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Abstract. Alzheimer's disease (AD) is the most common form of dementia di-
agnosed in people over 65 years of age. There is no cure for the disease, which
worsens as it progresses, and eventually leads to death. As the disease advances,
symptoms can include confusion, irritability and aggression, mood swings,
trouble with language, and long-term memory loss. As the sufferer declines
they often withdraw from family and society. Gradually, body functions are
lost, ultimately leading to death. Current treatments only help with the symp-
toms of the disease. Following the vision of WHO and AD International for in-
novative approaches to AD, the system proposed here, namely Symbiosis, aims
at creating a novel human-computer interaction (HCI) environment to facilitate,
understand and incorporate the needs of the whole AD community (patients,
caregivers and doctors).
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1 Introduction

Human Computer Interaction (HCI) refers to the design and implementation of com-
puter systems that people interact with, including desktop systems, as well as, embed-
ded systems in all kinds of devices [1]. Although the user interface is the primary
element between user and computer, HCI is a larger discipline that deals not only with
the design of the screens and menus, but with the reasoning for building the functional-
ity into the system in the first place. It is also concerned with the consequences of
using the system over time and its effects on the individual, group and company.
Stemming from the latter, efficient HCI application in the field of assistive technology
for special groups of people (e.g., patients, disabled, elderly) could significantly contri-
bute to the elevation of their quality of life, as it could act as a facilitator for the max-
imization of the assistance provided by the system to human in a more natural way.
The group examined here refers to patients suffering from Alzheimer's disease (AD).
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AD, also known in medical literature as Alzheimer disease, is the most common
form of dementia [2]. There is no cure for the disease, which worsens as it progresses,
and eventually leads to death [3]. It was first described by German psychiatrist and
neuropathologist Alois Alzheimer in 1906 and was named after him. Most often,
Alzheimer is diagnosed in people over 65 years of age, although the less prevalent
early-onset. Alzheimer develops for an unknown and variable amount of time before
becoming fully apparent, and it can progress undiagnosed for years. Current treat-
ments only help with the symptoms of the disease. They cannot stop or reverse the
progression of the disease. Alzheimer’s disease is also known for placing a great bur-
den on caregivers. Caring for someone with Alzheimer’s disease impacts every aspect
of daily life. As Alzheimer’s patients lose one ability after another, caregivers face
pressures wide-ranging from social, psychological and physical elements of the care-
giver's life [4]. Moreover, AD is one of the most costly diseases worldwide; the
worldwide cost of dementia is estimated to have been US$ 604 billion in 2010 (Alz-
heimer’s Disease International (ADI) and World Health Organization (WHO) 2012
report) [5], [6]. As the world population ages, we truly face a looming global epidem-
ic of AD. Epidemiological studies indicate that numbers of ADs will nearly double
every 20 years, to 65.7 million in 2030 and 115.4 million in 2050, affecting 1 in 85
people globally [7].

Within the aforementioned perspective, Alzheimer’s is a global problem with dra-
matic impact and new approaches need to be considered regarding prevention, diag-
nosis, treatment, confrontation. Following the guidelines and suggestions of WHO
and ADI for innovative approaches to AD, a new system is proposed here, namely
Symbiosis', which aims at creating a novel HCI environment that enhances assis-
tance, facilitates, understands and incorporates the needs of the whole AD community
(i.e., patients, caregivers and doctors).

Until now, all technological solutions addressing Alzheimer’s focus on the satis-
faction of a specific need, e.g., position tracking, memory and skill enhancement and
daily needs reminder [8-10]. As the disease progresses, the patient cannot successfully
interact with his environment, as the terms that define it becomes obscure. Symbiosis
is a revolutionary system aiming at providing integrated solutions to a series of prob-
lems related with Alzheimer. Using cutting-edge technology, it provides a holistic
approach to the problem, combining all the distinct solutions and introducing a novel
HCI strategy that provides a Natural User Interface (NUI) and offers both physical
and mental exercise. Symbiosis is the first integrated Alzheimer support system that
takes into account the patient’s response in an adaptive way that fulfills each patient’s
special needs and provides considerable facilitations to caregivers and doctors, un-
locking the potential of an innovative supporting role.

2 Design Architecture

AD is divided into three stages with progressive patterns [11]:

' Symbiosis (Greek Zvupiworg), means companionship, from symbioun, to live together, from

symbios, living together: syn + bios (life).
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e The preclinical stage with no symptoms (45-55 yrs)

e The mild cognitive impairment or MCI with mild mental symptoms (55-70 yrs),
and

e The severe fatal stage of the disease (>70 yrs)

Technology can contribute significantly to the problem of Alzheimer’s by offering
solutions at the MCI stage of the disease. The most significant skills affected at this
stage of the disease are: memory, attention, orientation, visual perception and space
perception. Based on this fact, and taking into account design considerations, such as
customization, extensibility and user-friendly interfacing, Symbiosis has a modular
architecture consisting of three modules with diverse functionalities, i.e., the patient's,
the caregiver's, and the doctor's module; all interconnected and exchange information
through Microsoft Cloud platform, Azure, [12], in a "symbiotic" way. Fig. 1 depicts
the structural architecture of Symbiosis (modules per user's type), where the three
pillars (patient (P), caregiver (C) and doctor (D)) are distinguishable, yet lie within a
symbiotic space.

SymbioMusic
SymbioSpace SymbioEyes

SymbioGames Rebiosis

£7 Windows Azure
SymbioProgress

SymbioOptions

SymbioOverview

SymbioMonitor SymbioOrganizer

SymbioCircle

Fig. 1. The modular architecture of Symbiosis and its "Symbiotic" space

2.1  Symbiosis Patient Module

The core concept of HCI within Symbiosis is the maximization of the flexibility of
user interaction with the system. To this end, Symbiosis proposes a fruitful way of
NUI for the patient, through state-of-the-art technologies, such as augmented reality
(AR) scenarios, body motion tracking and EEG signal processing. All activities from
games to AR scenarios are designed and developed to meet the special needs of an
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AD patient, with special emphasis given on the elimination of social exclusion. Men-
tal and physical exercising, a sense of autonomy and increased self-confidence are the
primary focus of all applications along with adaptation to personalized behavior, pre-
ferences and needs. In this way, the patient’s environment is normalized to his/her
needs and not vice versa. In the following subsections, epitomized descriptions of the
patient's Symbio-modules (see Fig. 1-the P network) are given.

SymbioGammes. SymbioGames is a gaming suite that offers a wide range of games
aiming at exercising and improving skills such as memory, attention, orientation,
visual and space perception that gradually decline at the MCI stage of the disease.
Furthermore, the novel NUI strategy using Kinect sensor [13] provides a NUI that
introduces the idea of combined physical and mental exercise (see Fig. 2).

Fig. 2. The Kinect-based NUI [13] of SymbioGames suite (top) when targeting a flying bird
and revealing a puzzle-photo from the past (bottom)

SymbioSpace. SymbioSpace application, using auxiliary auditory and visual effects
forms a friendly environment for the patient via augmented reality (AR). It offers
patient the opportunity to feel surrounded by a helpful environment that provides
feedback and seems to interact with him/her responding to his/her needs for conti-
nuous reminding and memory refreshing (Fig. 3).



An Innovative Human-Computer Interaction Environment for Alzheimer's Support 127

Fig. 3. Using AR glasses (left), SymbioSpace provides to the user additional information for
simple tasks, e.g., eating with spoon (right)

SymbioMusic. Music has power—especially for individuals with AD and related
dementias. And it can spark compelling outcomes even in the very late stages of the
disease. When used appropriately, music can shift mood, manage stress-induced agi-
tation, stimulate positive interactions, facilitate cognitive function, and coordinate
motor movements. Based on this fact, SymbioMusic offers a variety of music therapy
scenarios that activate musical expression using Kinect sensor combining music re-
vival and memory refreshment.

SymbioEyes. SymbioEyes incorporating automatic photo shooting, GPS tracking,
activity reminder, emergency detection and call, is the all-in-one patient mobile appli-
cation (Fig. 4).

L"cj;tate Papa

19:17:13

Fig. 4. SymbioEyes monitoring patient's location and status: the user touches the Smartphone
surface for more than 2 seconds (left) and the status is changed to Emergency (right)
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Re-Biosis. Re-biosis application downloads automatically from the cloud all photos
taken by SymbioEyes application and creates slideshows. While these slideshows are
presented to the patient, the photos are subjected to an emotional tagging procedure
stemming from EEG signals processing that takes place at the background. The EEG
signals are acquired through Emotiv EEG headset [14].

The patient's progress is continuously monitored by both caregiver and doctor, of-
fering valuable feedback information that helps them schedule the therapy plan and
daily routine and perform the system appropriate adjustments according to it.

2.2  Symbiosis Caregiver Module

Caregiver’s every-day life is being supported by the Symbiosis-based local and dis-
tant monitoring of the AD patient's behavior, offering emergency notifications and
valuable feedback-information that helps schedule his/her daily routine in a novel and
efficient fashion. There is emphasis in providing assistance to caregiver for prepara-
tion, customization and optimization of patients care and monitoring procedure
through a continuous update about their progress via well-managed Web Services. In
addition, Symbiosis can be used by the caregiver as a way to come even closer with
the broader caregivers’ community by sharing and discussing related problems, and
so his/her supporting role is transformed to a symbiotic one towards the increase of
the AD patients' quality of life. The caregiver's Symbio-modules include:

SymbioSchedule. Balancing the enormous task of care giving with other responsibili-
ties requires diligent planning and organization. SymbioSchedule was developed to
meet exactly this requirement. It contains the activity program for the patient as it is
scheduled by the doctor.

SymbioProgress. One of the main aspects of care giving is the need for constant
monitoring. SymbioProgress constitutes the monitoring tool for the caregiver offering
an effective overview of patient’s progress, as it is depicted through statistics on pa-
tient’s interaction with Symbiosis applications (Fig. 5(left)).

SymbioOptions. To achieve personalization and customization of all Symbiosis ap-
plications, SymbioOptions provides a control panel where the caregiver can add audi-
ovisual material and adjust the settings of patient’s applications.

SymbioCircle. Grief, depression and anger are common among caregivers making
psychological support more than necessary. SymbioCircle is Symbiosis forum, where
caregivers can find online advice and psychological support as well as exchange opi-
nions with others.
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Fig. 5. SymbioProgess (left) provides to the caregiver statistics on patient's interaction with
Symbiosis. SymbioOverview (right) provides to the doctor statistics on patient's progress.

2.3  Symbiosis Doctor Module

Symbiosis enables the doctor to have daily detailed reporting material with statistical
analysis options of every patient’s progress, compare the progress of many patients
and easily categorize them. Furthermore, the doctor can remotely adjust each Symbi-
osis’ activity parameters according to each patient’s profile. Higher levels of functio-
nality and work efficiency are achieved, as Symbiosis takes the computational burden
of data analysis, providing all the necessary means for frequent monitoring of the AD
patient's health record. Hence, the doctor’s working attitude is reformed, as the infor-
mation of the Symbiosis platform (based on the Microsoft Web-Cloud secure reposi-
tory) is available anytime and anywhere, setting the handling of the care services on
both local (patient's site) and remote bases. The doctor's Symbio-modules include:

SymbioOverview. SymbioOverview enables the doctor to have a detailed and daily
statistical overview of every patient’s progress, compare the progress of many pa-
tients and easily categorize them. Since each doctor has many patients, SymbioOver-
view enables the doctor to have detailed statistical overview of every patient progress
in an easily organized and categorized way (Fig. 5(right)).

SymbioOrganizer. Using SymbioOrganizer, the doctor can adjust the activities pa-
rameters according to each patient’s profile.
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3 Experimental Results and Discussion

A pilot case study of Symbiosis applications involving 20 MCI patients (ages 58-70)
was conducted at the two Alzheimer’s Care Centers of Thessaloniki, Greece. Apply-
ing interaction engagement metrics pre- and post-using Symbiosis, involving: a)
successful usages per day/month, b) duration of use, c) recency of use, d) frequency
of application abandonments; the results depicted in Fig. 6 have derived. The latter
indicate that the use of Symbiosis severely helped the AD patients to increase their
spatial perception (mainly due to its NUI) and their interaction engagement (mainly
due to the gaming and experiential way of interacting), assisting also to emotional
engagement (due to the emotional tagging of images), mental efficiency (due to cog-
nitive games and routing exercises), and memory sustain (due to causality enhance-
ment of actions and relations).

100

95

an
a5
80
70 T T T

Memory Mental Spatial Emational Interaction
Sustain Efficiency Perception Engagement Engagement

Fig. 6. Mean improvement percentages of five performance indicators between pre- and post-
usage of Symbiosis by 20 MCI AD patients

Symbiosis is a revolutionary system aiming at providing integrated solutions to a
series of problems related with Alzheimer. It is the first integrated Alzheimer support
system that takes into account patient’s response in an adaptive way that fulfills each
patient’s special needs and provides to caregivers and doctors considerable facilita-
tions. Until now, all technological solutions addressing Alzheimer’s problem, focus
on the satisfaction of a specific need. Using cutting-edge technology, Symbiosis pro-
vides a holistic approach to the problem which deals with the needs of all groups af-
fected by AD, both literally and metaphorically. Emphasizing on normalization and
personalization, Symbiosis proposes a more effective, realistic and complete technol-
ogical solution.
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Probing to the future, the following issues could be further addressed:

e Cross-case testing and evaluation of the feedback from the target group, regarding
the expandability and functionality of Symbiosis, gained through ongoing contact
with AD patients, caregivers and doctors at the Alzheimer Center of Thessaloniki
and abroad

e Extension of Symbiosis to a multilingual system enabling international use.

e Further increase in the variety of games, exercises and AR scenarios.

e Further customization of tasks and scenarios to different Alzheimer's ages and
behaviors.

The Symbiosis concept could also be transferred to other domains, for example, to
people with stroke that need rehabilitation (i.e., physiotherapy) scenarios, approached
here through a gamification perspective (SymbioGames) to foster users' engagement
to the therapeutic task. Moreover, being a facilitator for environment normalization to
the user's skills (SymbioSpace), high-level semantics could be extracted from the use
of Symbiosis panorama in everyday life of elderly, enabling further research to the
identification of possible implicit or hidden correlations between different behavioral
expressions or different interpretation styles of the same behavioral perspectives at
this age range and study their experiential evolution and transmission from generation
to generation or to other communities (for example the behavior change of an AD
patient to his/her children and/or grandchildren).

4 Conclusion

Alzheimer’s Associations worldwide refer to AD as an epidemic and both medical
community and societies agree that Alzheimer’s constitutes the great challenge of the
21 century. Symbiosis, by providing innovative solutions that facilitate all the social
groups affected by Alzheimer’s directly or indirectly, holds the potential to
change/improve drastically their lives. Symbiosis provides technological solutions
that act as facilitator to the social integration of AD community. The AD patients
have greater autonomy; they feel more active through NUI-based gaming/music pro-
duction and show a collaborative attitude with caregivers, doctors and friends/AD
groups. Moreover, caregivers use Symbiosis as an information source about the status
of their AD patients and as a means to come even closer by sharing and discussing
related problems with a broader community. Finally, physicians handle more AD
patients and monitor them more closely, increasing their awareness and their assistive
intervention in the AD patients' living. Emphasizing on normalization and personali-
zation, Symbiosis proposes a more effective, realistic and complete technological
solution.
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