
elderly participants are lacking in the literature (Barrett and Kirk, 2000).

Unlike one-to-one interviews and questionnaires, the focus group enables group interaction,
building upon the ideas of one another and provides greater insight into people's experiences and
opinions (Krueger, 1994). The focus group discussion is particularly effective in providing
information about why people think or feel the way they do. In addition, participants can respond
freely and spontaneously, without the limitation imposed by close-ended questions (Krueger,
1994).

Challenges with home tasks can be compensated through technology (Beer et al., 2012a). However,
in order for older adults to adopt technologies, they must be designed to meet older adults’ needs
for assistance and the older users must be amenable to technology assistance for those needs
(Beer et al., 2012b). Consequently, evaluation and assessment with end users is important for both

the development and deployment of such new assistive technologies to incorporate user
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perspectives and needs. This is crucial in the early stages of design in order to develop targeted
technology that will be used on a long-term basis and that will fulfill the needs and expectations of
users (Louie et al., 2014). Examples of applying focus groups for elderly applications development in

the literature appear in Table 3.

2.7 Grounded Theory

The mixture of participant observations and semi-structured interviews are typically used to

illuminate the elements of an organizational culture or system producing data that can be used via

grounded theoretical strategies (Martin and Turner, 1986). Grounded Theory (GT) is a systematic

way of dealing with such nonstandard data and one of the most popular methods of constructing a

theory by analyzing qualitative data in social sciences (Allan, 2003; Faggiolani, 2011). The GT was

developed by two sociologists, Glaser & Strauss (1967) in the 1960s (Allan, 2003). Grounded theory

research should be carried out in the field with an open mind and research question (Martin and

Turner, 1986). Once data is collected, the data analysis of GT is performed in the following steps

(Faggiolani, 2011; Salinger et al., 2008; Walker, 2006):

1. Open Coding — Initial encoding of data presented in unstructured text. This step involves an
initial division into categories.

2. Axial coding — This step includes identifying relationships and creating concepts from the
categories of the previous stage.

3. Selective coding — The final step of the analysis, in which generating a model from the

categories, relationships and connections were found.
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Table 3 - Focus groups for older adults

L. Number of Number of .
Description .. Duration Reference
participants | focus group
Investigate the design considerations
and user impressions of the human- 43 (older
lik iall isti bot T dults, ,
ike socially assistive robo ér?gy a u. s 11 (3-5 each . (Louie et al.,
that we have developed to facilitate | professionals, 40 min
. group) 2014)
group and one-on-one based and family
cognitive and social interventions in members)
LTC facilities.
Needs assessment to (1) assess older
adults’ openness to assistance from
robots; and (2) understand older 21 (older (2-6 each (Beer et al.,
adults’ opinions about using an adults) group) 2012b)
assistive robot to help around the
home.
Investigated the attitudes and 21 (staff
preferences of staff, residents and ’ 3 (6-8 each . (Broadbent et
, . . , older adults 90-120 min
relatives of residents in a retirement ) group) al., 2012)
) and relatives)
village towards a health-care robot.
Give some recommendations to
. . . 15 (older 3 (4-6 each . (Wu et al.,
engineers in charge of the design of 90 min
i adults) group) 2012)
the robot’s appearance.
Assess the requirements and
attitude of the qotential users and 32 (older
. P . adults, older | 3(9-12 each (Zsiga et al.,
caregivers for new companion and vounger roup) - 2013)
robotic system that would allow y ] & grotp
i caregivers)
assistance to the elderly.
Presents end-user requirements and
suggested tasks, gained from a
ugg : gal ~a (Hebesberger
methodological combination of 13 (staff) 1 -
. ) et al., 2015)
interviews and focus group
discussions with actual staff.
Explore perceived difficulties and
needs of older adults with mild
cognitive impairment (MCI) and their 20 (older 4 (5 each 60 min (Wu et al.,,
attitudes toward an assistive robot adults) group) 2014)
to develop appropriate robot
functionalities.
Functional limitations to daily living 59 (older 8 (6-8 each 120 min (Rogers et al.,
tasks adults) group) 1998)
Determining the needs of elderly
people. Focus groups were used in
this study to provide some insight
into what elderly people and their 20 (older 4 (4-6 each 90 min (Barrett and
carers wanted to make life at home adults) group) Kirk, 2000)

easier, particularly in terms of
information and advice, and the
reasons why
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3. Methods

3.1 Overview

Older adults frequently lead to sedentary lifestyles and therefore experience a reduced quality of
life leading to decreased life expectancy (section 1.1, "Problem Description"). Paradoxically, even if
they meet physical activity guidelines (section 2.1.1, "Physical Activity Guidelines") they spend a large
proportion of time in sedentary behaviors. In order to design a system that aims to deal with this
problem, this thesis was based on a collaborative study with a multidisciplinary team of researchers
with backgrounds in physical therapy, social psychology, and intelligent systems. The purpose was
to design a prototype home-based system aimed to reduce sedentary conditions throughout the
day by providing tasks to be accomplished in a playful manner, within certain time intervals, along
with educational content on the dangers of sedentary behavior. The system’s aim was to lead to a
sustainable change from a sedentary to a non-sedentary lifestyle.

The research included several steps and methods (Figure 2).

The concept of SIT LESS system

Decide on monitoring sensors

Develop motion monitoring
algorithms

Develop user interface

SIT LESS prototype system

Observations and

Focus group System testing interviews

Analysis of results and Analysis of results and Analysis of results and
conclusions conclusions conclusions

Recommendations and ideas for
improvements

Figure 2 - Flowchart of the general view of the research stages
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The literature review included review of guidelines for physical activity and sedentary behavior for
older adults (section 2.1, "Physical Activity and Sedentary Behavior"). The concept of the SIT LESS system
was designed based on this review and an additional technological review of tools for physical
activity monitoring or enhancement (section 2.2, "Technologies for Older Adults"; section 2.3, "Activity
Monitoring Devices"). The prototype system was designed to monitor sedentary behavior and
habitual physical activities in the senior’s natural environment and accordingly to the activity level
provide appropriate feedback to the older adult.

The concept of the SIT LESS prototype system was to run continuously at home. Hence, the sensor
had to be fit for home environments, work automatically and continuously. Additionally, the
availability and cost of the sensor was considered along with finding a sensor that could be easily
placed in the natural environment of the user without bonding the user (i.e., not placed on his/her
body). Based on this analysis the Microsoft's Kinect was selected. An algorithm that identifies three
different positions: standing, sitting, and lying down was developed. Additionally, the algorithm
provides notification when the person is not within its field of view. The algorithm was developed in
Visual Studio software using C#.

A disadvantage of the Microsoft Kinect sensor is that it is stationary. Hence, when the user leaves
the house, there is no tracking of his actions. Based on the literature review (section 2.3, "Activity
Monitoring Devices") the older adult was equipped with another sensor a Fitbit Charge HR watch to
determine his/her activity level when he or she were not within the field of view range of the
Kinect.

A user interface was developed in Visual Studio software using C#, to create interaction with the
user. The user interface includes several different modules and it is automatically operated. The
prototype SIT LESS system was evaluate with the target population through a use of mixed methods
called "triangulation" (section 1.1, "Problem Description"), which included conducting focus group,
system testing, interviews and observations. The focus group was the first meeting of the target
population with the system, which was followed by a group discussion about the lifestyle of the
participants and the system. Then, we implemented system testing to examine system performance
and operation. Finally, user experience was evaluated through observations and interviews. The
aim was to evaluate user's experiences with the SIT LESS system, as well as to compare different
types of feedback and alerts. Based on the analysis and results of the focus group, system testing,
interviews and observations, recommendations and ideas were compiled for improvements of a

future SIT LESS system.
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3.2 System Description and Principles

SIT LESS prototype system (Figure 3) was designed to be simple, compact and inexpensive. It
includes a PC, the Microsoft Kinect sensor and a Fitbit charge HR watch, and can be installed easily
in a home environment. Sedentary behavior was monitored by identifying the user’s position within
the field of view of a Microsoft Kinect sensor. The following positions were identified using an
algorithm developed as part of this thesis (described in detail in section 4.4.2, “Positions
Identification Algorithm”): standing, sitting and lying down. By identifying the different positions, the
number of transitions into a standing position was also tracked. When outside the field of view the
physical activity of the older adult was monitored by counting the number of steps using a Fitbit
Charge HR watch which the older adult was equipped with. The recommended location for
installing the system at home is where the older adults are present most of their time, for example
in the living room. This would allow gathering more information and accurate monitoring of the
older adults.

The prototype system includes a user interface, in order to interact with the older adult. The user
interface was developed in Visual Studio software using C# and includes several modules (Appendix
L). It displays the activity level; provide alerts and reminders and links to other activities depending
on the activity level of the user. An exercise reminder appears, and a prolonged sitting time
reminder was displayed if the user was in sedentary state. Feedback providing summary of user

daily activity was displayed to the user at the end of each day (Figure 14).

3.3 Focus Group

A focus group (section 2.6, "Focus Groups") was conducted aiming to gather from the end-users, the
older adults, and preliminary data and to obtain insight about their lifestyle, needs and preferences
about the SIT LESS system and interaction with the system. The interviews and observations were

designed based on the results of the focus group.

3.3.1 Participants

The focus group was composed of six older adults over the age 65, living alone at home
independently with no physical limitations. Participants were recruited from AMCHA, the largest
provider of mental health and social support services for Holocaust survivors in Israel located in

Beer-Sheva.
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3.3.2 Procedure

The group gathering took place at AMCHA, and included several stages. First, a few rules were
explained (Appendix A). Second, a brief familiarity round was performed, where each person
presented himself/herself. Afterwards, background questions about their active/sedentary lifestyle.
Then, the SIT LESS system was presented to the participants. Finally, the participants were asked to
answer a series of questions regarding the system and its various applications, in order to
understand their thoughts and their preferences about the system and the interaction with the
system.

It should be emphasized that all the questions asked as part of a group discussion were turned to
each participant individually. Furthermore, each participant was able to respond to things other

group members said. All discussions were conducted in Russian and recorded (Appendix B).

3.3.3 Data Analysis

A qualitative data analysis method, the Grounded Theory method (section 2.7, "Grounded Theory")

was applied to the data was collected from the focus group.

The data analysis of the Grounded Theory included the following steps:

1. Open Coding — An initial division into categories.

2. Axial coding — ldentifying relationships and creating concepts from the categories of the
previous stage. In other words, the goal of this step is to reconnect the data together and in
new ways and turning data into information.

3. Selective coding — Generating a model from the categories, relationships and connections were

found.

3.4 System Testing
System testing procedures were implemented to examine the performance and operation of the
prototype system and included experiments to evaluate the:
+* Positions identification algorithm — to examine the algorithm's identification accuracy of the
different positions.

++» System operation —to examine the technical operation of the system elements.
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3.4.1 Positions Algorithm Experiment

3.4.1.1 Participants

Fifteen participants, students and researchers from the Department of Industrial Engineering and
Management, at BGU, with heights between 156 cm to 180 cm (mean=171 cm, SD=8.6) voluntarily

participated in the experiment.

3.4.1.2 Procedure

The goal was to examine the algorithm that monitors the sedentary behavior, which identifies the
user's different positions (standing, sitting and lying down). The experiment took place in the
mobile robots laboratory located in the Department of Industrial Engineering and Management at
BGU. Each participant individually walked in field of view of Microsoft Kinect sensor, and changed
his/her position randomly (standing, sitting and lying down), as they wanted. Each experiment was
conducted for two minutes, and was recorded using the Microsoft Kinect sensor. At the end of all
the experiments, all the recordings were manually evaluated to examine if the algorithm identified

correctly the position in which the participant was presented.

3.4.1.3 Measure

The success rate of the user's position identified by the algorithm.

3.4.2 System Operating Experiment

3.4.2.1 Participants

Three graduate students in their twenties from the Department of Industrial Engineering and
Management at BGU with no connection to the development of SIT LESS prototype system

voluntarily participated.

3.4.2.2 Procedure

Three participants examined the prototype system by using and operating various modules of the
system. The experiment took place in the mobile robots laboratory located in the Department of
Industrial Engineering and Management at BGU. Each experiment was conducted for half an hour.
The goal of the system operation experiment was an external person, unrelated to the
development of the system, would try to use and operate system before the interviews and
observations of the end-users population. During each experiment, we examined whether the

participant was able to technically operate and use the system's modules.
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3.4.2.3 Measure
Successful operation of the various system modules: the system was considered successful if the

participant was able to use and operate the module of the system.

3.5 Interviews and Observations

A study of interviews and observations was conducted to determine the experience of real end-
users with the SIT LESS prototype system and to compare different types of feedback. The
interviews and observations were conducted in Hebrew an carried out in two rounds: an initial
experience with only a few questions (first round), and the main interviews and observations
(second round). The purpose of the first round was to evaluate how the participants responded to
the interview, the observations, and the concept of the system. The second round included an
examination of what type of feedback and alerts the target population is interested in. Based on the
results and analysis of the first round, we decided how to conduct the second round, what to
preserve and what to improve. The second round was performed with more questions and more

participants.

3.5.1 Participants

Eight (first round) and twelve (second round) older healthy adults over the age 65, living alone at
home independently, volunteered to participated interviews and observations. All participants had
good health with adequate mobility performance, and had normal cognitive and mental conditions.
The participants in the first round were relatives and family friends. The participants in the second
round were from two seniors' centers in the south of Israel — "Beit Gil'ad" and "Midreshet Sde

Boker" (section 7, "Interviews and Observations").

3.5.2 Procedure

An individual meeting was coordinated with each participant at his/her house, in order for the
interview and the observation to take place in a domestic environment. Part of the interviews and
observations take place in a senior center ("Beit Gil'ad"). Each interview and observation was
conducted for half an hour to an hour. The protocol of the interview and observation included
several stages (Appendix F; Appendix H). At first, each participant received an explanation on the
importance of physical activity and sedentary behavior. In addition, the participant received an
explanation on the concept of SIT LESS prototype system, the existing applications of the system
and way they are used. Afterwards, the participants were asked to tell about their lifestyle. Each

participant experienced the system for five minutes. The last part of the procedure, the main part,
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included eight (first round) and fifteen (second round) questions related to the participant’s
preference of the system and the system’s feedback. Each question was rated on a 1-5 scale (1- not
interested; 5— very interested), and was followed by a demonstration of the matching display in the
system, relevant to the question.

The second round examined the participant's preference about the type of the "End of day

feedback", and "Prolonged sitting alert".

"End of day feedback":

During the focus group, the participants were asked whether they would be interested to receive
feedback showing only information (data numbers on the daily activity level), or would they be
interested in receiving feedback showing information and including positive or negative
reinforcement (correspondingly to their activity level). Results of the focus group indicated they
prefered feedback with information only. In addition, some said that they would be interested if a
nice picture (landscape, animals, etc.) would be displayed. Unequivocally they stated that they do
not want negative reinforcement. Based on the focus group's findings we examined the different

ways to display "End of day feedback" as followes:

a) Display only informative feedback (Figure 20)

b) Display informative feedback with positive reinforcement (Figure 21)

"Prolonged sitting time alert":

Matari¢ et al. (2007) conducted an experiment in the field of socially assistive robotics comparing
different types of feedback. In their research, the first type of feedback was that the robot gives
feedback only through sound effects. The second feedback type was that the robot uses a
synthesized voice and was not persistent. In addition, the third type was the robot uses a pre-
recorded persistent human voice . The experimental results showed that all participants preferred
the pre-recorded voice to the synthesized voice (Matari¢ et al., 2007).

Moreover, during the focus group, the idea of an alert (e.g., a bell sound) on prolonged sitting time
was mentioned. Part of the focus group participants noted that they preferred a system sound.
Consequently, based on Matari¢ et al. 2007 and focus group, the different ways to display

"Prolonged sitting time alert" were examined:

a) Display only a message (Figure 22).

b) Display a message with sound effects - the same as a), but with a sound of an alarm clock.
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c) Display a message with a pre-recorded human voice — the same as a), but with a recorded

voice, for example, "Get up; you are not active for a while".

3.5.3 Maeasures

The quantitative measures and qualitative measures as followed were included.
Quantitative measures:

e Mean ranking of the participants for interview questions.

e Standard deviation ranking of the participants for interview questions.

e Minimum and maximum ranking of the participants for interview questions.

Qualitative measures:
e Lifestyle — Understanding the lifestyle of the participants, and how they manage it.
e Recommendations and comments of participants — what would they preserve in the system,

what would they improve in the system and general comments they have.
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4. System Design

4.1 Principles

SIT LESS is a prototype home based system aimed to reduce sedentary conditions throughout the
day by monitor sedentary behavior and habitual physical activities in the senior’s natural
environment. The prototype system was developed to be simple, compact and inexpensive. It

includes a PC, Microsoft Kinect sensor and Fitbit Charge HR watch (Figure 3).

Figure 3 - The three components of SIT LESS system - Fitbit Charge HR watch, PC and
Microsoft Kinect sensor (from left to right)

The general daily activity level of the SIT LESS system is based on the sedentary behavior and the
physical activity of the older adult. To monitor the general daily activity level two components were
used (Figure 4) a Microsoft Kinect sensor and a Fitbit Charge HR watch. The sedentary behavior is
monitored by identifying the individual's position within the field of view (standing, sitting and
laying down) using a Microsoft Kinect sensor. By identifying the positions, the number of transitions
into standing position can been tracked. The monitoring of the sedentary behavior is performed
inside the house of the older adult, only in the Kinect's field of view. In addition, the physical
activity of the older adult is monitored by counting the number of steps using a Fitbit Charge HR
watch which the older adult is equipped with. When the older adult is outside the field of view, it is
possible to track his/her physical activity (Figure 4). The recommended location for installing the
system at home is where the older adults are present most of their time, for example in the living

room. This allows gathering more information and accurate monitoring of the older adults.
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Figure 4 - Monitoring system data flow of the user's daily activity level

4.2 Hardware and Software

4.2.1 PC
Hardware Requirements:
e 64-bit (x64) processor
e 4 GB Memory (or more)
e Physical dual-core 3.1 GHz (2 logical cores per physical) or faster processor
e USB 3.0 controller dedicated
e DX11 capable graphics adapter
e A Microsoft Kinect v2 sensor, which includes a power hub and USB cabling
Software Requirements:
e Windows 8 or Windows 8.1
e Visual Studio 2012 or 2013
e Windows SDK 2.0 for Kinect
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4.2.2 Microsoft Kinect Sensor

The Microsoft Kinect sensor (Figure 5) is a low cost sensor that integrates a depth sensor, color
camera and microphone (DiFilippo and Jouaneh, 2015; Zhang, 2012). The sensors provide full-body
3D motion capture, facial recognition, voice recognition and skeleton data (Zhang, 2012).

RGE CAMERA

30 DEPTH SENSOR

l MULTFARRAY MIC

Figure 5 — The Microsoft Kinect sensor

The SDK (Software Development Kit) provides tools that enable developers to create applications
that support gesture, using Kinect sensor technology on Microsoft Windows. The Kinect can
recognize people’s full body movement as well as small hand gestures. One of the applications of
Kinect is Skeletal Tracking, which allows recognizing people and following their actions. In addition,
it can locate the joints of the tracked users in space and track their movements over time. Each
body that is tracked consists of twenty-five body joints (Figure 6), and the Kinect sensor provides for
each joint X, Y, Z position (Figure 7). The joints' coordinates of the tracked body provide information

on the user in the space.
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Figure 6 - The twenty-five joints' positions of the

Figure 7 - The SDK's output of the
Skeletal Tracking relative to the human body

Skeletal Tracking
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The Kinect field of view has physical limits of the users that are determined by the settings of the IR
camera. The Kinect can recognize people standing between 0.5 meters and 4.5 meters within a
horizontal and vertical angle of vision 70° and 60° respectively (Figure 8). Its optimal interaction area

(defined as the “sweet spot”) is determined between 0.8 meters and 3.5 meters (Figure 9).

[l sweet spot
physical limits

0.5m/1ft

( 70° b \\‘.
| "'\“ ‘.
"
4.5m/14.75ft
Figure 8 - Microsoft Kinect sensor horizontal and Figure 9 - Microsoft Kinect sensor "sweet spot”
vertical angle of vision and physical limitation

The the default tracking mode is optimized to recognize and track people who are standing and
fully visible to the sensor (Microsoft, 2016a). The application Skeletal Tracking is optimized to
recognize users standing or sitting, and facing the Kinect. Moreover, tracking of the sitting state is
designed to track people who are seated on a chair or couch, or whose lower body is not entirely
visible to the sensor. Sideways positions provide some challenges regarding the part of the user

that is not visible to the sensor (Microsoft, 2016b).

4.2.3 Fitbit Charge HR Watch

The Fitbit Charge HR watch shows on its display the daily steps number in a simple way, can be
worn comfortably on the hand and has long life battery (lasts for seven to ten days). It also provides
additional features to tracks daily activities (e.g. heart rate, distance, calories burned, number of
stairs climbed and active minutes) which could be used in future research. The daily activity level

was calculated from the number of daily steps.

4.3 User Interface Description

The SIT LESS system includes a user interface (Figure 10), to interact with the older adult. The user
interface was developed in Visual Studio software using C# and includes several modules (Appendix
L). It displays the activity level, provides alerts and reminders and links to other activities depending
on the activity level of the user. An exercise reminder appears, and a prolonged sitting time

reminder is displayed if the user is in sedentary state. Feedback providing summary of user daily
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activity is displayed to the user at the end of each day. In addition, the user interface consists

several different displays that automatically operated.

Main Display:
= Sit Less = B

O« Sitless O =

NIN'YY2 N'1913 NIV ¥ NIPT 30 NINDI 12X yInin"
"DI 532 N1, nUND

I!\//

Figure 10 - The main display of the user interface. 1) settings, 2) real-time clock, 3) citation, 4) activity level
display, 5) user pose state, 6) media

- Sit Less - B

Sit Less

"It is recommended to accumulate at least 30 minutes of
moderate intensity physical activity, every day"

Activity Level [%]

\// e

Figure 11 - The main display of the user interface in English
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The main display is continuously displayed and includes the following (Figure 10; Figure 11):

1. Settings — enables calibration of global variables designed for the developer or therapist use.
This enables to adjust each user to the system. For example, it can adjust the recommended
daily number of steps according to the older adult’s physical condition and abilities.

2. Real time clock.

3. Citation — a citation from the literature to increase motivation for the importance of physical
activity and sedentary behavior reduction.

4. Activity Level — a dynamic slider filled along the day depending on the physical activity level and
sedentary behavior level of the older adult. The filling of the slider is performed according to a
measure that is based on the level of physical activity and sedentary behavior using an
equation. The physical activity level is calculated from the number of steps using the Fitbit
Charge HR watch; the sedentary behavior level is the number of breaks in prolonged sitting
calculated according to the number of transitions from sitting position to standing using the
Kinect sensor.

5. Status — the user pose state. A graphic indicator to the user on his/her position - standing,
sitting, or laying down.

6. Media — A link to movies, songs, photos and physical activity games that can be adjusted to the
user. Additionally, the system enables link to remote media enabling family to insert on-line
photos and videos of their daily life so as to increase motivation of the older adult to use the
system. This actually will allow family and grandchildren put photos and videos of their daily life.
In this way the older adult can easily feel more connected to his family. This element may

increase the motivation to use the system.

Prolonged sitting time alert:

When the system recognizes the user is in a sedentary position (sitting or laying down) over 15
minutes, the system displays an alert message. The "prolonged sitting time alert" is displayed in the
main display (Figure 12). This alert is a reminder for the older adult that he/she should get out from

the sedentary position.
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Figure 12 - Prolonged sitting time alert displayed in the main display

Exercise reminder:

Every constant time throughout the day, an exercise reminder is displayed for the older adult. On
the main display, a click button is displayed (Figure 13). Clicking on the button will present the older
adult short exercise video. The aim is that the older adult will perform the exercise shown in the

exercise video.
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Figure 13 - Exercise reminder displayed in the main display
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2) Number of Steps Display:

The number of daily steps derived from the Fitbit Charge HR watch is used to calculate the user’s
daily physical activity level. When the old adult returns to the field of view of the Kinect, the system
recognizes the person and automatically shows the number of steps display (Figure 14); the user

must enter manually the number of steps. This causes an automatic update of the activity level.

Number of steps = =
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Figure 14 - The number of steps display

3) End of Day Feedback:
Feedback summarizing the user’s daily activity is presented at the end of each day (Figure 15) and
includes the following elements:
a) Pie chart - shows the percentage of the proportion of each of the positions; standing, sitting,
laying down and not in frame.
b) The total cumulative time of each of the four different positions.
c) Number of transitions from a sitting position to standing (presented by the relative part
from the daily baseline).

d) Number of daily steps (presented also as the relative part from the daily baseline).
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Figure 15 - End of day feedback display

4.4 Algorithms

Two algorithms were developed in Visual Studio using C#, as follows:

1. Daily activity level algorithm — a measure that is based on the physical activity and sedentary
behavior level using an equation developed in this research.

2. Position identification algorithm — to identify sitting, standing and laying positions.

4.4.1 Combined Measure for Daily Activity Level Algorithm

The activity level is continuously displayed on the main display of the user interface as a dynamic
slider (Figure 10) filled along the day according to a measure that is based on the level of physical
activity and sedentary behavior using an equation. The physical activity level is calculated from the
number of steps using the Fitbit Charge HR watch; the sedentary behavior level is the number of
breaks in prolonged sitting calculated according to the number of transitions from sitting position
to standing using the Kinect (section 4.4.2, "Positions Identification Algorithm"). In addition, in order to
show the activity level of the user in terms of relative daily progress, baselines were defined as the
older adult’s daily target baseline of the steps number and baseline of the number of transition to
standing position. The baselines are based on literature and can be customized personally by a

professional according to the user capabilities at system setup.
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The preliminary calculations:

The progress measures are derived from the following calculations:

S
P =2t
155,
S>
P—_
2= g,

Where:

= S; —number of steps

= S, —number of transitions to standing position

= B; — baseline of number of steps

= B, —baseline of number of transitions to standing position
= P; —progress measure of the steps

= P, —progress measure of the transitions to standing position

The activity level equation:
PB =0.5 X [Min(100 x P,,100) + Min(100 x P,,100)]
= PB-value of the progress bar (percentage)

The proportion of the number of steps progress and the number of transitions to standing position

progress is equal, as shown in the equation.

4.4.2 Positions Identification Algorithm

The user's different positions were identified using the skeletal tracking application of the Kinect
SDK. The SDK provides various examples of code to implement applications using the Kinect sensor.
One example is the Body Basics, that demonstrate how to obtain body frames from the Kinect
sensor. Each body that is tracked consists of twenty five body joints (Figure 7), and the Kinect sensor
provieds for each joint X, Y, Z position. Moreover, the Kinect sensor also notes if there is a tracked
body and whether the joints are tracked.

Three different positions were identified — 'standing’, 'sitting' and ‘laying down' using the
coordinates of every joint of the tracked body (Figure 16).

A custom design algorithm was empirically developed, since as aforementioned there was no
available general algorithm. The algorithm was based only on the upper body joints and not on the
lower body joint since it was based on the Kinect sensor limitations (section 4.2.2, "Microsoft Kinect
Sensor"). It was noted that the algorithm will work optimally when the user will be in front of the

Sensor.
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In the developed algorithm. first, the Kinect sensor detects a body. If a body is detected, the next
step is to examine if the user is in a 'laying down' position. If not, the algorithm continues for the
third examination, if the user is in a 'sitting' position. If none of these positions are identified the
user is defined in a 'standing' position. Using the algorithm, for each position the cumulative time

and the number of transitions to standing position is calculated.

Detection
of body?

Outside the
field of view

Sitting Laying down
position?

Standing

End

Figure 16 - Positions identification algorithm flowchart

Identify the Laying Down Position
Two features are calculated to classify the position as 'laying down":
= Length of the spine (Ls) — based on data of the joints location the Kinect provides. This is derived
from the equation of distance between two points in space, using X, Y, Z-axes:
Ls = (Xss — Xsp) + (Yss — Ysp) + (Zss — Zsp)
= Height of the spine (Hs) — based on data of the joints location the Kinect provides, using only the
Y-axis:
Hs = (Yss — Ysp)

SS — spine shoulder (the upper joint of the spine); SB — spine base (the lower joint of the spine)
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After the calculation of both features, the algorithm examines whether the user is 'laying down' or
not, through a classification rule derived as the ratio between spine height and length is less than

0.5:

Hg
L_S < 0.5

If the condition of the classification rule is true, the user's position is defined as 'laying down’;

otherwise, we continue to examine if the user is in a 'sitting' position.

Identify the Sitting Position
The length of the different body segments is calculated using a multiplication of the height or other

body segments of the individual by a certain fraction as show in (Figure 17).
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Figure 17 - Body segments length, relative to body height H (Herman, 2016)

Five features are calculated to classify the position as sitting".
= Length of the spine (Ls) — see in the identification of laying down' position.
= Length of the thigh (Lt) — multiplication of fractions from the diagram (Figure 17), based on the

length of the spine:
Ls
H =
0.288
Lr =0.245 X H
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= Relative height of the shoulders (Hsn1) — based on data of the joints location the Kinect provides,
using only the Y-axis:
Hgpy = Yss
SS — spine shoulder (the upper joint of the spine)
= Measured height of the shoulders (Hsh2) — based on the height of the sensor in the real world
(SH, constant variable in the algorithm), and on the relative shoulders height (Hsh1):
Hgpp, = SH + Hgpy
= Theoretical height of the shoulders (Hsh3) — multiplication of fractions from the diagram:

HSh3 == 0818 X H

After calculating the five features, the algorithm examines whether the user is 'sitting’' or not.
Through a classification rule derived as the ratio between thigh length and difference between
shoulders theoretical and measured height is less than 0.5:
Ly
Hsps — Hsp,
If the condition of the classification rule is true, the user's position is defined as 'sitting’; otherwise,

the user's position is defined as 'standing’.
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5. Focus Group

5.1 Background

A number of senior housings were contacted for recruitment of participants for the focus group.
Unfortunately, we were unable to recruit participants this way. In some cases, we had lack of
cooperation from the senior housing management. In the other cases, part of the older adult
population did not fit the definition of the participants corresponding to the research — living alone
at home independently without physical limitations.

Finally, we contacted the AMCHA located in Beer-Sheva, a medium-sized city located in the south of
Israel. AMCHA is the largest provider of mental health and social support services for Holocaust
survivors in Israel. Seven older adults, living alone at home independently, were invited to
participate in the focus group voluntarily, in order to have at least five participants in a focus group.
Eventually six participated in the focus group.

The participants included three males and three females, aged between 73 to 87 years (mean=80,
SD=5.4). All participants lived alone at home independently and were without physical limitations.
The focus group took place at AMCHA, and was conducted in Russian together with a researcher
who specialized in this domain and in the language. The discussion was audio taped and transcribed
per verbatim to Hebrew from Russian. It should be noted that the discussion was conducted in
Russian since most did not speak fluent Hebrew or did not speak at all.

First, a few rules were explained to the focus group. Second, a brief familiarity round was
performed, where each person presented himself/herself. Then, background questions about their
active/sedentary lifestyle were asked. Then the SIT LESS prototype system was presented to the
participants. Finally, the participants were asked to answer a series of questions regarding the
prototype system and its various applications, in order to understand their thoughts and their
preferences about the system and the interaction with the system. All discussions were recorded

(Appendix B).
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5.2 Analysis

The qualitative analysis was based on Grounded Theory (section 2.7, "Grounded Theory") and

included the following steps:

1) Open Coding - initial division into categories of the unstructured text. This step in our study was
performed through sentence-by-sentence. We viewed the text, marked useful sentences, and
divided the text into sections, which were named (Appendix C).

2) Axial coding — in the second step we identified relationships and created concepts from the
categories of the previous step. The analysis was divided into three main topics - lifestyle, the
system and interaction with the system. For each topic, the relevant categories were attributed,
after editing and changing the categories according to the relationships that had found
(Appendix D).

3) Selective coding — a model was generated from the categories, relationships and connections
found. For each topic, a model that included a story that included quotations of participants

during the discussion was created.

5.3 Results

5.3.1 Lifestyle
Most participants reported that they used to hold a healthy lifestyle and were in the past physically
active. However, nowadays, most of them claimed to live a sedentary one:

"Honestly speaking, when | was younger | used to be much more active. | moved, ran, and

rarely sat. Over the years, | started to live a considerably passive lifestyle. In the past, |
made efforts to go out for a stroll at least an hour and a half - two hours a day.

Unfortunately, lately it's became significantly more common and | sit for longer periods".
Subsequently, most of the participants reported about their desire to avoid sedentary lifestyle.
However, they noted that there are some difficulties in maintaining an active lifestyle. The
difficulties described by the older adults fell into two main categories. The first was related to
physical problems, in a kind of a vicious circle where one leads to another; On the one hand,
physical recession associated with aging, restricts their mobility. On the other hand, lack of traffic
worsens their physical status, i.e. causes physical decline that ends up in a more sedentary lifestyle:

“I understand the need to be active and reduce time as little as possible in front of the
computer, but sometimes I'm so into my work that | lose sense of time. After a while, | get

remember that, | can barely stand up [...] After a long sitting | can really notice that my
back hurts, my legs sore, and my belly only grow bigger, if vulgarly speaking".
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The second factor that makes it difficult to keep up active lifestyle is technology. Television and
especially the PC are used as main tools for self-fulfillment, and are widely accessible. Overuse of
technology impairs ones movement and consequently leads to a sedentary lifestyle:

"When I arrived to pension age | discovered first the computer and began to live a much

more passive lifestyle. Today, and especially lately, | sit quite a lot and spend the majority
of my time in front of the computer".

Nevertheless, the participants see technology not only as a problem, but also as a solution:

"I think that television is more harmful to young ages than for adults."
"It also depends on how you use it. Some contents are very interesting and contributing,
and might promote physical activity".
5.3.2 The system
The participants expressed a number of suggestions and preferences relating to the system itself in
terms of hardware and software. Regarding the hardware, they proposed that the system’s screen
will be hung away from them in a manner that will cause them to stand up and move towards it. In
addition, regarding the location of the system in the domestic sphere, the participants expressed a
sheer preference to locate it in the living room or den:
"Let’s say I'm in the kitchen, why should | care what the system shows? | care about it only
when I'm in my room".
Many pointed out their preference that the motion monitoring sensors shall be external and not on
their body. Moreover, they noted that putting an instrument in the pockets is quite inconvenient,
but bracelet or watch might be good though. Some participants stated that the system should not
be mobile. Others recommended about automatic synchronization between the steps counter and
the system itself:
"But why should the system ask us for the number of steps and only then we'll enter the
data? You can do it automatically with a watch that updates the computer" [...] Yes,
synchronizes automatically once you reach the system".
During the discussion, the participants raised several questions that related to a number of issues
that bothered them. For example, the system’s "voices" bothered some of the participants whether
they will be able to hear it while they are away. In addition, some participants expressed concern in
a similar manner for displaying a reminder on the screen:

"If we did not hear the system, could we ask the system what did it say?" [...] "I do not like
it... If for example | talk on the phone or while I’'m having guests at home".
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"For how long will the alarm message appear on the screen? If I'll keep looking at the
screen all the time | might spill the milk".
Some participants expressed fear concerning the system:
"It is an espionage instrument".
"What does the system do during the nighttime? Will not let us sleep? Can | close it? [...]
How will it know | went to bed?"
Most participants expressed an interest in the system and viewed it positively noting it could
contribute to them a lot:
"This whole idea of incenting one to be more active and in shape, sounds pretty healthy"
[...] "I think this system is a great idea, it could be rather useful".
5.3.3 Interaction
All participants expressed interest in creating a feedback of timeframe summary of their activity;
standing, sitting and lying. Subsequently, they mentioned several preferences regarding the
feedback display frequency and manner. Some participants preferred that the feedback would be
shown only once, and only at the end of the day, with preference to informative and voiceless
presentation. Furthermore, many of the participants opposed that the system's interaction with
them would be childish:
"Yes, why not? It is good for us to get accountability".
"Once a day" [...] "At the end of the day is the best"
"But only information [...] we are not little children".
Most participants emphasized that they are not interested in receiving positive or negative
feedback, and noted that it might cause them to reduce usage. Some mentioned that if any
reinforcement will be displayed, it should only be positive:
"So the system will tell me all the time that I’'m such and such [...] Eventually | will look at
this less."
"But only good recommendations" [...] "Only flatter, just flatter".
During the conversation, few participants raised an idea that the system would provide
automatically a warning against prolonged sitting time. There was rather consensus around its
necessity to be accompanied with voice. However, there was no consensus on the type of the
sound:
"Is it possible to add some kind of alarm sound once it detects a person sitting motionless
for two hours? Like an alarm clock.”
“It should be annoying sound" [...] "Not too annoying, but something intelligent" [...] "No,

on the contrary, something like a bell" [...] "Never mind what tone, but some clear signal
or information that will show that I’'ve been sitting for too long".
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Some participants were troubled by the idea that the system might tell them when to make a brief
training, and feared that the system will also talk or display personal data while they are not
present. The solution they offer was to form an indicative signal at the beginning of a session:
"Should we look at the system at any moment? [...] But then it will make us staring at the
screen”.
"Only if providing prior to the training a typical sound that will call us to look at the
screen".
"Maybe the activation should be by pressing a button".

At the end of the day, the idea of the system displaying media was responded negatively. However,
on the other hand, it led to a proposal of presenting a nice picture on the screen:

"Not need in sound and pictures".
"Any kind of picture, but not a black screen" [...] "Images of Nature [...] or animals".

5.4 Discussion and Summary

The focus group indicated there were two main factors that caused the partisipants to change their
lifestyle from active to sedentary. The first factor was physical and mental decline, wich inevitable
with aging. This causes some difficulty to perform physical activities. The second factor was the
technology (for example, computer and TV), which is affordable and accessible solution for leisure.
The sedentary lifestyle of the partisipants lead to physical pain and problems. Consequently, the
physical pain and problems causes difficulties in performing physical activity, which further
increased sedentary lifestyle. The participants found it difficult to link the physical problems to the
use of technology; they considered the technology as having positive outcome, and not harmful. In
addition, they claimed that technology does more harm to young people than to them indicating
“the third person effect” (Davison, 1983). This point indicates an advantage providing hope that the
SIT LESS system can provide a good intervention. On one hand, they indirectly indicate that
technology leads to physical problems. However, on the other hand, they argue that the technology
is not harmful to them.

From the focus group, we were able to learn about the lifestyle of the older adults. More
specifically, we received information about participants' preferences about the prototype system
and interaction with the system. They contributed new ideas that can be implemented in the

system in future research.
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6. System Testing

System testing procedures were implemented to examine the performance and operation of the
prototype system and included experiments to evaluate the:
¢ Positions identification algorithm — to examine the algorithm's identification accuracy of the
different positions.

%+ System operation — to examine the technical operation of the system elements.
6.1 Positions Identification Algorithm Experiment

6.1.1 Background

An algorithm (section 4.4.2, "Positions Identification Algorithm"”) that identifies the user's different
positions (standing, sitting and lying down) was developed and evaluated.

Fifteen participants, students and researchers from the Department of Industrial Engineering and
Management, at BGU, participated voluntarily in the experiment. The participants' heights varied
from 156 cm to 180 cm (mean=172.8 cm, SD=6.6 cm). The experiments took place at the mobile
robots laboratory in the Department of Industrial Engineering and Management at BGU. Several
chairs were set three meters in front of the Microsoft Kinect sensor. Each participant was asked
individually to walk around the lab, in the field of view of the Microsoft Kinect sensor, and change

his/her position due to the user desire (standing, sitting or lying down) (Figure 18).

Figure 18 - Participant during the experiment
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Each experiment was conducted for two minutes, and was recorded using the Kinect Studio. Kinect
Studio is an application that can be used to preview Kinect sensor array data, record and play files,

control the timeline position, and select 2D or 3D views (Figure 19).

S - _— — e e ———

Figure 19 - An example of Kinect Studio output

6.1.2 Analysis

All the recordings were manually evaluated using Kinect Studio, to examine if the algorithm
identified correctly the position in which the participant was presented. The goal of the
experiments analysis was to find the success rate of the user's position identification by the
algorithm. Thus, we observed each recording and examined whether there was a match between
the positions the algorithm identified and the positions in which the participant was presented in
the recording. We repeated this process for each position the participant was presented in

(Appendix E).

6.1.3 Results

The results of the analysis presented in terms of success rates of position identification (Table 4).

6.1.4 Summary and Conclusions
The positions identification algorithm resulted in excellent performance with a 96% total success
rate. The cases in which the algorithm did not identify correctly the position of the participant were

all in the 'laying down' position. In these cases, the identification of the joints by Microsoft Kinect
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sensor was inaccurate. As a result, the detection of the positions identification algorithm was
inaccurate respectively. Based on the experiment's results and the limitations of Microsoft Kinect

sensor (section 4.2.2, "Microsoft Kinect Sensor"), our conclusion is the algorithm works properly.

Table 4 - Success rate of the positions identification algorithm experiment

i T o o ronon e

1 157 100% 100% 0% 67%
2 172 100% 100% 33% 78%
3 175 100% 100% 100% 100%
4 180 100% 100% 100% 100%
5 180 100% 100% 100% 100%
6 180 100% 100% 100% 100%
7 172 100% 100% 100% 100%
8 174 100% 100% 100% 100%
9 178 100% 100% 100% 100%
10 164 100% 100% 100% 100%
11 167 100% 100% 100% 100%
12 177 100% 100% 100% 100%
13 165 100% 100% 100% 100%
14 173 100% 100% 100% 100%
15 178 100% 100% 100% 100%
Mean 172.8 100% 100% 89% 96%

6.2 System Operating Experiment

The goal of the system operation experiment was an external person, unrelated to the
development of the system, would try to use and operate system before the interviews and
observations of the end-users population. Three participants voluntarily participated in the system
operation experiment. The participants were graduate students in their twenties from the
Department of Industrial Engineering and Management at BGU, with no connection to the
development of SIT LESS system. The experiment took place in the mobile robots laboratory located
in the Department of Industrial Engineering and Management at BGU.

The participants examined the system separately by using and operating various modules of the
system. Each experiment was conducted for half an hour. During each experiment, we examined
whether the participant was able to operate and use the system's modules, focusing on technical

aspects. The protocol of the system operation experiment included two main stages. At first, each
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participant received an explanation on the concept of SIT LESS system, the existing modules of the
system and way they are used. Afterwards, each participant was experience with operating the
various modules of the system in remaining time. In addition, the participants were asked to
comment if something is not working properly or they have difficulty to operate something.

The technical operation of the system by all the participants was successful, they were able to use
and operate all modules of the system without problems, and did not mention there is something
not proper in the system. In addition, the participants noted that the operation was very simple and
comfortable. In conclusion, the results of the system operation experiment were not surprising, for
the reason the system was designed to be automatically operated and simple to use. The

experiment's result proved that this goal was achieved.

53



7. Interviews and Observations

A series of Interviews and observations were performed to determine how real end-users
experience the SIT LESS prototype system and to compare different types of feedback. The
interviews and observations were carried out in two rounds: an initial experience with only a few
guestions and a short observation (first round), and the main interviews and observations (second
round). The purpose of the first round was to evaluate how the participants respond to the
interview, the observations, and the concept of the prototype system. The second round included
an examination of what type of feedback and alert the target population is interested in. Based on
the results and analysis of the first round, we decided how to conduct the second round, what to
preserve and what to improve. The second round was carried out with more questions and more

participants. All interviews and analysis were conducted in Hebrew.

7.1 First Round

7.1.1 Background

The first round of interviews and observations was based on relatives and friends who were
specially recruited. Eight older healthy adults, living alone at home independently, volunteered to
participate in this round. All participants had normal cognitive conditions and had no mobility
disabilities. The participants included five males and three females at ages between 70 to 92 years
(mean=79.3; SD=7.3). An individual meeting of half an hour to an hour was coordinated with each
participant at his house, in order for the interview and the observation to take place in a domestic
environment.

The protocol of the interview and observation included several stages (Appendix F). At first, each
participant received an explanation on the importance of physical activity and sedentary behavior,
including definitions of the terms. In addition, the participant received an explanation on the
concept of SIT LESS prototype system, the existing applications of the system and way they are
used. Afterwards, the participants were asked to tell about their lifestyle which included questions
related to what they do during the day, which activities they participate in, how long do they spend
in front of the computer\television, if they are engaged in any physical activity, and if so, which
activity and for how long.

Each participant experienced the prototype system for five minutes. During the experience, the
participant was asked to be in different positions with no preset order: standing, sitting, and laying

down. In addition, he/she experienced operating various applications of the prototype system.
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The last part of the procedure, which was the main part, included eight questions related to the

participant’s preference of the system and the system’s feedback. Each question was rated on a 1-5

scale (1- not interested; 5— very interested), and was followed by a demonstration of the

matching display in the system, relevant to the question.

7.1.2 The Questions

The first round included the following eight questions (Q1-Q8):

Ql1l: Areyouinterested in a system like this?

Q2: Do you want to receive an alert when you sit for a long time?

Q3: Areyouinterested in receiving a summarized feedback of your daily activity level at the end
of the day?

Q4: Should the feedback show individual progress relative to last day/week/month?

Q5:  Should the feedback show progress relative to other people?

Q6: Do you want the system to display photos, videos and songs for leisure purposes?

Q7: Should the system include trivia games, or games that combine physical activity?

Q8: Should the system alert you with sound (voice) in addition to a message on the screen?

7.1.3 Results

The participants responded to the eight questions, they ranked each question on a scale 1-5. The

mean, standard deviations, minimum and maximum of the ranking were calculated (Table 5; Figure

20; Appendix G; Appendix J).

Table 5 - Mean, standard deviation, minimum and maximum of participants' ranking for the
interview questions of the first round

Q1 2.6 1.1 1.0 4.0
Q2 3.8 1.6 1.0 5.0
Q3 4.6 0.7 3.0 5.0
Q4 4.3 11 2.0 5.0
Q5 1.0 0.0 1.0 1.0
Q6 3.5 1.7 1.0 5.0
Q7 3.0 2.0 1.0 5.0
Q8 3.8 1.6 1.0 5.0
Age 79.3 7.3 70.0 92.0
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Figure 20 - Mean of participants' ranking the for interview questions of the first round

The participants were asked several questions about their daily routine to understand their lifestyle
and how they manage it. First, we asked whether they use the computer or the television. All the
participants responded positively, while most of them used a computer for a few hours a day. In
addition, we asked about their physical activity, the number of hours they spend outdoors and the
number of hours they spend in physical activity. The answers varied. The activities the participants
mentioned included gym, exercise chairs, stretching, walking outdoors, swimming pool, bicycles,
treadmill, cleaning and arranging the house. Some of the participants mentioned they were active
several hours a day, while others reported that they are not physically active at all. However, it is
important to note, that they all noted that they spend time in a sedentary position in front of the
computer, television or in reading in the rest of the day.

Then, the participants responded to eight questions, which they ranked on scale of 1-5. In some of
the questions most of the participants agreed on their answer (Q3, Q4, and Q5). Most of the
participants were very interested in receiving a summarized feedback of their daily activity level at
the end of the day (Q3, mean=4.6, SD=0.7). The majority of the participants were interested in
comparing their daily progress to the other days (Q4, mean=4.3, SD=1.1). Moreover, all participants
were absolutely not interested in comparing their progress in relation to acquaintances, not
interested in the competition (Q5, mean=1.0, SD=0.0). One participant mentioned that he would be
interested in this type of feedback, if one could only see his/her rank relative to the others without
disclosing the rating of each individual.

In the remaining questions, there was more variance in the ranking of the questions. For example,
part of the participants were very interested to receive an alert when they sit too long, claiming
they need something to remind them to get up. However, others were not interested, arguing that

it will bother them (Q2, mean=3.8, SD=1.6). Similarly, part of the participants were very interested
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that the system includes trivia games, or games that combine physical activity, and others were not
interested (Q7, mean=3.0, SD=2.0).

At the end of the interview, participants were asked to comment and make recommendations. The
following are examples of the comments (Appendix G):

"Turn to professionals to receive professional guidance and recommendations in the field
of physical activity".
"That the camera will be unable to move and follow the user ".
"System that learns moods".

There were also positive comments (Appendix G):

"The system is good and important, given the type of awareness based on accurate
information ".
"I agree with the idea of the system, it's a good idea to do physical activity".
"The system provides a framework".

7.2 Second Round

7.2.1 Background

We contacted several senior houses aiming to recruit from them participants. Unfortunately, we

were unable to recruit participants this way. In some cases, we had lack of cooperation from the

senior housing management. In other cases, part of the older adult population did not fit the
definition of the participants corresponding to the research — living alone at home independently,
having normal cognitive conditions and not physically limit.

Finally, we were able to collaborate with two places in the south of Israel:

1. "Beit Gil'ad" — a daily activity home for the senior of the “Bnei Shimon” municipality, in Kibbutz
Mishmar HaNegev, Israel. It consists of two centers adequate to different needs of the aging
population. The first is a club operating three times a week, starting in the morning and until
noon. The program is very enriched and includes gardening classes, yoga, shiatsu, crafts, and
other workshops. The second is an employment center operating 5 days a week. It is designed
for self-employed seniors who still want and are able to work. The center aims to provide
employment to all the older adults by producing high-quality products. This includes wooden
toys, textiles, embroidery and painting. The products are sold locally and at various fairs
throughout the country.

2. "Midreshet Sde Boker" — Midreshet Ben Gurion is a community place for research, education,
cultural inspiration and home for many people, which includes schools, an historical archive,

museums, a few shops and clusters of homes. Midreshet means "a place of learning".

57



Researchers, educators and high school students come to study and teach about the desert, and
find what it can best provide. Midreshet Sde Boker has an older adult's community who has

weekly meetings for lectures and other sessions.

In each of the above places, we contacted the manager to coordinate interviews with older adults
and a lecture on the importance of reducing the sedentary behavior. Thus, all the older adults were
offered to participate in our research.

The second round included twelve older healthy adults, living alone at home independently, that
were interested to participate in our research. All participants had normal cognitive conditions and
had no mobility disabilities. The opinion of the manager confirmed the satisfactory cognitive and
physical condition of each participant. The participants included four males and eight females at
ages between 70 to 90 years (mean=79.3; SD=6.8).

The procedure of the interview and observation was carried out similarly to the first round
(Appendix H; Figure 24). In the following we noted only the differences and changes from the first
round. Based on the results of the first round, we decided to change the order of questions. For
example, the question "Are you interested in a system like this?" was moved from the beginning to
the end of the interview, since it was preferred that the participant will get familiar with the system
before they answer this question. Another change was to separate the question "should the system
include trivia games, or games that combine physical activity?" into two separate questions. The
last change was to examine the participant's preference of type of feedback and alert. We added six
guestions related to the "End of day feedback", and "Prolonged sitting time alert". In addition,
during the interview we presented different options for the (1) "End of day feedback" and (2)

"Prolonged sitting time alert", as follows.

1) The different ways to display "End of day feedback":
a) Display only informative feedback (Figure 21)

b) Display informative feedback with positive reinforcement (Figure 22)

2) The different ways to display "Prolonged sitting time alert":
a) Display only a message (Figure 23)
b) Display a message with sound effects - the same as a), but with a sound of an alarm clock.
c) Display a message with a pre-recorded human voice — the same as a), but with a recorded

voice, for example, "Get up; you are not active for a while".
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Figure 21 - "End of day feedback" display - only informative feedback
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Figure 22 - "End of day feedback" display - informative feedback with positive reinforcement
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Figure 23 - "Prolonged sitting time alert" on the main display

7.2.2 The Questions

The second round included the following fifteen questions (Q1-Q15):

Q1l:
Q2:
Q3:
Q4:

Q5:
Qé6:

Q7:
Q8:
Q9:

Q1o0:
Q1l1:
Qil2:
Q13:
Q1l4:
Q15:

Are you interested in receiving summarized feedback showing only information?

Are you interested in receiving summarized feedback including positive reinforcement?
Are you interested in receiving a summarized feedback including negative reinforcement?
Should the summarized feedback show individual progress relative to last
day/week/month?

Should the summarized feedback show progress relative to other people?

Are you interested in receiving a summarized feedback of your daily activity level at the end

of the day?

Are you interested in an alert display only on the screen?

Are you interested in an alert display on the screen with sound?

Are you interested in an alert display on the screen with a recorded human voice?

Do you want to receive an alert when you sit for a long time?

Do you want the system to display photos, videos and songs for leisure purposes?
Should the system include trivia games?

Should the system include games that combine physical activity?

Should the system alert you with sound (voice) in addition to a message on the screen?

Are you interested in a system like this?
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Figure 24 - Participant during the interview and observation

7.2.3 Results

The participants ranked each of the fifteen questions on a scale 1-5. The mean, standard deviations,

minimum and maximum of the ranking were calculated (Table 6; Figure 25; Appendix |; Appendix K).

Table 6 - Mean, standard deviation, minimum and maximum of participants' ranking the for
interview questions of the second round

Ql
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10
Qi1
Q12
Qi3
Q14
Q15
Age

3.7
3.8
3.5
4.3
1.0
4.8
3.2
3.3
3.1
4.4
2.6
2.3
3.7
2.9
3.8
79.3

1.5
1.6
1.4
1.5
0.0
0.4
1.5
1.5
1.3
1.2
1.7
1.6
1.5
1.7
1.5
6.8

1.0
1.0
1.0
1.0
1.0
4.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
70.0

5.0
5.0
5.0
5.0
1.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
90.0
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Figure 25 - Mean of participants' ranking the for interview questions of the second round

The questions of second round can be divided into three main groups:
1) Questions on the "End of day feedback" (Q1-Q6).
2) Questions on the "Prolonged sitting time alert" (Q7-Q10).

3) General questions about the system (Q11-Q15).

Generally, the participants were very interested in receiving a summarized feedback of the daily
activity level at the end of the day (Q6, mean=4.8, SD=0.4). This question had the highest average
ranking with a very small standard deviation (Table 6, Figure 26), ten participants ranked 5 and the
other two ranked 4. We estimated that the participants would prefer positive feedback to negative

feedback.

Question 6

12

O N B OO

1 2 3 4 5

Figure 26 - Histogram (Q6) - second round

However, the results showed that there was not significant difference in preference between the
feedback showing only information (Q1, mean=3.7, SD=1.5) with positive reinforcement (Q2,
mean=3.8, SD=1.6) and with negative reinforcement (Q3, mean=3.5, SD=1.4). Participants'
comments varied. Those who preferred just information argued that (Appendix 1):

"This information is the main thing".
"I like numbers".
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Those who were interested in positive or negative reinforcement claimed that (Appendix I):

"Information by itself is not enough".
"I definitely want feedback".
"It is motivating".

However, there was a consensus among most of the participants on the two other questions in this
section (Q4, Q5). The majority of the participants were interested in comparing their daily progress
to other days (Q4, mean=4.3, SD=1.5). Moreover, all participants were absolutely not interested in
comparing their progress in relation to acquaintances, they were not interested in the competition
(Q5, mean=1.0, SD=0.0). It should be noted that the response on these questions was very similar
to the responses in the first round.

Most of the participants indicated that they were interested to receive an alert when they sit too
long (Q10, mean=4.4, SD=1.2). It should be noted that the average ranking for this question was
lower in the first round than in this round. In addition, we estimated that they would prefer to hear
a recorded voice. However, the participants did not indicate a clear preference between the
different alerts, similarly to the types of feedback (Figure 27). We found that there was no significant
difference between the different alerts: alert message only on the screen (Q7, mean=3.2, SD=1.5),

alert with sound (Q8, mean=3.3, SD=1.5) and alert with a recorded human voice (Q9, mean=3.1,

SD=1.3).
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Figure 27 - Histogram (Q7, Q8, Q9) - second round

Participants' comments varied, especially on the sound that came with the alert:

"I would like to have a pleasant sound ".
"I would like to have a playlist of favorite songs".
"It does not matter for me".
"It's more annoying than the other options".

The average ranking was lower and there was more variance in the remaining questions (the third

group). For example, part of the participants were very interested in a system that combined games
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with physical activity, while others were not interested (Q13, mean=3.7, SD=1.5). Nine of the
participants were very interested in the system, and three others were not interested (Q15,
mean=3.8, SD=1.5). The three participants that were not interested in the system claimed to be too
busy to need the system to be active. Yet, despite this, it is interesting to note that they indicated
that the system has high importance and that its general concept is successful.

At the end of the interview, we asked the participants three additional open questions:

1) How much money would they be willing to pay for the system?

2) What would they preserve and what would they improve in the system?

3) What are the general comments they have?

Most of the participants had difficulty to respond to the first question. Only half responded to this
guestion, and they were willing to pay 600NIS on average. On the second question, they had good
answers, which were incorporated in our summary. Examples of the general comments of the
participants include:

"Place in sheltered housing and institutions in which people sit too long".
"The system is certainly interesting and can be assimilated in the health system”.
"Good for people who need encouragement to exercise".

"Spread everywhere".

"Genius idea".

"Successful and necessary idea".

7.3 Summary and Conclusions

Valuable information about the preferences of the target population was obtained through the

interviews and observations, as follows:

+* Most of the participants were interested in the system, and those who did not still claimed that
it is a good idea. We can conclude that the concept of the system is good and the target
population is interested in the system. In addition, it would be worthwhile to further develop
and improve the system.

+» Almost all participants were interested in receiving feedback at the end of the day that
summarized their activity. Therefore, we concluded that the feedback in system should be
maintained.

+* The majority of the participants were interested to receive an alert when they sit too long. Thus,
we concluded that we should keep the alert in system.

% In the second round, we moved the question "Are you interested in a system like this?" from

beginning (first round) to end (second round) of the interview. Due to the increase in the
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participants' ranking on this question, from the first round (mean=2.6, SD=1.1) to the second
round (mean=3.8, SD=1.5), we assumed that it was a positive change.

+* Another change was to separate the question "should the system include trivia games, or games
that combine physical activity?" into two separate questions. Similarly, we assumed that it was
a positive change, due to the different ranking on questions. The ranking of the question
"should the system include trivia games?" was lower (mean=2.3, SD=1.6) than the ranking of
the question "Should the system include games that combine physical activity?" (mean=3.7,
SD=1.5).

*»* One of the main things we expected to evaluate through the interview was a comparison
between the different feedbacks and alerts. Yet, there was no significant difference between
the rankings of the different options. Therefore, we concluded that perhaps we should have
asked these questions in a different way. For example, ask the participants to rank in
descending order what kind of feedback they prefer. A future system should probably adopt
personalized feedback (i.e., fit the feedback to the user).

+* We found that the question — “how much money would they be willing to pay for the system?”
was problematic. Maybe we should offer several ranges of prices and ask the participants to
select.

+¢ ldeas for improving the system arose during the interview with the participants, and included
ideas such as:
¢ Add healthy diet recommendations
¢+ The sensor is stationary; add an additional sensor or provide a sensor that can follow the

user.

¢+ The number of the steps shown in the watch was too small; exchange to other pedometer or

perform automatic reception of the data from the watch.

The prototype system developed and experienced in this work proved its significance and
contribution. Based on the above conclusions, we recommend improving the system for future

research.
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8. Summary, Conclusions and Further Research

This thesis deals with the design of a prototype system aimed to reduce the sedentary lifestyle of

older adults. The aim was to propose a concept for a SIT LESS system, realize the detailed concept

of design and facilitate interaction. A prototype system was designed, implemented and evaluated.

The system design employed mixed methods including focus group, system testing, interviews and

observations. Through these methods, valuable information about the preferences of the target

population was obtained. This information was used for further research recommendations.

Research limitations:

X/
L X4

X/
L X4

One finding of this study is that most of target population spent significant time in a sedentary
position, and manage sedentary lifestyle, due to the use of technology (e.g computer and
television). However, it is important to note that this is a common phenomenon among all age
ranges (Tremblay et al., 2010) and not specific for this age group.

The purpose of the study was to lay the foundations of the SIT LESS system concept, which
included an initial meeting of the target population with the system. Therefore, the present
study did not include a long experience of the real end-users with the system, which should be
performed in a future research along with usability evauations. The short experience with the
system did not allow and in-depth examination of the preferences of the real end-users.
Therefore, it is recommended take Inc. their preferences.

The position identification algorithm was developed to work optimally for the Kinect’s physical
limits. The Kinect is optimized for a user in front of the sensor, and any other condition
influenced its performance. The Kinect’s optimal interactions area is determined between 0.8
meters and 3.5 meters with a horizontal and vertical angle of vision of 70° and 60° respectively.
The application Skeletal Tracking is optimized to recognize users standing or sitting, and facing
the Kinect, and has some challenges with sideways positions.

Two performance indicators to measure the daily activity level of the older adult were defined
based on the literature and existing guidelines. These indicators should be set for each user
individually depending on his/her capabilities and state of health. It is expected that each
participant would have a different baseline and that these indicators will be set by a
professional (e.g., physical therapist, doctor) when installing the system in the older adults’s

home.

66



8.1 Summary and Conclusions

The research summary and conclusions are divided into three main sections based on the research

objectives:

Define quantitative performance indicators to measure the daily activities and sedentary behavior

of the older adult

Two performance indicators to measure the daily activity level of the older adult were defined. The
first indicator measures the physical activity level and is defined as the number of steps using the
Fitbit Charge HR watch. The second indicator measures the sedentary behavior and is defined as
the number of transitions from sitting position to standing using the Kinect. A measure combining
these two indicators defines the older adult's daily activity level. The real end-users appreciate the

concept of the system that monitors their daily activity level.

Explore if and how to present feedback to the older adult including its type and timing

Two main user feedbacks were evaluated with the end-users through focus group, interviews and
observations. Based on the system's concept and the end-users preferences, the type and timing of
feedbacks were determined. The first feedback, "End of day feedback" summarizes the user’s daily
activity and is presented at the end of each day. The second feedback, "Prolonged sitting time alert"

gives a reminder when the user is in a sedentary position over 15 minutes.
Following are the conclusions related to feedback:

¢ Feedback that summarizes the activity of the users at the end of the day should be presented.
%+ Alerts should be presented when the user sits too long.

¢ The type of feedback and alert should be personalized.

Develop a prototype operational system and evaluate the prototype system through a mixed

methods approach with target populations in order to receive recommendations for future

development

The system designed was fully operational. It included a positions identification algorithm and a
user interface. Through the evaluation of the prototype system as a whole, conclusions were
gathered about the user's interaction with the system, about the hardware and software of the

system and about the older adults' lifestyle.
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User interaction conclusions:

Many of the real end-users were interested that the system would combine games with
physical activity, while some were not.

The real end-users preferred that the motion monitoring sensors will be external and not on
their body. Moreover, they did not want to put an instrument in their pockets, while wearing a

bracelet or a watch would be acceptable.

Technical conclusions:

X/
L X4

X/
L X4

The positions identification algorithm resulted in excellent performance with a total of 96%
success rate and hence can be employed in a future system.

The default-tracking mode of Microsoft Kinect sensor is optimized to recognize and track
people who are standing, facing and fully visible to the sensor. When the user was not in this
position, identification was inaccurate. Consequently, when the user was in a 'laying down'
position, there were a few cases where the identification of the sensor was not accurate.

Hence, these cases should be improved in a future system.

Lifestyle conclusions:

*
°

Some of the real end-users were physically active and some were not. The majority spent
significant time in a sedentary position in front of the computer, television or reading during
the rest of the day.

Most of the real end-users had the desire to avoid sedentary lifestyle. However, there were
two main factors, which prevented this. The first factor was physical problems, physical
recession associated with aging, restricting their mobility. The second factor that made it
difficult for many of them to keep an active lifestyle was due to excessive use of technology

(e.g. computers and television) which was used while in a sedentary position.

+*» The real-end users found it difficult to link their physical problems to the frequent use of

technology, while not understanding this as harmful. In addition, they claimed that technology
does more harm to young people. This point indicates an advantage providing hope that the
SIT LESS system can provide a good intervention, and encourage the real-end users to reduce

their sedentary behaviors.
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Based on the focus group, interviews and observations it can be concluded there is a great interest
in the system's concept among the real end-users. They appreciate the concept of the system and
many of them are interested in the system. Therefore, further improvement and development of

the system is worthwhile.

8.2 Recommendations for Further Research

A modified SIT LESS system based on the above conclusions should be designed. Future research
should investigate the acceptance of the SIT LESS system among the end-users by extended

usability studies.

Properties of the system that should be preserved:
¢ The concept and overall structure of the system.
+* Feedback at the end of the day that summarizes the user's activity.

¢ An alert when the user sits too long.

Suggestions for improving the system include the following ideas:

+* The sensor is stationary and limited in field of view; a different sensor or a sensor that could
follow the user should be considered (e.g., a sensor on a robot follower).

+* The Fitbit Charge HR watch display of the number of the steps was too small for the users; the
current watch should be replaced with a larger display pedometer or automatically acquire the
related data to the computer whenever the user is within field of view.

+» The system’s screen was recommended to be placed away from the user, in a manner that
would cause them to stand up and move in order to reach it.

< The summarized activity feedback should be extended to include the individual progress
relative to last day/week/month.

% It was suggested to add healthy diet recommendations.

¢ Deeper understanding of the target population's preferences is needed to ensure best fit
feedback. A future system should consider a personalized feedback. However, it must be noted
that this important issue should be examined through extended system evaluation.

++ The persuasive technologies literature should be explored to examine how to motivate and

encourage the older adults to be more active and instill a change of behavior from sedentary to

more active.
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Suggestions for upgrades to the system:

** Re-examine the system's current technologies and consider up-to-date upgrades and
technologies. It is recommended to consider the employment of other sensors, instead of or in
addition to the existing ones. Alternatively, a new system configuration can be designed such as
implementing the SITLESS concept on an advanced sport watch or tablet\smartphone app.

+* The position identification algorithm was empirically developed. Therefore, it is recommended
to re-examine the features selected for position identification and to re-examine the order of
identifying positions in the algorithm. In addition, an updated review of algorithms in the field
might yield better fit algorithms.

¢ In parallel to this thesis, two prototype games to encourage the older adult to be physically
active were developed (Shulman and Sela, 2016; Zalait and Zalait, 2016). Examinations of the
developed prototype games with the target population were conducted. Both examinations
revealed that the target population is interested in the games and these games are suitable and
intuitive for them. In addition, the games created a competitive urge for the participants, which

caused them want to play more. As part of the further research and system upgrade, we

recommend to connect these two games to the SIT LESS system and further develop these.

Future studies involving the target population, should include additional focus groups to strengthen
the understanding of the target population's needs and preferences. An extended experiment to
investigate the acceptance and usability of the system by the users should be conducted. The

following is a detailed explanation for such a suggested experiment.

Experimental plan to evaluate a new SIT LESS system
Participants

e Older adults over the age of 65
e At least ten older adults
e Living alone at home independently
e Good health with adequate mobility performance
e Have normal cognitive and mental conditions
Procedure
The first step should be an examination if the participant meets the criteria. In order to screen out

participant with possible cognitive and mental decline due to aging, the participant should

performed the mini-mental evaluation test (MME; Folstein et al., 1975). In addition, in order to filter
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participants in good health with adequate mobility performance, common tests such as Tinetti
(1986) should be performed (Tinetti, 1986).

After ensuring the older adult meets all the studie’s criteria, the system should be installed in the
home of older adults for an extended period, at least 7 days. The system should operate
continuously and automatically, while the older adult continues his/her routine behavior. We
recommend meeting with a physical therapy professional to define the targets of physical activity
of the older adult, based on their capabilities and health condition. Adjustments in the system
should be made in accordance to these targets. In addition, it should be made possible to control
the system remotely, in order to examine proper working conditions. Alternatively, a visit at the
older adult’s home once a day could be done along the experiment.

Two interviews should be performed with the older adult. The first interview should be conducted
prior to starting the experiment and the second at the end. The purpose of the first interview is to
gather demographic details and information about their lifestyle with a focus on physical activity
(similar to the interview in our research). The aim of the second interview is to receive information
about user’s preferences about the system and their interaction (similar to the interview in our
research which should be modified to the new system). The second interview will also include a
standardized questionnaire of technology's acceptance testing and usability.

Measures

Quantitative measures:

1. Results of the MMS.

2. Mean and standard deviation ranking of the interview questions.

3. Mean and standard deviation of the technology's acceptance questions.

4. Mean and standard deviation of the usability questions.

5. System’s data on the physical activity level:

°  Daily activity level

° Cumulative time of each of the different positions (standing, sitting and laying down) and
outside the field of view of the sensor.

°  Number of daily steps and their percent of the daily target.

°  Number of transitions from a sitting to standing position and their percent of the daily

target.

Mean and standard deviation of the daily heart rate

Qualitative measures:
1. Lifestyle —understanding the lifestyle of the participants, and how they manage it.
2. Recommendations and comments of the users — what would be preserved and what would be
improved in the system, and additional general comments obtained.
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10. Appendices

Appendix A — The procedure of the focus group
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Appendix B — Focus group transcription
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Appendix C — Focus group analysis — open coding
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Appendix D - Focus group analysis — axial coding
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Appendix E - The results of the positions algorithm experiment

Participant Participant Standing Number Success Sitting Number Success Laying Number @ Success Total

Number height Position of Rate  Position of Rate Down of Rate Success
successes successes Position = successes Rate
1 157 7 7 100% 10 10 100% 3 0 0% 67%
2 172 8 8 100% 11 11 100% 3 1 33% 78%
3 175 6 6 100% 5 5 100% 3 3 100% 100%
4 180 5 5 100% 8 8 100% 2 2 100% 100%
5 180 4 4 100% 5 5 100% 2 2 100% 100%
6 180 4 4 100% 5 5 100% 2 2 100% 100%
7 172 11 11 100% 18 18 100% 9 9 100% 100%
8 174 6 6 100% 7 7 100% 4 4 100% 100%
9 178 5 5 100% 6 6 100% 3 3 100% 100%
10 164 5 5 100% 5 5 100% 2 2 100% 100%
11 167 8 8 100% 9 9 100% 2 2 100% 100%
12 177 11 11 100% 12 12 100% 3 3 100% 100%
13 165 7 7 100% 9 9 100% 2 2 100% 100%
14 173 7 7 100% 9 9 100% 3 3 100% 100%
15 178 5 5 100% 6 6 100% 2 2 100% 100%
Mean 172.8 6.6 6.6 1 8.3 8.3 1 3 2.7 89% 96%
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Appendix F - Interviews and observations procedure - first round
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Appendix G — Documentation of the participants' interviews - first round
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Appendix H — Interviews and observations procedure - second round
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Appendix | — Documentation of the participants' interviews - second round
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AppendixJ - Histograms of the interview questions - first round
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Appendix K — Histograms of the interview questions — second round
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Appendix L — Code documentation

Main Window Display
using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Diagnostics;

using System.Globalization;

using System.IO;

using System.Windows;

using System.Windows.Media;

using System.Windows.Media.Imaging;
using System.Windows.Media.Media3D;
using Microsoft.Kinect;

using System.Text;

using System.Timers;

using System.Speech;

using System.Speech.Synthesis;
using System.Speech.AudioFormat;
using System.Drawing;

using System.Drawing.Design;

using Nevron.Chart;

using Nevron.Chart.WinForm;

using System.Windows.Media.Effects;
using Nevron.GraphicsCore;

using Nevron.Chart.Windows;

using Nevron.Chart.Wpf;

using Nevron.Dom;

using Nevron;

namespace Microsoft.Samples.Kinect.BodyBasics
{
public enum TaskAction
{
StartMeasure,
StopMeasure,
ShowVideo,
ShowPicture,
PlayMusic,
ShowFeedback,
ShowInfo,
ShowExercise,
ShowActivity,
SwitchingRecommendations,
UpdateClock,
EndOfDay

}

public partial class MainWindow : Window

{
public static TimeSpan totalNotInFrameTime;
public static TimeSpan totalStandingTime;
public static TimeSpan totalSittingTime;
public static TimeSpan totalLyingTime;
public static TimeSpan StatusTime;

/// Active Kinect sensor
private KinectSensor kinectSensor = null;

/// Coordinate mapper to map one type of point to another
private CoordinateMapper coordinateMapper = null;

/// Reader for body frames
private BodyFrameReader bodyFrameReader = null;

/// Array for the bodies
private Body[] bodies = null;
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public static int lastMovie;
public static int lastPicture;
public static int lastMusic;
public static int lastExercise;

public static string PathVoice = System.IO.Path.Combine(Environment.CurrentDirectory,
"Voice");

public static int ActivityCounter;
public static int SpendingTimeCounter;
public static int MedicalCounter;
public static int SleepCounter;

public static int CookingCounter;

public List<Tuple<TimeSpan, TimeSpan, TaskAction>> tasksList;
public List<System.Threading.Timer> timers;
public Dictionary<DateTime, TimeSpan[]> statistics;

public string Status;
public int lastReco;
public static int ReminderType = -1;

// Calibration

public static double CAMERA_HEIGHT = 0.8;

public static double SedentaryTIME = 1;

public static double NotInFrameTIME = 1;

public static double SwitchingRecommendationsTIME = 1;
public static double ShowExerciseTIME = 3;

// Steps

public static int StepsNum;

public static int StepsBaseline = 7000;
public static double StepsProgress;

// Transitions

public static int StandingNum;

public static int StandingTraBaseline = 24;
public static double StandingTraProgress;

// Progress Bar Value
public static double progressBarValue;

// Timers

private Timer bodyFrameTime;
private Timer ExeTimer;
private Timer SedentaryTimer;

/// Initializes a new instance of the MainWindow class.

public MainWindow()

{
NLicense license = new NLicense("ea99ab26-0200-0d24-0b01-1799¢708006T");
NLicenseManager.Instance.SetLicense(license);
NLicenseManager.Instance.LockLicense = true;

// one sensor is currently supported
this.kinectSensor = KinectSensor.GetDefault();

// get the coordinate mapper
this.coordinateMapper = this.kinectSensor.CoordinateMapper;

// get the depth (display) extents
FrameDescription frameDescription =
this.kinectSensor.DepthFrameSource.FrameDescription;

// open the reader for the body frames
this.bodyFrameReader = this.kinectSensor.BodyFrameSource.OpenReader();



// open the sensor
this.kinectSensor.Open();

// initialize the components (controls) of the window
this.InitializeComponent();

// Clock
ClockTextBlock.Text = DateTime.Now.ToString("HH:mm");
// Timers
bodyFrameTime = new Timer();
ExeTimer = new Timer(); // for show exe function
SedentaryTimer = new Timer(); // for show Sedentary function

statistics = new Dictionary<DateTime, TimeSpan[]1>();
tasksList = new List<Tuple<TimeSpan, TimeSpan, TaskAction>>();

// CLOCK
tasksList.Add(Tuple.Create(DateTime.Now.TimeOfDay.Add(TimeSpan.FromSeconds (@
)), TimeSpan.FromSeconds(10), TaskAction.UpdateClock));

// Switching Recommendations

tasksList.Add(Tuple.Create(DateTime.Now.TimeOfDay.
Add(TimeSpan.FromSeconds(0@)),
TimeSpan.FromMinutes(SwitchingRecommendationsTIME),
TaskAction.SwitchingRecommendations));

// ---- For demonstration ----

tasksList.Add(Tuple.Create(DateTime.Now.TimeOfDay.
Add(TimeSpan.FromSeconds(®0)),
TimeSpan.FromMinutes(SwitchingRecommendationsTIME),
TaskAction.SwitchingRecommendations));

timers = new List<System.Threading.Timer>();

// ---- Full day ----

tasksList.Add(Tuple.Create(TimeSpan.Parse("18:00"), TimeSpan.FromHours(24),
TaskAction.StartMeasure));

tasksList.Add(Tuple.Create(TimeSpan.Parse("19:00"), TimeSpan.FromHours(24),
TaskAction.StopMeasure));

tasksList.Add(Tuple.Create(TimeSpan.Parse("22:00"), TimeSpan.FromHours(24),
TaskAction.EndOfDay));

}

/// Execute start up tasks
private void MainWindow_Loaded(object sender, RoutedEventArgs e)

{
if (this.bodyFrameReader != null)
{
this.bodyFrameReader.FrameArrived += this.Reader_FrameArrived;
}

bodyFrameTime.Elapsed += bodyFrameTime_Elapsed;
bodyFrameTime.Interval = 1 * 1; // In milliseconds
bodyFrameTime.Start();

foreach (var tuple in taskslList)

{
TimeSpan nextPeriod = DateTime.Now.TimeOfDay - tuple.Iteml;
if (nextPeriod < TimeSpan.Zero) nextPeriod = nextPeriod.Negate();
var timer = new System.Threading.Timer(new
System.Threading.TimerCallback(tasksTimer_Elapsed), tuple.Item3,
nextPeriod, tuple.Item2);
timers.Add(timer);

}

progressBar.Minimum = 0;

progressBar.Maximum = 100;
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NumOfSteps_TextBlock.Text = StepsBaseline.ToString();
NumOfTra_TextBlock.Text = StandingTraBaseline.ToString();

}

private void tasksTimer_Elapsed(object task)
{
TaskAction lastTask = (TaskAction)task;
switch (lastTask)
{
case TaskAction.StartMeasure:
MessageBox.Show("StartMeasure");
break;

case TaskAction.ShowVideo:
ShowVideoForm();
break;

case TaskAction.ShowPicture:
ShowPictureForm();
break;

case TaskAction.PlayMusic:
ShowMusiceForm();
break;

case TaskAction.ShowFeedback:
ShowFeedbackForm();
break;

case TaskAction.ShowInfo:
ShowInfoForm();
break;

case TaskAction.ShowExercise:
TaskShowExercise();
break;

case TaskAction.StopMeasure:
MessageBox.Show("StopMeasure");
break;

case TaskAction.SwitchingRecommendations:
TaskRecommendations();
break;

case TaskAction.UpdateClock:
UpdateClockDisplay();
break;

case TaskAction.EndOfDay:
TaskEndOfDay();
break;

default:
MessageBox.Show("Every thing else");
break;

}

private void TaskEndOfDay()
{

TimeSpan[] times = { totalNotInFrameTime, totalStandingTime, totalSittingTime,

totalLyingTime };
statistics.Add(DateTime.Now.Date, times);
totalNotInFrameTime = TimeSpan.Zero;
totalStandingTime = TimeSpan.Zero;
totalSittingTime = TimeSpan.Zero;
totalLyingTime = TimeSpan.Zero;
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StatusTime =
StepsNum = 0;
StandingNum = ©;

TimeSpan.Zero;

ActivityCounter = 0;
SpendingTimeCounter = 0;

MedicalCounter = 9;
SleepCounter = 0;
CookingCounter = 0;

}

// Replaces recommendations that displayed on the window
private void TaskRecommendations()

{
this.Dispatcher.Invoke(new Action(delegate
{
// The Recommendations:
switch (lastReco)
{
case O:
RecommendationsTextBlock.Text = " \"X? mwn ¥in 237, 2pwna, N1Pya MIR2T N
M2 oW, AR OTTIX M0 Mwyh mys no1on g2 conwoo\t U
break;
case 1:
RecommendationsTextBlock.Text = " \"y%am 72¥% mno® 30 mp7 5w m»vs N0
nyya onnn, M1 o1 or\t U
break;
case 2:
RecommendationsTextBlock.Text = " \"y2mm m2>yow o 2%wn P M 2w
DMYYD, MY DM WD MNna, mMa e e dpun\"
break;
case 3:
RecommendationsTextBlock.Text = " \"2wn o¥n¥? nX 1 ypwnn 720w pao? s
oo\
break;
case 4:
RecommendationsTextBlock.Text = " \"y%am 7we> 10000-7000 2°7ve ova, mnob
3000 o> N azpa oo\t U
break;
case 5:
RecommendationsTextBlock.Text = " \"y2mm mno? o»n1 ¥awa y¥a? mws pirn
wh g\ "
break;
default:
RecommendationsTextBlock.Text = " \"X? mwn yin 237, 2pwna, N1Pya MIRS2AT N
M2 oW, AR OTTIX M0 Mwyh mys no1on g2 conwoo\"t U
break;
}
// Start from the begining if we viewed all the recommendations
lastReco++;
lastReco %= 5;
D)
}

public bool indexExeRem = true; // Variable that determines the color
public int ExeRemCount = @; // Counter stop the timer
// Displays a reminder to perform exercise
private void TaskShowExercise()
{
this.Dispatcher.Invoke(new Action(delegate
{
ExerciseButton.Visibility = Visibility.Visible;
ExerciseButton.Background new SolidColorBrush(Colors.LightCoral);
ExerciseButton.Foreground = new SolidColorBrush(Colors.White);

s

// Change color of the exercise button
ExeTimer.Elapsed += ExeTimer_Elapsed;
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ExeTimer.Interval = 1 * 1000; // In milliseconds
ExeTimer.Start();

}
private void ExeTimer_Elapsed(object sender, ElapsedEventArgs e)
{
if (ExeRemCount++ == 20)
{
ExeTimer.Stop();
this.Dispatcher.Invoke(new Action(delegate
{
ExerciseButton.Visibility = Visibility.Collapsed;
1)
else
{
this.Dispatcher.Invoke(new Action(delegate
{
if (indexExeRem == true)
{
ChangeColorExerciseButton(true);
indexExeRem = false;
}
else
{
ChangeColorExerciseButton(false);
indexExeRem = true;
}
1)
}
}

// Change color for the exercise button
private void ChangeColorExerciseButton(bool Change)

{
this.Dispatcher.Invoke(new Action(delegate
{
if (Change)
ExerciseButton.Background = new SolidColorBrush(Colors.LightPink);
ExerciseButton.Foreground = new SolidColorBrush(Colors.Black);
}
else
{
ExerciseButton.Background = new SolidColorBrush(Colors.LightCoral);
ExerciseButton.Foreground = new SolidColorBrush(Colors.White);
}
1)
// Clock
private void UpdateClockDisplay()
{
this.Dispatcher.Invoke(new Action(delegate
{
ClockTextBlock.Text = DateTime.Now.ToString("HH:mm");
1)

//----// Positions identification algorithm //----//
private void bodyFrameTime_Elapsed(object sender, ElapsedEventArgs e)
{
// Make sure we have a body frame, if not we will not save the frame
if (this.bodies == null || this.bodies.Length == @) return;
TimeSpan currentInterval = TimeSpan.FromMilliseconds(bodyFrameTime.Interval);
Body currentBodyFrame = null;
foreach (Body body in this.bodies)

{
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if (body.IsTracked)

{
currentBodyFrame = body;
break;

[[=mmmmmmmm- /// Case of Not in Frame ///---------- //
if (currentBodyFrame == null || currentBodyFrame.IsTracked == false)
{
// Calculation of cumulative time of current status
if (Status == "NotInFrame") StatusTime += currentInterval;
else StatusTime = TimeSpan.Zero;

Status = "NotInFrame"; // Saving the current status
totalNotInFrameTime += currentInterval; // Calculates the total time for this case

ShowingImages(); // Display image at the window

/]=======--- /// Case of Lying ///---------- /1
else if (CheckIfLying(currentBodyFrame))

{

// Display info form, if the user returned to the frame and time has passed
if (Status == "NotInFrame" && StatusTime.TotalMinutes > NotInFrameTIME)
{

StatusTime = TimeSpan.Zero;

ShowInfoForm();

//If sitting / lying over 30 minutes, will hear a beep
if ((Status == "Sitting" || Status == "Lying") && StatusTime.TotalMinutes >
SedentaryTIME)

{
Sedentary();

StatusTime = TimeSpan.Zero;

}

// Calculation of cumulative time of current status
if (Status == "Sitting" || Status == "Lying") StatusTime += currentInterval;
else StatusTime = TimeSpan.Zero;

Status = "Lying"; // Saving the current status
totalLyingTime += currentInterval; // Calculates the total time for this case

ShowingImages(); // Display image at the window

[[=======- /// Case of Sitting ///---------- //
else if (CheckIfSitting(currentBodyFrame))

{

// Display number info form, if the user returned to the frame and time has passed
if (Status == "NotInFrame" && StatusTime.TotalMinutes > NotInFrameTIME)
{

StatusTime = TimeSpan.Zero;

ShowInfoForm();

}

//If sitting / lying over 30 minutes, will hear a beep
if ((Status == "Sitting" || Status == "Lying") && StatusTime.TotalMinutes >
SedentaryTIME)

{
Sedentary();
StatusTime = TimeSpan.Zero;

}
// Calculation of cumulative time of current status
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if (Status == "Sitting" || Status == "Lying") StatusTime += currentInterval;
else StatusTime = TimeSpan.Zero;

Status = "Sitting"; // Saving the current status
totalSittingTime += currentInterval; // Calculates the total time for this case

ShowingImages(); // Display image at the window

// Display number info form, if the user returned to the frame and time has passed
if (Status == "NotInFrame" && StatusTime.TotalMinutes > NotInFrameTIME)
{

StatusTime = TimeSpan.Zero;

ShowInfoForm();

}

// Calculation of cumulative time of current status

if (Status == "Standing") StatusTime += currentInterval;

else

{
StatusTime = TimeSpan.Zero;
// Saving the number of times the user lifted into a standing position
StandingNum += 1;

}

Status = "Standing"; // Saving the current status
totalStandingTime += currentInterval; // Calculates the total time for this case

ShowingImages(); // Display image at the window
}
Fill ProgressBar();

}

// Fill of progress bar - Activity Level Measure
private void Fill_ProgressBar()

{

this.Dispatcher.Invoke(new Action(delegate
{
// Steps Progress
StepsProgress = (double)StepsNum / (double)StepsBaseline;
// Standing Transitins Progress
StandingTraProgress = (double)StandingNum / (double)StandingTraBaseline;
// A formula that calculates the daily activity level
progressBarValue = 0.5 * (Math.Min(100*StepsProgress, 100) +
Math.Min(1@0*StandingTraProgress, 100));
progressBar.Value = progressBarValue;
// Presentation of percentages in the progress bar
ProgressBarText.Text = (Math.Round(progressBar.Value)).ToString() + "%";

s
}

// Variables for Sedentary function:

System.Media.SoundPlayer PlayerAlarm = new System.Media.SoundPlayer();

public bool indexSedentaryRem; // Variable index that determines the display

public int SedentaryRemCount; // Counter stop the timer

public bool SedentaryVoice; // Variable that determines if the display is with voice

private void Sedentary()

{

indexSedentaryRem = true;
SedentaryVoice = false;
SedentaryRemCount = 9;

this.Dispatcher.Invoke(new Action(delegate

{
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AlarmClockImage.Visibility = Visibility.Visible;
RedTextBox.Visibility = Visibility.Visible;
1)

SedentaryTimer.Elapsed += SedentaryTimer_Elapsed;
SedentaryTimer.Interval = 1.5 * 1000; // In milliseconds
SedentaryTimer.Start();

}
private void Sedentary2()
{
indexSedentaryRem = true;
SedentaryRemCount = 0;
PlayerAlarm.SoundLocation = MainWindow.PathVoice + "/AlarmSound.wav";
PlayerAlarm.PlayLooping();
SedentaryVoice = true;
this.Dispatcher.Invoke(new Action(delegate
{
AlarmClockImage.Visibility = Visibility.Visible;
RedTextBox.Visibility = Visibility.Visible;
1)
SedentaryTimer.Elapsed += SedentaryTimer_Elapsed;
SedentaryTimer.Interval = 1.5 * 1000; // In milliseconds
SedentaryTimer.Start();
}
private void Sedentary3()
{
indexSedentaryRem = true;
SedentaryRemCount = 0;
PlayerAlarm.SoundLocation = MainWindow.PathVoice + "/You_are_not_active.wav";
PlayerAlarm.PlayLooping();
SedentaryVoice = true;
this.Dispatcher.Invoke(new Action(delegate
{
AlarmClockImage.Visibility = Visibility.Visible;
RedTextBox.Visibility = Visibility.Visible;
1)
SedentaryTimer.Elapsed += SedentaryTimer_Elapsed;
SedentaryTimer.Interval = 1.5 * 1000; // In milliseconds
SedentaryTimer.Start();
}

private void SedentaryTimer_Elapsed(object sender, ElapsedEventArgs e)

{
if (SedentaryRemCount++ == 15)

{
SedentaryTimer.Stop();
if (SedentaryVoice) PlayerAlarm.Stop();
this.Dispatcher.Invoke(new Action(delegate
{
AlarmClockImage.Visibility = Visibility.Collapsed;
RedTextBox.Visibility = Visibility.Collapsed;
I3DE
}
else
{
this.Dispatcher.Invoke(new Action(delegate
{
if (indexSedentaryRem == true)
{

ShowingRedClock(true);
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}

s

}

else

{

indexSedentaryRem = false;

ShowingRedClock(false);
indexSedentaryRem = true;

private void ShowingRedClock(bool SHOW)

{

}

this.Dispatcher.Invoke(new Action(delegate

{

)

if (

SHOW) AlarmClockImage.Visibility = Visibility.Visible;
else AlarmClockImage.Visibility = Visibility.Collapsed;

private void ShowingImages()

{

this.Dispatcher.Invoke(new Action(delegate

{

switch (Status)

{

case

case

case

case

"Standing":
// Display at the window:
StandingImage.Visibility = Visibility.Visible;
SmileyImage.Visibility = Visibility.Visible;
SittingImage.Visibility = Visibility.Collapsed;
LayingDownImage.Visibility = Visibility.Collapsed;
FitbitImage.Visibility = Visibility.Collapsed;
break;

"Sitting":
// Display at the window:
StandingImage.Visibility = Visibility.Collapsed;
SmileyImage.Visibility = Visibility.Collapsed;
SittingImage.Visibility = Visibility.Visible;
LayingDownImage.Visibility = Visibility.Collapsed;
FitbitImage.Visibility = Visibility.Collapsed;
break;

"Lying":
// Display at the window:
StandingImage.Visibility = Visibility.Collapsed;
SmileyImage.Visibility = Visibility.Collapsed;
SittingImage.Visibility = Visibility.Collapsed;
LayingDownImage.Visibility = Visibility.Visible;
FitbitImage.Visibility = Visibility.Collapsed;
break;

"NotInFrame":
// Display at the window:
StandingImage.Visibility = Visibility.Collapsed;
SmileyImage.Visibility = Visibility.Collapsed;
SittingImage.Visibility = Visibility.Collapsed;
LayingDownImage.Visibility = Visibility.Collapsed;
FitbitImage.Visibility = Visibility.Visible;
break;

default:

// Display at the window:

StandingImage.Visibility = Visibility.Collapsed;
SmileyImage.Visibility = Visibility.Collapsed;
SittingImage.Visibility = Visibility.Collapsed;
LayingDownImage.Visibility = Visibility.Collapsed;
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FitbitImage.Visibility = Visibility.Collapsed;
break;
}
1)
}

/// Execute shutdown tasks
private void MainWindow_Closing(object sender, CancelEventArgs e)

{
if (this.bodyFrameReader != null)
// BodyFrameReader is IDisposable
this.bodyFrameReader.Dispose();
this.bodyFrameReader = null;
}
if (this.kinectSensor != null)
{
this.kinectSensor.Close();
this.kinectSensor = null;
}
}

/// Handles the body frame data arriving from the sensor
private void Reader_FrameArrived(object sender, BodyFrameArrivedEventArgs e)

{

using (BodyFrame bodyFrame = e.FrameReference.AcquireFrame())
if (bodyFrame != null)

if (this.bodies == null)
{

}

// The first time GetAndRefreshBodyData is called, Kinect will allocate each
Body in the array.

// As long as those body objects are not disposed and not set to null in the
array

// those body objects will be re-used.

bodyFrame.GetAndRefreshBodyData(this.bodies);

this.bodies = new Body[bodyFrame.BodyCount];

}
}
}
private bool CheckIfSitting(Body body)
{

double spinelLength; // Length of the Spine

double thighLenght; // Length of the Thing

double relativeShouldersHeight; // Relative height of the Shoulders

double measuredShouldersHeight; // Measured height of the Shoulders

double theoreticalShouldersHeight; // Theoretical height of the Shoulders -

Theoretical formulas

spinelLength = CalculateDistance(body.Joints[JointType.SpineShoulder].Position,
body.Joints[JointType.SpineBase].Position); // Calculate the length of the Spine
using the data of the kinect through the function CalculateDistance

thighLenght = spinelLength * (0.245 / 0.288); // Calculate the length of the thigh
using theoretical formulas (Based on the length of the spine)

relativeShouldersHeight = body.Joints[JointType.SpineShoulder].Position.Y; //
Calculate the relative height of the Shoulders using the data of the kinect -
using only the Y axis

measuredShouldersHeight = CAMERA_HEIGHT + relativeShouldersHeight; // Calculate the

measured height of the Shoulders using the constant CAMERA_HEIGHT and
relativeShouldersHeight
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}

theoreticalShouldersHeight = spinelLength * (0©.818 / ©.288); // Calculate the
theoretical height of the Shoulders by using theoretical formulas (Based on the
length of the spine)

// Checking if Sitting - The function returns true and false in accordance
// Checks the ratio between the length of the Thing and the difference of theoretical
and measured height of the Shoulders
if (thighLenght / Math.Abs(theoreticalShouldersHeight - measuredShouldersHeight) <
0.5)

{

return true;
}
else
{

return false;
}

private bool CheckIfLying(Body body)

{

}

{

}

{

}

{

double spineLength; // Length of the Spine
double spineHeight; // Height of the Spine

spineLength = CalculateDistance(body.Joints[JointType.SpineShoulder].Position,
body.Joints[JointType.SpineBase].Position); // Calculate the length of the Spine
using the data of the kinect through the function CalculateDistance

spineHeight = Math.Abs(body.Joints[JointType.SpineShoulder].Position.Y -
body.Joints[JointType.SpineBase].Position.Y); // Calculate the height of the Spine
using only the Y axis

// Checking if Lying - The function returns true and false in accordance
// Check the ratio between the length and height
if (spineHeight / spinelLength < 0.5)

{

return true;
}
else
{

return false;
}

private double CalculateDistance(CameraSpacePoint pl, CameraSpacePoint p2)
// This function calculate the real distance between two points in space

return Math.Sqrt(Math.Pow((pl.X - p2.X), 2) + Math.Pow((pl.Y - p2.Y), 2) +
Math.Pow((pl.Z - p2.2), 2));

private void ShowInfoForm()

this.Dispatcher.Invoke(new Action(delegate

{

Info inf = new Info();
inf.Show();

)

private void ShowVideoForm()

this.Dispatcher.Invoke(new Action(delegate

{

Video vid = new Video();
vid.Show();
D)
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private void ShowNumOfStepsForm()

{
this.Dispatcher.Invoke(new Action(delegate
{
NumOfSteps NumOfSteps = new NumOfSteps();
NumOfSteps.Show();
1)
}
private void ShowSettingsForm()
{
this.Dispatcher.Invoke(new Action(delegate
{
Settings Set = new Settings();
Set.Show();
1)
}
private void ShowFeedbackForm()
{
this.Dispatcher.Invoke(new Action(delegate
{
Feedback Feed = new Feedback();
Feed.Show();
1)
}
private void ShowExerciseForm()
{
this.Dispatcher.Invoke(new Action(delegate
{
Exercise Exe = new Exercise();
Exe.Show();
1)
}
private void ShowMusiceForm()
{
this.Dispatcher.Invoke(new Action(delegate
{
Musice Mus = new Musice();
Mus.Show();
s
}
private void ShowPictureForm()
{
this.Dispatcher.Invoke(new Action(delegate
{
Picture pic = new Picture();
pic.Show();
s
}
private void Feedback_Button_Click(object sender, RoutedEventArgs e)
{
Feedback Feed = new Feedback();
Feed.Show();
}
private void Step_Button_Click(object sender, RoutedEventArgs e)
{
NumOfSteps NumOfSteps = new NumOfSteps();
NumOfSteps.Show();
}

private void Video_Button_Click(object sender, RoutedEventArgs e)

{
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Video vid = new Video();
vid.Show();

}

private void Picture_Button_Click(object sender, RoutedEventArgs e)
{

Picture pic = new Picture();

pic.Show();
}

private void Music_Button_Click(object sender, RoutedEventArgs e)
{

Musice Mus = new Musice();

Mus.Show();

}

private void voice(object sender, RoutedEventArgs e)

{
SpeechSynthesizer speech = new SpeechSynthesizer();
speech.SelectVoiceByHints(VoiceGender.Female);
speech.Speak("Good morning, hope you slept well and you're ready for a new day");

}

private void SettingsButton_Click(object sender, RoutedEventArgs e)

{
Fill_ProgressBar();

Settings set = new Settings();
set.ShowDialog();

// Update Baseline
NumOfSteps_TextBlock.Text = StepsBaseline.ToString();
NumOfTra_TextBlock.Text = StandingTraBaseline.ToString();

// Reminder will be displayed depending on the user's selection
switch (ReminderType)
{
case @:
TaskShowExercise();
break;

case 1:
Sedentary();
break;

case 2:
Sedentary2();
break;

case 3:
Sedentary3();
break;

default:
break;

}

ReminderType = -1;
}

private void ExerciseButton_Click(object sender, RoutedEventArgs e)

{

Exercise Exe = new Exercise();
Exe.Show();
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Feedback Window Display
using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Diagnostics;

using System.Globalization;

using System.IO;

using System.Windows;

using System.Windows.Media;

using System.Windows.Media.Imaging;
using System.Windows.Media.Media3D;
using Microsoft.Kinect;

using System.Text;

using System.Timers;

using System.Speech;

using System.Speech.Synthesis;
using System.Speech.AudioFormat;
using System.Drawing;

using System.Drawing.Design;

using Nevron.Chart;

using Nevron.Chart.WinForm;

using System.Windows.Media.Effects;
using Nevron.GraphicsCore;

using Nevron.Chart.Windows;

using Nevron.Chart.Wpf;

using Nevron.Dom;

using Nevron;

namespace Microsoft.Samples.Kinect.BodyBasics
{
public partial class Feedback : Window
{
public Feedback()
{
NLicense license = new NLicense("ea99ab26-0200-0d24-0b01-1799c708006F");
NLicenseManager.Instance.SetLicense(license);
NLicenseManager.Instance.LockLicense = true;
InitializeComponent();
Show_PieChart();
Show_Information();
StepsProgressBar.Minimum
StepsProgressBar.Maximum
Show_ProgressBars();

0;
100;

}

private void Show_ProgressBars()
{
// Steps Progress Bar:
StepsProgressBar.Value = 100 * MainWindow.StepsProgress;
// Percentages in the progress bar
StepsPB_TextBox.Text = (Math.Round(StepsProgressBar.Value)).ToString() + "%";

// Standing Progress Bar:

StandingProgressBar.Value = 100 * MainWindow.StandingTraProgress;

// Percentages in the progress bar

StandingPB_TextBox.Text = (Math.Round(StandingProgressBar.Value)).ToString() + "%";

}

private void Show_PieChart()

{
PieChart.Panels.Clear();

PieChart.BackgroundStyle.FrameStyle.Visible = false;
// Draw our chart!

PieChart.Controller.Tools.Add(new NSelectorTool());
PieChart.Controller.Tools.Add(new NTrackballTool());
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NPieChart chart = new NPieChart();

PieChart.Charts.Clear();

PieChart.Charts.Add(chart);

chart.Width = 70;

chart.Depth = 10;
chart.Projection.SetPredefinedProjection(PredefinedProjection.PerspectiveElevated);
chart.LightModel.SetPredefinedLightModel(PredefinedLightModel.ShinyCameralLight);

NPieSeries pie = (NPieSeries)chart.Series.Add(SeriesType.Pie);
pie.PieStyle = PieStyle.Pie;

pie.DatalLabelStyle.Format = "<percent> <label>";

pie.DatalLabelStyle.TextStyle.FontStyle = new NFontStyle("Segoe UI", 16,
System.Drawing.FontStyle.Bold); ;

pie.PercentValueFormatter = new NNumericValueFormatter(NumericValueFormat.Percentage);

pie.AddDataPoint(new NDataPoint(MainWindow.totalSittingTime.Ticks, string.Format("
)3

pie.AddDataPoint(new NDataPoint(MainWindow.totalLyingTime.Ticks, string.Format("
725w")));

pie.AddDataPoint(new NDataPoint(MainWindow.totalStandingTime.Ticks, string.Format("
RI")));

pie.AddDataPoint(new NDataPoint(MainWindow.totalNotInFrameTime.Ticks, string.Format(
X7 X¥P1")));

// apply style sheet

NStyleSheet styleSheet =
NStyleSheet.CreatePredefinedStyleSheet(PredefinedStyleSheet.FreshMultiColor);

styleSheet.Apply(PieChart.Document);

PieChart.Refresh();

PieChart.Visibility = Visibility.Visible;

}
private void Show_Information()
{
// update the number of times the user lifted into a standing position
StandingNumTextBlock.Text = MainWindow.StandingNum.ToString();
// update the number of steps
NumOfStepsTextBlock.Text = MainWindow.StepsNum.ToString();
// update total times
StandingTextBlock.Text = MainWindow.totalStandingTime.ToString(@"mm\:ss");
SittingTextBlock.Text = MainWindow.totalSittingTime.ToString(@"mm\:ss");
LyingTextBlock.Text = MainWindow.totalLyingTime.ToString(@"mm\:ss");
NotInFrameTextBlock.Text = MainWindow.totalNotInFrameTime.ToString(@"mm\:ss");
}
private void GoBackButton_Click(object sender, RoutedEventArgs e)
{
this.Close();
}
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Exercise Window Display
using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

using System.Windows;

using System.Windows.Controls;
using System.Windows.Data;

using System.Windows.Documents;
using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Imaging;
using System.Windows.Shapes;

using System.Timers;

using System.IO;

namespace Microsoft.Samples.Kinect.BodyBasics
{
public partial class Exercise : Window
{
static string EXERCISE_PATH = System.IO.Path.Combine(Environment.CurrentDirectory,
"Exercise");
FileInfo[] exerciseFiles;
private Timer exerciseTimer;

public Exercise()

{
InitializeComponent();
FindExerciseFiles();
exerciseTimer = new Timer();
ShowExercise();

}

public void FindExerciseFiles()

{
// Get the directory with all the videos

DirectoryInfo moviesDirectory = new System.IO.DirectoryInfo(EXERCISE_PATH);

// Get the video file list from the directory, excluding a specific extension
exerciseFiles = moviesDirectory.GetFiles().Where(fileInfo =>
fileInfo.Extension.CompareTo(".db") != @).ToArray();

}

private void ShowExercise()

{

// Find the current image
Uri currentVideo = new Uri(exerciseFiles[MainWindow.lastExercise].FullName);

// Change the MediaElement to view the current selected imaged
ExerciseMediaElement.Source = currentVideo;
ExerciseMediaElement.Play();

// Advance to the next video in the direcory
MainWindow.lastExercise++;

// Start from the begining if we viewed all the videos
MainWindow.lastExercise %= exerciseFiles.Length;

exerciseTimer.Elapsed += exerciseTimer_Elapsed;
exerciseTimer.Interval = 30 * 1000; // In milliseconds
exerciseTimer.Start();

}

private void exerciseTimer_Elapsed(object sender, ElapsedEventArgs e)

{
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exerciseTimer.Stop();
this.Dispatcher.Invoke(new Action(delegate

{
this.Close();
1)
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Number of Steps Window Display
using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

using System.Windows;

using System.Windows.Controls;
using System.Windows.Data;

using System.Windows.Documents;
using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Imaging;
using System.Windows.Shapes;

using System.Threading;

namespace Microsoft.Samples.Kinect.BodyBasics

{
public partial class NumOfSteps : Window
{
public NumOfSteps()
{
InitializeComponent();
}
private void PlayVoice()
{
System.Media.SoundPlayer PlayerMp3 = new System.Media.SoundPlayer();
PlayerMp3.SoundLocation = MainWindow.PathVoice + "/NumOfSteps.wav";
PlayerMp3.Play();
}
private void Buttonl_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "1";
}
private void Button2_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "2";
}
private void Button3_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "3";
}
private void Button4_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "4";
}
private void Button5_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "5";
}
private void Button6_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "6";
}
private void Button7_Click(object sender, RoutedEventArgs e)
{
NumStepsTextBox.Text = NumStepsTextBox.Text + "7";
}
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private void Button8_Click(object sender, RoutedEventArgs e)

{ NumStepsTextBox.Text = NumStepsTextBox.Text + "8";
grivate void Button9_Click(object sender, RoutedEventArgs e)
¢ NumStepsTextBox.Text = NumStepsTextBox.Text + "9";

}

private void Button®@_Click(object sender, RoutedEventArgs e)
¢ NumStepsTextBox.Text = NumStepsTextBox.Text + "0";

}

private void NumStepsEnterButton_Click(object sender, RoutedEventArgs e)
{
// Checks if the user entered something
if (!NumStepsTextBox.Text.Equals(""))
{
// Saves the number of steps the user has entered
MainWindow.StepsNum = Int32.Parse(NumStepsTextBox.Text);
}
// Close this window and go back to the main window
this.Close();
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Music Window Display
using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

using System.Windows;

using System.Windows.Controls;
using System.Windows.Data;

using System.Windows.Documents;
using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Imaging;
using System.Windows.Shapes;

using System.IO;

namespace Microsoft.Samples.Kinect.BodyBasics

{
public partial class Music : Window
{
static string MUSIC_PATH = System.IO.Path.Combine(Environment.CurrentDirectory, "Music");
string BackgroundMedia_PATH = System.IO.Path.Combine(Environment.CurrentDirectory);
FileInfo[] musicFiles;
public Musice()
{
InitializeComponent();
FindMusicFiles();
}
public void FindMusicFiles()
{
// Get the directory with all the videos
DirectoryInfo moviesDirectory = new System.IO.DirectoryInfo(MUSIC_PATH);
// Get the video file list from the directory, excluding a specific extension
musicFiles = moviesDirectory.GetFiles().Where(fileInfo =>
fileInfo.Extension.CompareTo(".db") != @).ToArray();
}
private void PlayMusicButton_Click(object sender, RoutedEventArgs e)
{
// ==-==-- Play Music ------
// Find the current fill
Uri currentMusic = new Uri(musicFiles[MainWindow.lastMusic].FullName);
// Change the MediaElement to view the current selected imaged
MusicMediaElement.Source = currentMusic;
MusicMediaElement.MediaEnded += GoBackButton_Click;
// Advance to the next video in the direcory
MainWindow.lastMusic++;
// Start from the begining if we viewed all the videos
MainWindow.lastMusic %= musicFiles.Length;
// ------ Video presentation background ------
// Play Media
BackgroundMediaElement.Play();
}
private void GoBackButton_Click(object sender, RoutedEventArgs e)
{
this.Close();
}
}
}
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Picture Window Display

using
using
using
using
using
using
using
using
using
using
using
using
using
using
using

System

System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.
System.

)
Collections.Generic;
Ling;

Text;
Threading.Tasks;
Windows;
Windows.Controls;
Windows.Data;
Windows.Documents;
Windows.Input;
Windows.Media;
Windows.Media.Imaging;
Windows.Shapes;
Timers;

I0;

namespace Microsoft.Samples.Kinect.BodyBasics

{

public partial class Picture : Window

{

stat

ic string PICTURE_PATH = System.IO.Path.Combine(Environment.CurrentDirectory,

"Picture");

File
priv

publ
{

}

publ
{

}

priv

{

}

priv

{
}

Info[] pictureFiles;
ate Timer pictureTimer;

ic Picture()
InitializeComponent();
FindPictureFiles();
pictureTimer = new Timer();

ic void FindPictureFiles()

// Get the directory with all the videos
DirectoryInfo moviesDirectory = new System.IO.DirectoryInfo(PICTURE_PATH);

// Get the video file list from the directory, excluding a specific extension
pictureFiles = moviesDirectory.GetFiles().Where(fileInfo =>
fileInfo.Extension.CompareTo(".db") != @).ToArray();

ate void ShowPictureButton_Click(object sender, RoutedEventArgs e)

// Find the current image
Uri currentVideo = new Uri(pictureFiles[MainWindow.lastPicture].FullName);

// Change the MediaElement to view the current selected imaged
PictureMediaElement.Source = currentVideo;

// Advance to the next video in the direcory
MainWindow.lastPicture++;

// Start from the begining if we viewed all the videos
MainWindow.lastPicture %= pictureFiles.Length;

pictureTimer.Elapsed += pictureTimer_Elapsed;
pictureTimer.Interval = 10 * 1000; // In milliseconds
pictureTimer.Start();

ate void GoBackButton_Click(object sender, RoutedEventArgs e)

this.Close();
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private void pictureTimer_Elapsed(object sender, ElapsedEventArgs e)

{
pictureTimer.Stop();
this.Dispatcher.Invoke(new Action(delegate

{
this.Close();
s

178



Video Window Display

using
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using
using
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using
using
using
using
using
using

System

System.
System.
System.
System.
System.
System.
System.
System.
System.
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System.
System.
System.
System.

3

Collections.Generic;
Ling;

Text;

Threading.Tasks;
Windows;
Windows.Controls;
Windows.Data;
Windows.Documents;
Windows.Input;
Windows.Media;
Windows.Media.Imaging;
Windows.Media.Animation;
Windows.Shapes;

I0;

namespace Microsoft.Samples.Kinect.BodyBasics

{

public partial class Video : Window

{

stat
File

publ
{

}

publ
{

}

priv

{

}

priv

{
}

ic string MOVIES_PATH = System.IO.Path.Combine(Environment.CurrentDirectory, "Video");

Info[] movieFiles;
ic Vvideo()
InitializeComponent();

FindMovieFiles();

ic void FindMovieFiles()

// Get the directory with all the videos
DirectoryInfo moviesDirectory = new System.IO.DirectoryInfo(MOVIES_PATH);

// Get the video file list from the directory, excluding a specific extension
movieFiles = moviesDirectory.GetFiles().Where(fileInfo =>
fileInfo.Extension.CompareTo(".db") != @).ToArray();

ate void StartVideoButton_Click(object sender, RoutedEventArgs e)

// Find the current image
Uri currentVideo = new Uri(movieFiles[MainWindow.lastMovie].FullName);

// Change the MediaElement to view the current selected imaged
VideoMediaElement.Source = currentVideo;

VideoMediaElement.MediaEnded += GoBackButton_Click;

// Advance to the next video in the direcory
MainWindow.lastMovie++;

// Start from the begining if we viewed all the videos
MainWindow.lastMovie %= movieFiles.Llength;
ate void GoBackButton_Click(object sender, RoutedEventArgs e)

this.Close();
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Settings Window Display

using System

using System.
using System.
using System.
using System.
using System.
using System.
using System.
using System.
using System.
using System.
using System.
using System.

namespace Mi

{

public p
{
publ
publ
publ
{

}

priv

{

}

priv

{
X

priv

{

)
Collections.Generic;
Ling;

Text;
Threading.Tasks;
Windows;
Windows.Controls;
Windows.Data;
Windows.Documents;
Windows.Input;
Windows.Media;
Windows.Media.Imaging;
Windows.Shapes;

crosoft.Samples.Kinect.BodyBasics
artial class Settings : Window

ic string PASSWORD;
ic bool pass;

ic Settings()

// initialization
PASSWORD = "s";
pass = false;

InitializeComponent();

initializeTextBox();

ate void initializeTextBox()

CAMERA_HEIGHT_TextBox.Text = MainWindow.CAMERA_HEIGHT.ToString();
SedentaryTIME_TextBox.Text = MainWindow.SedentaryTIME.ToString();
NotInFrameTIME_TextBox.Text = MainWindow.NotInFrameTIME.ToString();
SwitchingRecoTIME_TextBox.Text = MainWindow.SwitchingRecommendationsTIME.ToString();
ShowExerciseTIME_TextBox.Text = MainWindow.ShowExerciseTIME.ToString();
StepsBaseline_TextBox.Text = MainWindow.StepsBaseline.ToString();
StandingTraBaseline_TextBox.Text = MainWindow.StandingTraBaseline.ToString();

ate void ExitButton_Click(object sender, RoutedEventArgs e)

this.Close();

ate void LoginButton_Click(object sender, RoutedEventArgs e)

// check password

if (passswordBox.Password == PASSWORD)

{
/// Display ///
// Password:
PasswordBorder.Visibility = Visibility.Collapsed;
TitlePasswordLabel.Visibility = Visibility.Collapsed;
passswordBox.Visibility = Visibility.Collapsed;
LoginButton.Visibility = Visibility.Collapsed;
ExitButton.Visibility = Visibility.Collapsed;
// TextBoxs + Labels:
CAMERA_HEIGHT_TextBox.Visibility = Visibility.Visible;
SedentaryTIME_TextBox.Visibility = Visibility.Visible;
NotInFrameTIME_TextBox.Visibility = Visibility.Visible;
SwitchingRecoTIME_TextBox.Visibility = Visibility.Visible;
ShowExerciseTIME_TextBox.Visibility = Visibility.Visible;
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CAMERA_HEIGHT_Label.Visibility = Visibility.Visible;
SedentaryTIME_Label.Visibility = Visibility.Visible;
NotInFrameTIME_Label.Visibility = Visibility.Visible;
SwitchingRecoTIME_Label.Visibility = Visibility.Visible;
ShowExerciseTIME_Label.Visibility = Visibility.Visible;
StandingTraBaseline_Label.Visibility = Visibility.Visible;
StandingTraBaseline_TextBox.Visibility = Visibility.Visible;
StepsBaseline_Label.Visibility = Visibility.Visible;
StepsBaseline_TextBox.Visibility = Visibility.Visible;
UpdateButton.Visibility = Visibility.Visible;
UpdateBorder.Visibility = Visibility.Visible;
UpdatelLabel.Visibility = Visibility.Visible;

// Buttons + Labels + Borders:
Feedbacks_Label.Visibility = Visibility.Visible;
Windows_Label.Visibility = Visibility.Visible;
Reminders_Label.Visibility = Visibility.Visible;
Feedback_Border.Visibility = Visibility.Visible;
Windows_Borders.Visibility = Visibility.Visible;
Reminders_Border.Visibility = Visibility.Visible;
FeedbacklButton.Visibility = Visibility.Visible;
Feedback2Button.Visibility = Visibility.Visible;
ExerciseButton.Visibility = Visibility.Visible;
InfoButton.Visibility = Visibility.Visible;
NumOfStepsButton.Visibility = Visibility.Visible;
ExerciseRemButton.Visibility = Visibility.Visible;
SedentarylButton.Visibility = Visibility.Visible;
Sedentary2Button.Visibility = Visibility.Visible;
Sedentary3Button.Visibility = Visibility.Visible;

}
else MessageBox.Show("xnoom nrx nna");

}

private void UpdateButton_Click(object sender, RoutedEventArgs e)

{
MainWindow.CAMERA_HEIGHT = Convert.ToDouble(CAMERA_HEIGHT_ TextBox.Text);
MainWindow.SedentaryTIME = Convert.ToDouble(SedentaryTIME_TextBox.Text);
MainWindow.NotInFrameTIME = Convert.ToDouble(NotInFrameTIME_TextBox.Text);
MainWindow.SwitchingRecommendationsTIME =

Convert.ToDouble(SwitchingRecoTIME_TextBox.Text);

MainWindow.ShowExerciseTIME = Convert.ToDouble(ShowExerciseTIME_TextBox.Text);
MainWindow.StepsBaseline = Convert.ToInt32(StepsBaseline_TextBox.Text);
MainWindow.StandingTraBaseline = Convert.ToInt32(StandingTraBaseline_TextBox.Text);
MessageBox.Show("ounwna womw");
this.Close();

}

private void GoBackButton_Click(object sender, RoutedEventArgs e)

{
this.Close();

}

private void FeedbacklButton_Click(object sender, RoutedEventArgs e)

{
this.Close();
Feedback Feed = new Feedback();
Feed.Show();

}

private void Feedback2Button_Click(object sender, RoutedEventArgs e)

{
this.Close();
Feedback2 Feed2 = new Feedback2();
Feed2.Show();

}

private void ExerciseButton_Click(object sender, RoutedEventArgs e)

{
this.Close();

181



Exercise Exe = new Exercise();
Exe.Show();
}

private void InfoButton_Click(object sender, RoutedEventArgs e)
{

this.Close();

Info inf = new Info();

inf.Show();

}

private void NumOfStepsButton_Click(object sender, RoutedEventArgs e)
{

this.Close();

NumOfSteps NumOfSteps = new NumOfSteps();

NumOfSteps.Show();

}

private void ExerciseRemButton_Click(object sender, RoutedEventArgs e)

{

MainWindow.ReminderType = 0;
this.Close();

}

private void SedentarylButton_Click(object sender, RoutedEventArgs e)

{

MainWindow.ReminderType = 1;
this.Close();

}

private void Sedentary2Button_Click(object sender, RoutedEventArgs e)
{

MainWindow.ReminderType = 2;
this.Close();
}

private void Sedentary3Button_Click(object sender, RoutedEventArgs e)

{

MainWindow.ReminderType = 3;
this.Close();

}

private void SettingsWindow_Closing(object sender, System.ComponentModel.CancelEventArgs

e)
{

}
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