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ABSTRACT

Increasing life expectancy and consistently low birth rates have led to a larger aging population,
more individuals requiring care, and related phenomena such as dementia. Information and
communications technology (ICT) may contribute to a better quality of life for older adults
when enabling their health, safety, care, and social participation. Exergames are generally video
games that involve different physical and cognitive exercises to encourage physical activity.
Furthermore, aspects of gamification often support these exergames to foster new ways of en-
gaging and stimulating individuals in interactive fitness. Indeed, studies have indicated that
using exergames can result in improvements in individuals’ fitness, adherence, and balance,
irrespective of their ages. The goal of this thesis is to explore whether appropriately designed
exergames could improve the social interaction, collaboration, and well-being of people with

dementia (PwD) and their caregivers.

The thesis followed a practice-based design approach to develop a suite of exergames
based on long-term engagement with PwD in different care settings and considered the relevant
stakeholders’ diverse levels of needs and demands, designed a tailorable suite of exergames,
and investigated its appropriation. Throughout the research phase, we assessed the appropria-
tion, individual and social experiences, and integration of the exergames into daily life across
the different care settings; the system of games was continuously redesigned, refined, and ex-
tended to reflect the insights that arose from our observations of its use, as well as feedback
from the PwD and their caregivers. This thesis thus addresses the following research questions:
(1) What are the long-term impacts on the activities of daily living (ADL) for individuals living
with dementia? (2) What are the social, institutional, and emotional experiences for their rela-
tives and caregivers? (3) How are systems individually and socially appropriated and contex-
tualized? Finally, (4) how should exergame-based activities be designed to positively affect

individual resources while considering the social environment in dementia care?

Our results illustrate that besides the observed and reported impacts on physical activity
and especially social interaction during and after exergame use, strengthened relationships and
increased engagement were observed among PwD. These socio-emotional aspects were re-
ported to encourage PwD in the long-term use of the system and motivate them to appropriate

and engage with it. We noted that the grandchildren of PwD began to develop an interest in the
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exergames and played them together regularly. People with dementia and their grandchildren
also played the games together, and opportunities for relatives to follow the activities in their
own social lives, such as reading books, meeting friends, and going out for walks, were thus

created.

The findings indicate further specific advantages for the relevant stakeholders, which
the system initiates within the social environments of PwD. In fact, the system was confirmed
to destroy barriers and facilitate social connections for some participants. Particularly in day-
care centers, participants were observed to develop a certain group dynamic and sense of inter-
personal relationships while playing the games, which strengthened their collaboration, as well
as their motivation to interact with and support one another. The social collaboration during
group sessions often encouraged and helped them all and thus generated a cooperative, respect-
ful, and motivating atmosphere. Relatives and professional caregivers reported having noticed
the positive emotions, collaboration, and expressions that the PwD exhibited while using the
system and that the games were a starting point for further discussions, even after the sessions.
In addition, the studies conducted reveal that the appropriation and integration of the system
depend only partly on the physical and cognitive benefits for PwD but especially on the social
impacts and added value that their social care networks perceive. However, certain challenging
aspects of using the exergames disclose some interesting insights for the community regarding
how to improve the design in this area, covering matters such as malfunctions when interacting

with the exergames, personal misapprehensions, and interpersonal frustrations.

This thesis analyzes and discusses the results of the underlying studies by focusing on
the need for a design in dementia care that conceives more socially embedded innovations that
can address the social actors and diverse experiences involved. We argue that these effects are
fundamental to successfully integrating technologies in the complex environment of dementia
care. This thesis therefore contributes to expanding the current discourse on Human-Computer
Interaction (HCI) and dementia care by examining the impact of a suite of exergames that was

designed to support the ADL of PwD and their caregivers.
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INTRODUCTION

Motivation

Social changes such as increasing life expectancy and consistently low birth rates have led to
a rise in the number of older adults and therefore those in greater need of care compared to the
rest of the population. Changing family structures in the form of one-person households, the
rising shortage of skilled workers, the increased mobility and associated growing distance be-
tween parents and their children, and medical progress have posed an unprecedented problem
for the existing health and care structures. As a result of aging societies, the risk of being af-
fected by not only the need for long-term care but also dementia is increasing. The World
Health Organization (WHO, 2017) estimates that more than 46.8 million individuals have Alz-
heimer’s or a related form of dementia (WHO, 2017). Additionally, studies indicate that this
number will continue to rise until 2050, when it will affect one in 85 individuals, most of whom
will be living in developed countries (Brookmeyer et al., 2007). Several activities and inter-
ventions could positively affect managing everyday life around the challenges of dementia, as
well as the progression of dementia itself. For example, physical and cognitive activity can
reduce the risk of developing dementia and its progression (Eggermont, L. & Scherder, E.,
2006; Ruan, 2015). Physical activity targets an improvement in not only physical ability but
also cognitive resources, the scope for social interaction, and psychosocial health and well-

being (Gajewski & Falkenstein, 2016; Peluso & Andrade, 2005).

Studies have confirmed that physical training in dementia can improve the mental
health, cognitive performance (information processing and coordination), physical perfor-
mance, and therefore daily competences of PwD (Blankevoort et al., 2010a; Hauer et al., 2012;
Jia et al., 2019). Various methods can be used to support PwD and thus their quality of life
while relieving their social environments. What seems to be a promising approach involves
technologies that increase physical activity, cognitive resources, social participation, and well-
being in PwD and their caregivers (Brankaert et al., 2019; Dove & Astell, 2017; Gibson et al.,
2015; Lazar et al., 2018). Information and communications technology—based prevention and
training activities—especially programs such as exergames, which are video games that in-
volve different physical and cognitive exercises—may ease the access for older adults and in-
dividuals living with dementia, improve their physical and mental capabilities, and relieve re-

lated actors; however, few studies have utilized exergames as training measures. In this context,



studies have demonstrated that exergames may stimulate the physical activity and fitness of
older adults at home (Gschwind et al., 2015; Silveira et al., 2013; Vaziri et al., 2017a). In their
study, Keogh et al. evidenced that the use of exergames improved physical reliability and phys-
iological well-being in older adults (Keogh et al., 2014). Similarly, Schoene et al. illustrated
that video game—based exercises helped to improve the physical and cognitive aspects of par-
ticipants in the field of fall prevention (Schoene et al., 2013). Nonetheless, these results refer
to older adults without dementia. A major challenge has therefore emerged in the appropriate
and needs-oriented design and development of such innovative solutions that can be embedded
in the everyday lives of PwD, as well as their relatives and professional caregivers. Moreover,
few empirical studies have examined the potential and long-term impacts of using exergames
to support PwD and their caregivers in coping with the challenges of social and daily life. A
pressing need for more focused studies on HCI and computer-supported cooperative work
(CSCW) that can inform the ongoing discourse on the design, research methods, and develop-

ment of ICT-based systems such as exergames has thus evolved.

This thesis investigates the effects of an ICT-based training system for PwD and their
caregivers, considers the fundamental individual impacts and social contexts of human-tech-
nology interaction in dementia, and presents implications, as well as lessons learned, to identify
and explore possibilities for further research and development. A suite of exergames was de-
veloped to support PwD and their caregivers in coping with the challenges of daily living.
Together with academic partners from the fields of sports science, sport gerontology, and nurs-
ing science, we continuously designed and tested the exergames and even the technical setup
itself with PwD and their caregivers, using a participatory design approach in an established
LivingLab near Siegen. On a conceptual level, the games integrated different ideas (activity,
prevention, cognition, and creativity) based on established practical activities in care settings
and evidence-based interventions from across those diverse academic disciplines for the first
time. The underlying design objective was the provision of a suite of activities that can offer
PwD support across their ADL, rather than single games with a united purpose. The following

section presents the structure of this thesis.



Structure of the Thesis

This thesis includes three main sections: (1) the introduction, related work, and the concept of
the study; (2) the key results; and (3) a summary of the findings, followed by the discussion.
Chapter 1 presents the motivation for and structure of this thesis. Chapter 2 outlines the state
of the art in the field of health- and care-related socio-demographics, introduces dementia as a
social phenomenon, and establishes its impact on the individual and social lives of PwD and
their social care networks. It also describes the state of the art in health technology development
and exergames, as well as the research area of HCI and dementia. Chapter 3 submits the con-
tribution and research questions of this thesis, while Chapter 4 provides the fundamental meth-
odological framework, research settings, and research approach, as well as the exergames and

technical setup that the research builds upon.

Chapters 5 to 8 present the main papers that have been published as conference or
journal papers. Chapter 5 elaborates on the first findings from the LivingLab study, which
explored the potential for exergames to affect the social and daily lives of PwD and their care-
givers. Qualitative data was collected over eight months, during which time the daily life inte-
gration and experiential aspects of the system were examined. These findings illustrate that the
system enhanced social interaction, strengthened relationships, and improved the empower-
ment of PwD and their caregivers, allowing them to face daily challenges. Chapter 6 focuses
on the collaboration and social experiences that the exergames encouraged in the daycare group
sessions, exploring the social experiences of 26 PwD and their caregivers in a 16-month design
case study. The results illustrate that collaboration and cooperation among the parties involved
(PwD, relatives, caregivers, and researchers) increased after using the system for an extended
time. The study revealed that the exergames-based system triggered positive and negative so-
cial experiences. This chapter also provides implications for the future design of similar sys-
tems and their potential to further encourage collaboration and cooperation among PwD and

their caregivers.

Chapter 7 presents the outcomes of a case study that specifically focused on the eval-
uation of a music-based exergame for PwD and their caregivers. The developed interactive
music-based exergame combines two promising domains: physical activity and music-based
interventions that can effect movement, creativity, and meaningful stimulation. The results in-

dicate a valuable impact of music-based interventions, which provide positive psychological,



social, and physical effects in day-care and domestic settings. Significantly, the music-based
exergame reconstructed the memories and enhanced the social engagement of PwD within their
families, with their professional caregivers, and with various external parties. Chapter 8 in-
vestigates the appropriation of caregivers in engaging PwD with the exergames, focusing on
the long-term role of caregivers in appropriating the exergame-based system into their lives
and the challenging daily lives of PwD. In addition, this chapter presents the outcomes of the
final evaluation study, in which the everyday behavior and interactions of 53 PwD and 25
caregivers were studied qualitatively, concentrating on the role of caregivers in integrating the
system into everyone’s daily routines. The results indicate that the successful appropriation of
the exergame depends on not only the physical, cognitive, and social benefits for PwD but also
the added value that their social care networks perceive. This chapter also discusses the need
for design in dementia to conceive more socially embedded innovations that can address the
social actors involved and thus contribute to practical solutions for professional and informal

dementia care.

Chapter 9 presents summarized findings from across the different papers; Chapter 10
then discusses the case studies in view of the research questions. This thesis offers insights that
could help to support designers and researchers working from various perspectives, those who
seek to distribute a broader set of possible engagements with PwD, and those who want to
provide engagements for other stakeholders who share some of the same characteristics. More-
over, it presents lessons learned for the future design of technologies, particularly exergames,
to support the complex individual and social circumstances and heterogeneity of PwD and their
social environments. Chapter 11 concludes the thesis and highlights its contribution to the

field of HCI.
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Facilitating Collaboration and Social Experiences with Videogames in
Dementia: Results and Implications from a Participatory Design Study

Design 30 worlds under consideration of the needs of the PwD

and their relatives, in order to enhance life quality.

16 months
(- 120 daycare visits & 44 home visits

L5 26 participants (11 Day-Care, 12 Ambulatory Care, 3 Ambulatory- & Day-Care)

% Interactive and Social Effects of an Exergame-based Training
System for People with Dementia and their Caregivers

Examining interaction of 53 PwD and 25 caregivers

4 months
]« sovisits

29 53 participants (25 Day-Care, 28 Ambulatory-Care)

Figure 1: Publication History and Project Trajectory



STATE OF THE ART

Demographic Transition, Aging, and Dementia

Demographics in Aging Societies

Demographic change in Europe and especially Germany is expected to become a larger societal
challenge in the future than it has been thus far. While life expectancy, consistently low birth
rates, and the number of older individuals have been increasing, the proportion of skilled work-
ers and the German population have been decreasing drastically (DeStatis, 2018). The in-
creased number of older adults and thus individuals needing care, as well as simultaneous
changes in family structures (the transition to one-person households and the latest migration
patterns of younger individuals), have led to the lapse of previous insurance and a solidarity-
based social system. Nevertheless, today’s society bears a great responsibility for and moral
obligation toward tomorrow’s individuals requiring care and medical services. The anticipated
situation in Germany indicates critical reflection on the care system used so far, innovative
methods related to the forms and structures of care, further development of technical assistance
systems, and increased funding for research and development in the health, care, and medical
domains. The demographic and social changes represent a common challenge—for families
and society at large, science, the economy and especially the labor market, social security sys-
tems, and politics (Klingholz, 2016). Although age and increasing life expectancy are not syn-
onymous with illness and the need for long-term care, a correlation between the aging of the
population and the increasing number of individuals needing long-term care still exists. The
number of individuals requiring care in Germany will rise from 3.5 to 5.3 million by 2050
(Ehrentraut et al., 2019). Additionally, those who need long-term care are cared for mainly at
home (DeStatis, 2018), which corresponds to older individuals’ desire to live in their familiar
surroundings as long as possible (Statista, 2019). Providing this care is the responsibility of
society as a whole; however, the challenges and related pressure for individuals needing care,
caring relatives, professional caregivers, and providers of health and care services remain in-

tensive.

Dementia and Its Individual and Social Impacts

In 2015, Alzheimer’s Disease International stated that “over 46 million people live with de-

mentia worldwide, more than the population of Spain.” Furthermore, “this number is estimated



to increase to 131.5 million by 2050 (World Alzheimer Report, 2015). As a result of the de-
mographic transition and aging societies, the need for long-term care is increasing. Dementia
is one of the most common phenomena of old age and can be found in almost every second
individual requiring long-term care in outpatient care (Statista, 2016). This disease is consid-
ered one of the main reasons for leaving one’s domestic environment and social surroundings.
An estimated 1.3 million individuals currently live with dementia; according to forecasts in
Germany, 2 million individuals will be living with dementia in 2030, and as many as 2.6 million
in 2050 (Siitterlin et al., 2011:5). The anticipated situation for seniors, those needing long-term
care, and PwD necessitates a reorientation of established care structures and the reallocation of
available resources, as well as innovative possibilities for the realization of self-determined and
dignified aging. Dementia involves various symptoms and impairments that prevent individu-
als from performing their everyday activities as usual. These include impairments of memory
and other brain functions, such as orientation, language, and the ability to learn, which are

gradually and irretrievably lost (Sonntag & Reibnitz, 2014).

A distinction is made between primary and secondary dementia, with the former (Alz-
heimer’s dementia) being the much more common form since it occurs in 90% of all cases.
Secondary dementia includes neurodegenerative and vascular dementias, as well as mixed
forms, such as Lewy body dementia (Alzheimer’s Association, 2020). Vascular dementia char-
acterizes the clinical picture of dementia based on various cerebral ischemia constellations and
is the second most frequent cause of dementia. It is often difficult to clinically identify any
given form as both manifestations are subject to vascular risk factors in their course (Adler,
2009). From a biomedical perspective, dementia is a clinical condition whose initial symptoms
can include reduced memory performance and disturbances in one’s sense of time and space.
Temporal disorientation, which generally occurs before spatial disorientation, manifests above
all in everyday behavior. Individuals with early-stage dementia often forget to keep appoint-
ments and agreements, have a disturbed day-night rhythm, or lose their ability to estimate time;
in addition, PwD realize the loss of their abilities, which often leads to depressive disorders
and social isolation (Radenbach, 2014:21). In the middle stage of dementia, the dimensions of
disorientation increase even further. Individuals endure situational and local disorientation, as
well as temporal disorientation. Local disorientation initially manifests in forgetting one’s
place of birth or current address, for instance, and can lead to forgetting objects that have just
been removed. Moreover, individuals living with dementia can no longer provide sufficient

information about themselves, make mistakes in sentence structure, and confuse individual



words. Repeated questions can arise within a short amount of time, and the function of objects
can be confused. Individuals living with dementia can recognize these changes but can no
longer reflect on them. In an average stage, they cannot master everyday actions and activities
alone. In the latest stage, these individuals lose control of motoric movements such as walking,
standing, and sitting and develop an increased muscle tone, which can lead to contractures,

immobility, and bedriddenness.

Dementia can be considered a medically or biologically oriented clinical condition;
nevertheless, from a clinical perspective, it is defined as a dynamic neurodegenerative cerebral
disorder that involves the weakening and progressive decline of first cognitive and then phys-
ical capacity, leading to disability and death (WHO, 2019). The term “dementia” refers to sev-
eral manifestations that can have multiple causes (McCabe, 2008). Alzheimer’s dementia is the
most well-known form of dementia in the Western world, even though the proportions of var-
ious forms of dementia can fluctuate in different parts of the world (Jacques & Jackson, 2000).
From a social perspective, dementia and its impacts correspond to the social construction of
dementia; the (treatment) context; and the impacts on familial connections, relationships, and
caregiving structures (Lyman, 1989). The biomedical definition was challenged in 1997 when
Kitwood suggested a more holistic approach to dementia, defining it as the interplay between
neurological damage and psychosocial environment (McCabe, 2008).Indeed, a move toward a
less medical and more holistic view of dementia has begun to influence public perceptions and
academic practices in the field of HCI (Brankaert et al., 2019; Houben et al., 2019; Kitwood,
1997; Lazar et al., 2017a, 2018; Morrissey et al., 2017a; Morrissey & McCarthy, 2015; Welsh
et al., 2018). Dementia negatively affects not only individuals’ physical welfare but also their
social lives and relationships with others (WHO, 2019). It also impacts families and social and
(health) care structures (Brodaty & Donkin, 2009; Coon & Evans, 2009; Schulz & Sherwood,
2008). Family members disregard their needs and emotions to care for their loved ones, result-
ing in emotionally and physically exhausted caregivers. Additionally, caregivers often need to
reduce their social contacts due to the time and effort required for care behavioral changes and
are therefore confronted with emotional and organizational challenges they cannot manage
(Sorensen & Conwell, 2011; Siitterlin et al., 2011). While a paradigm change concerning the

well-being of PwD has occurred, deterministic opinions of dementia should vanish with time.

Relatives of individuals requiring long-term care are especially exposed to intense

physical, psychological, and financial stress (Schorch et al., 2016). The organization of care
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activities restricts family members, and the social care network can inevitably initiate a reori-
entation of daily structures and lifestyles in the lives of PwD and their caregivers (Chassioti,
2014). Relatives must contend with complicated administrative documents, negotiate with care
insurance funds regarding the need for care of the person concerned, ensure and document
adequate care, and apply for any medical or technical aids. Disturbed communication between
the involved actors can cause severe losses in the family’s internal and external relationships.
This phenomenon is associated with the terms “hidden patient” and “caregiver overload”
(Bindel & Pantel, 2012:2). From a medical perspective, relatives of PwD have an increased
risk of cardiovascular events, a weakened immune system, and decreased wound healing due
to chronic stress. Many households also suffer financial cuts, as full-time gainful employment

is usually no longer possible.

While the medical aspects of dementia have been the subject of research for some time,
the social aspects have recently begun to receive more prominence as the symptoms can limit
PwD in their everyday lives. Different measures can slow and restrict the loss of these individ-
uals’ cognitive and physical abilities. In fact, numerous medical and non-medical treatments
aim to maintain practical skills for as long as possible, which can help PwD and their families
to cope with the challenges of daily life. Adequate responses, communication, and interaction
with PwD are therefore essential to maintaining the coherence of their social environments.
Kitwood’s person-centered care approach (Kitwood, 2013) focuses on the humanity of PwD,
arguing that they should be seen as individuals with needs rather than judged on superficial
factors. Dementia not only restricts individual physical resources but also affects the social
lives of PwD and their relationships with those around them. Despite the paradigm shift re-
garding PwD and their well-being in academic practices, especially in the field of HCI, more
integrative research and interdisciplinary collaboration are needed to face the deterministic and
negative view in the development of ICT in dementia care. Such an integrative research ap-
proach with combined methods could be valuable in understanding contradictions between

quantitative and qualitative results.

Physical Activity and Training in Dementia
Several studies have verified that physical activity and a vital lifestyle have a positive effect on
the risk of developing Alzheimer’s and other forms of dementia. In their 2013 study, DeFina

et al. discovered that a high fitness level can protect against not only the dangers of stroke and
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diabetes mellitus but also dementia in middle age (DeFina et al., 2013). Ngandu et al. came to
similar conclusions in their 2015 geriatric intervention study on the prevention of cognitive
impairments and ability disorders, in which PwD were treated at six study centers in Finland
for more than two years. The researchers demonstrated significant positive intervention effects
in the general and secondary cognitive domains (executive functions and processing speed), as
well as in other secondary areas (body mass index, dietary habits, and physical activity). The
findings from this long-term large randomized controlled trial confirm that a versatile inter-
vention program can maintain or even improve the cognitive functions of older individuals

(Ngandu et al., 2015).

Many studies have also considered the effects of exercise on dementia. These studies
have indicated that exercise programs that focus on training motor skills to support common
movements such as standing, dressing, and balancing are particularly suitable for PwD and
have positive effects on physical and cognitive functionality (Kunz et al., 2014). In 2010,
Blankevoort et al. investigated the effects of physical activity on strength, balance, mobility,
and the performance of daily activities in older PwD); in a systematic review of 10 randomized
studies and six case studies with a total of 642 participants, they found that physical activity is
beneficial in all stages of dementia. A multicomponent intervention in the form of endurance,
strength, and balance exercises led to greater improvements in walking speed, functional mo-
bility, and balance than strength training alone. Only four of the 16 studies assessed the activ-
ities of everyday life. These four studies included three with high training intensity and fre-
quency, which concluded that improvements occurred in the individual activities of daily liv-
ing. In most cases, the greatest improvements in physical functioning were observed after
sports and exercise programs with high training intensity and frequency. Based on their data,
Blankevoort et al. concluded that the greatest improvements followed programs of at least 12
weeks and a regularity of three times a week for 45-60 minutes. Furthermore, improvements

were observed in all stages of dementia (Blankevoort et al., 2010).

In 2004, Heyn et al. examined the effects of exercise training on older individuals with
cognitive impairments and dementia in 29 randomized control studies and one controlled study.
Overall, information from 2,020 participants was used, with the result that sports and exercise
programs increased fitness, physical and cognitive function, and positive behavior in the target
group. The exercises of most of the primary studies (n = 17) focused on walking and running

training (mobility training) or combined walking and running training measures with various
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isotonic exercises. The contents of the other measures were structured differently: Three stud-
ies used stool exercises, while another three studies used an aerobic dance format. Two studies
used exercise programs based on weight training. Finally, two domestic studies included sta-
tionary cycling combined with other exercises. The average age of the participants was 80 +
6.1 years, and the range was 6691 years. In addition, 72% of the participants were female and
38% male. Regarding physical fitness, the study found that exercise training had a significant
positive effect on physical performance. Indeed, 487 cognitively impaired older adults partici-
pating in strength training programs had significantly improved strength compared to the 492
cognitively impaired older adults in the control group. The results of this study also revealed
moderate to strong positive effects in the intervention group in the areas of flexibility, cogni-

tion, and physical performance (Heyn et al., 2004).

In their 2012 systemic review of 20 randomized controlled trials and a total of 575
participants, Pitkédld et al. determined that exercise has positive effects on mobility. Six of these
studies found positive effects on functional limitations, while 16 demonstrated the positive
effects of sports and exercise programs on physical functioning and functional limitations
(Kunz et al., 2014:116). Hess et al.’s 2014 systematic review of 14 studies and a total of 1,056
participants confirmed that physical functioning in the respective intervention groups improved
significantly, and the participants became more active. Through their analysis, they concluded
that physical activity in the form of sports and exercise programs can be an effective therapy
and an appropriate intervention tool for individuals with cognitive impairments and PwD (Hess

et al., 2014).

In Graessel et al.’s 2011 randomized controlled trial, 98 individuals diagnosed with
dementia were examined in five nursing homes over 12 months. The study contains three uni-
modal therapeutic components, including motor skills, everyday practice, and cognition. The
entire study setup was combined with spiritual attunement. The research proposed that PwD
who participated in the multimodal nondrug intervention exhibited better cognitive perfor-
mance and fewer restrictions regarding everyday abilities after 12 months. The study interven-
tions were conducted at the nursing homes for two hours six times a week. Following the 12
months, the study interventions had a significant positive effect on the cognitive and practical
abilities of the residents in the intervention group compared to the control group in PwD
(Graessel et al., 2011). In their article “On the Influence of Sports Training on Memory and

Attention Performance in Older Persons and Persons with Alzheimer’s Disease,” Eichberg et
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al. report that in a 2008 intervention study conducted with 33 PwD and 61 cognitively healthy
individuals that focused on strength training content, sports training improved the information
processing speed and concentration performance of cognitively healthy and demented individ-
uals (Eichberg, 2008). Moreover, a 2008 study by Brach et al. investigated the effects of
strength training on motor functions and physical performance in PwD; eight women and 24
men with early- and mid-stage dementia and an average age of 71 years were observed in a 12-
week strength training program. The test and evaluation were based on isometric strength tests
of the lower extremities, such as stand-up tests, balance tests, and the measurement of reaction
speed. Compared to the control group, the intervention group revealed improvements in motor

function and performance in almost all tests (Brach et al., 2008).

Creative and Social Interventions in Dementia

In addition to physical activity and training, creative activities, music, and shared recollections
could have positive effects on PwD. Art therapy, for instance, can benefit sociability, improve
self-esteem, and provide meaningful stimulation (Hannemann, 2006; Logsdon et al., 2007;
McDermott et al., 2014). Art therapy can also reduce depression, a lack of life perspective, and
isolation in PwD while increasing their ability to make decisions and their overall sense of hope
(Hannemann, 2006; Sarkamo et al., 2014; Schmitt & Frolich, 2007). Allan and Killick highlight
the importance of communication and understanding its different facets—not only verbal com-
munication but also emotional expressions, as with dementia, these can change over time (Al-
lan & Killick, 2010). Participation in these activities must be seen in a nuanced way, and Mor-
rissey et al. argue that experience-centered design is needed to produce and further enhance

these enriching experiences (Morrissey et al., 2016a).

A vast repertoire of non-medicinal approaches to interacting with PwD come from var-
ious theoretical backgrounds, with music being one such approach that has become increas-
ingly established. Phinney et al. stress the significance of meaningful activities that largely
depend on involvement and enjoyment, thus providing PwD with a sense of connection and
belonging and maintaining their sense of autonomy and personal identity (Phinney et al., 2007).
Music accompanies individuals through different stages of their lives and transcends verbal
communication, often working most forcefully at an emotional level (Wall & Duffy, 2010).
The uses to which music might be put are almost as diverse as the biographies of the PwD

themselves. When examining the potential of music therapy to aid cognition in the context of
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Alzheimer’s, Fang et al. (2017) investigated the literature for different techniques, clinical tri-
als, and possible mechanisms, finding that music-based activities can reduce cognitive decline,
especially regarding autobiographical and episodic memories, psychomotor speed, executive
functions, and global cognition. They therefore recommended the earliest possible use of music
therapy as an intervention for dementia (Fang et al., 2017). Music has several potential uses
when interacting with PwD: it can support an individual’s physical, emotional, mental, social,
and cognitive needs by restoring, maintaining, and promoting mental, physical, and emotional
well-being. As a transcendental language, musical activity represents a way for potentially ac-
cessing PwD, even at an advanced stage. It can strengthen a sense of identity and self-confi-
dence, stimulate communication processes, and counteract isolation. For our work, these prior
studies provided an important background when selecting appropriate study sites, deciding the
degree of active participation needed, choosing musical material, and assessing the degree of

engagement and collaboration with PwD, their families, and caregivers required.

In summary, a wide range of activities can positively affect living with dementia and
its individual and social consequences. Additionally, different treatments can decelerate the
progress of cognitive difficulty and the loss of common capabilities (Colcombe & Kramer,
2003). Exercise programs have proven to be promising since they target not only the symptoms
of dementia but also other risk factors. Studies have indicated that exercises can improve phys-
ical abilities and hence the everyday capabilities of PwD (Kemoun et al., 2010). Outside of
physical activity, treatments also seek to involve PwD in other pursuits such as creative activ-
ities (crafts and drawing), music therapy (singing, listening, and dancing), and biography-ori-
ented activities (re-enabling former hobbies and interests). These activities have been found to
positively affect individual mood, social-emotional behavior, and communication skills, thus
improving psychosocial well-being. Art and music therapy can improve not only the memory
but also the happiness of PwD. It can reduce depression, a lack of life perspective, and isolation
as well all while increasing their ability to make decisions and their overall sense of hope (Han-
nemann, 2006; Sarkamo et al., 2014; Schmitt & Frolich, 2007). Again, participation in these
activities must be seen in a nuanced way, and Morrissey et al. argue that experience-centered
design is needed to produce and further enhance these enriching experiences (Morrissey et al.,
2016a). Given all this experiences and knowledge, technological solutions that seek to support
PwD and their caregivers in everyday life must consider not only physical and cognitive activ-
ities and related performance but also mutual and meaningful experiences, alongside aspects

of the routine activities present in their lives.
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Designing and Developing Technology in Aging and Dementia

The work presented in this thesis adopts approaches from specific fields of HCI to obtain a
detailed understanding of the practice-oriented and experience-centered design, development,

and evaluation of the overall system.

Technology in Aging and Dementia

Due to the aforementioned demographic change with all its economic and sociodemographic
consequences, the future situation is predicted to result in more individuals not receiving ap-
propriate professional care and social support. Regarding the differentiated approaches and
critical scientific discourses in the field of social sciences and technology, older users are often
associated with negative societal assumptions about aging and considered to be limited by
physical and cognitive deterioration, as well as slow at performing with technology, and thus
experience social isolation and a loss of independence and competence to manage their daily
lives (Vines et al., 2015). Technical assistive systems for individuals needing care, especially
PwD, could offer tailored and needs-based therapy concepts and activities. Important and for-
ward-looking questions address how such socio-technical assistance systems will look and
what kind of support will be offered for PwD and their families. For instance, how can a socio-
technical perspective establish across different research domains, and how will care scenarios
and practices develop further? What role can technology have in this scenario, and how can it
be integrated into individual and social lives, care networks, and practices? To what extent can
a technical implementation consider and suit the sensitive and vulnerable circumstances in de-
mentia care? Inspired by the prior arguments of Vines et al. (2015), we ask whether the ways
in which dementia and the related development of IT in multiple ongoing disciplines are
framed, articulated, and understood as an interdisciplinary research challenge in the field of
HCI and based on the predominating biomedical view of dementia is limiting how we design

and evaluate technology for and with PwD.

To approach these questions, in the following section, we provide an overview of the
state of the art in research and technology regarding ICT in the context of dementia in the
following section. Several technical solutions for dementia are available on the market; some
are currently available and differ considerably according to the respective field of application
and degree of product readiness. The most common solutions in the context of dementia con-

cern the fields of electronics, microsystems, and software technology. The current research
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situation is characterized by many studies and funding programs that have determined to de-
velop ICT to support PwD and their caregivers. The technologies can be divided into six cate-
gories: (1) virtual companions and navigation assistance, which enable support in navigation,
day structuring, and communication; (2) therapy and companion robots, which are used for
emotional stimulation and promoting social interaction; (3) support robots, which help individ-
uals with logistical and domestic activities (one form, so-called prompting systems, can help
in the form of linguistic or visual hints for day structuring); (4) mobilization by movement
trainers (serious games, exergames, and health games), which support and stimulate one’s
health and quality of life by the physical activation and training of elementary motor functions;
(5) systems that can activate emotionally and cognitively through memory exercises, creative
stimulation, and biography work, which help PwD to not lose touch with their environments;
and (6) activity monitoring that enables the creation of activity profiles using discrete sensor

technology and anomalies to be registered and intervened accordingly (Schultz et al., 2014).

Human-Computer Interaction in the Context of Dementia Care

Over the past decade, research and development in the field of HCI and dementia care has
provided technological models and research results that offer novel insights in all six categories
mentioned above, such as social participation, personal autonomy, and the quality of life of
older adults and PwD (Mokhtari et al., 2015; Miiller, 2014; Miiller et al., 2015; Pinto-Bruno et
al., 2017a; Wan, L., Miiller, C., Wulf, V., Randall, D., 2014). In the context of PwD, assistive
technologies for the smart home, telecare, and low-level technologies are considered the most
accessible assistive technologies on the public market. Furthermore, assistive technologies for
PwD and their families are specifically designed to support the daily activities of PwD, for
safety monitoring and as a memory aid, to prevent social isolation and facilitate everyday life
(Lorenz et al., 2019; Martinez-Alcala et al., 2016). The HCI-based literature concerning PwD
has grown in recent years and covers topics that range from methodological approaches (Brank-
aert, 2016; Brankaert et al., 2019; Hendriks et al., 2014; Lazar et al., 2017; Morrissey et al.,
2017), music and artifact development (Benveniste et al., 2012; Lazar et al., 2017; Morrissey
et al., 2016b), exergames (Colombo et al., 2012; Unbehaun et al., 2018b, 2018d), and the use
of art and design processes that focus on reciprocity (Kenning, 2018). These topics emphasize
using (creative) engagement to articulate personality, with technology cast in a supporting role.
In Addressing the Subtleties in Dementia Care: Pre-study & Evaluation of a GPS Monitoring

System, Miiller et al. present a user-centered development for a GPS-based monitoring system
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to be used in three different environments of dementia care: institutional care at a care home,
institutional care at a hospital, and familial care at home (Miiller et al., 2014). The study, which
consists of a full design process, including the qualitative-empirical pre-study, the prototyping
process, and the evaluation of the long-term appropriation processes of the stable models, ad-
dresses the problem of individuals with late-stage dementia wandering. While the developed
model proved to have a positive impact on the experiences of PwD, their families (reducing
anxiety among family members), and especially professional caregivers, who profited from a
greatly reduced search area, some minor problems emerged: Interviewees reported a dislike of
the tracker size, preferring smaller and known artifacts such as thin bracelets. In addition, the
solution must be easily usable, even by older individuals and those less familiar with IT. In the
study, older care home staff members had difficulties managing the system; above all, they
stressed the need for flexible, creative, and practical solutions, adapting to the heterogeneity
and complexity of caregiving contexts, as well as different users’ needs in each specific con-
text. Assistive tools must therefore consider the patient’s condition, organizational and family
routines, and the different moral commitments of the parties involved, as well as the conse-
quential but constantly renegotiated care philosophies. Moreover, “solutions must allow tailor-

ing to meet these conditions” (Wan, L., Miiller, C., Wulf, V., Randall, D., 2014).

Numerous studies have also focused on enhancing or replacing the cognitive skills that
erode over the course of an individual’s dementia. Here, technology intends to help PwD con-
nect with their environments. An example of such an intervention is Ticket to Talk, which
facilitates the exchange of personal memories and intergenerational conversation (Welsh et al.,
2018). Information communications technology can also deliver experiences that are no longer
attainable in the real world. For instance, virtual reality environments offer a creative medium
for comfortable and enriching experiences that can promote and improve the quality of life of
PwD (Hodge et al., 2018). A significant outcome of many of these interventions is that they
seek to involve PwD and other stakeholders in the design process (Brankaert, 2016; Unbehaun
et al., 2018b). However, despite the highly principled ethos attached to these approaches, the
interventions are often short-lived and framed by project timelines. The successful integration
of these technologies over time depends less on the efforts of researchers than how the tech-

nologies are oriented to and promoted by caregivers.

Miiller et al. have presented several empirical studies that were conducted in the context

of developing a GPS locating system for individuals with dementia in Germany. In their study
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titled Dealing with Wandering: A Case Study on Caregivers’ Attitudes towards Privacy, they
reflect on the use of location-based systems (LBS) and how family and professional caregivers
cope with wandering behavior, which is often a challenge for all actors involved (Miiller et al.,
2010). Reporting on the challenges of familial caregiving, Miiller et al. observed that the care-
giver often comes to the point of giving him- or herself up fully and seeing no personal space
for rest . Concerning PwD, Miiller et al. recognize that “for people in early stadiums [of de-
mentia] where the system could provide a real enhancement of personal freedom and safety,
people are often not open to look for suchlike help systems.” Additionally, “caregivers of de-
mented persons at home are elder people who have only low or no affinity to new media and
ICT.” Technology design and development must therefore consider several aspects from the
professional caregivers’ perspective, including the well-being and burden of demented patients,
the degree of dementia and disorientation of PwD, the responsibilities of caregivers, the work-
load of caregivers, communicative strategies, legal and gender aspects, and the relationships
between professional caregivers. Technology, in its functionalities, should thus consider the
various contexts, strategies, and conditions of individual methods of coping with the individual

and social context of PwD and their caregiving networks (Miiller et al., 2010).

A growing body of work focuses on the relationship between HCI, music- and fitness-
based activities (Biehl et al., 2006; Hartnett et al., 2006), and rehabilitation (Music & Murray-
Smith, 2010). Some work also explores the relationship between music, auditory cues, and
cognition (HCI Korea [Conference] et al., 2014). The most pertinent music-related literature in
HCI, however, focuses directly on how music might contribute to therapy for PwD. This liter-
ature generally recognizes the potential benefits of using music with PwD. In fact, several stud-
ies suggest that passive music consumption and more active participation in the form of singing
and dancing currently affect the lives of PwD in care homes (Morrissey & McCarthy, 2015).
Some studies thus focus on providing smartphone-based applications to identify the music
preferences of PwD and delivering filter-based recommendations based on this information
(Stoeckle & Freund, 2016). Others recognize the difficulty PwD may have with conventional
interfaces and offer distinctive ones that can handle the playback of music more effectively
(Seymour et al., 2017). In a more active vein, some research has developed interfaces that
might enable PwD to engage in creative music-making and musical performance. Riley, for
instance, presents a creative use for touchscreens, while Favilla and Pedell extend this to
touchscreen-based collaborative music-making for PwD (Riley, 2007; Favilla & Pedell, 2013).
Drawing upon McCarthy and Wright’s (2015) arguments about participation in experience-
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centered design, Morrissey et al. suggest using technology to support active music sessions in
care homes with physical percussion instruments and props (Morrissey et al., 2016b). Some
research notes that music therapists are becoming a scarce resource as the number of PwD
grows and suggests ways that technology might support the remote provision of music therapy
(Kosugi et al., 2013). Of particular note is an interactive music game that Tsiakis et al. specif-
ically designed to improve the attention levels of PwD (Tsiakas et al., 2016). Here, a robot
plays four songs and asks PwD to name them; it assesses the performance of the players and
modulates the level of difficulty accordingly. This game is currently only in the design stage
and has not been implemented. It was also founded solely on the music therapy literature rather

than being grounded in specific studies with PwD.

Serious games and exergames are game applications that surpass pure gaming by com-
bining information, skills, and knowledge entertainingly. For this purpose, different physical
or cognitive exercises, computer games, and new technology is combined with a gamification
approach into ICT and applied to a broad spectrum of application domains, such as training,
education, sports, and health. Video games that focus especially on involving physical exercise
in a virtual game environment are called exergames. Exergames have become increasingly
visible in the field of HCI and health prevention and the support of physical activity in older
adults in recent years (Douglass-Bonner & Potts, 2013; Siriaraya & Ang, 2014; Smeddinck et
al., 2015a; Vaziri et al., 2017b). Advantages of exergames include the entertaining aspects of
a video game that encourage users to train physical abilities and cognitive skills simultane-
ously. Exergame systems can include controllers with built-in sensors, such as the Nintendo
Wii; pressure sensors, such as the Nintendo Wii Balance Board; and camera systems, such as
the Microsoft Kinect or the Sony Playstation Eyetoy, which are controlled by gestures. An
example application for exergames is the interactive TV system iStoppFalls, based on Mi-
crosoft Kinect, used to prevent falls in older individuals (Marston et al., 2015; Ogonowski et
al., 2016a). Adapting to new information and exercising can lead to positive effects in learning
and memory. Exergames in dementia care that combine physical and cognitive objectives could
reequip PwD with capabilities and skills that facilitate social interaction and collaboration and
thus help to ameliorate depression, anxiety, and stress (Férnandez-Calvo B., Rodriguez-Pérez
R., Contador I., Rubio-Santorum A., Ramos F., 2011; Lazar et al., 2017b; Weybright E., Dattilo
J., Rusch F., 2010). Padala et al. even found that exergaming can have a positive effect on the

balance and gait of individuals with Alzheimer’s (Padala et al., 2012). Exergames and cognitive
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serious games can also positively influence individuals on a social and emotional level, reduc-
ing depression and stimulating interaction. Yamaguchi et al. examined the effects of sports
video games in a fixed care setting (Yamaguchi et al., 2011) and observed improvements in
emotional and social health in situations of cognitive impairment, indicating the value of fur-
ther research in this area. Robert et al. have therefore argued that serious games could be useful
instruments for interaction between professional nurses and patients with cognitive limitations
and have strongly advocated intensified collaboration between the relevant disciplines (Robert

etal., 2014a).

Reflecting on Technology Design and Evaluation for Older Adults and in the

Context of Dementia

As Vaziri states, the older adult population is heterogeneous, and the understanding of their
perspectives on health, quality of life, and technology use may be complex (Vaziri, 2018).
Approaching the ambitious aim of designing appropriate ICT for older adults in the context of
dementia, utilizing qualitative and quantitative methods, could therefore enable the investiga-
tion of a wider range of subtle details, providing a more detailed and complete picture of older
adults’ practices, attitudes, perspectives, and relations with their social environments (Brannen,
2005; Green et al., 2015; Vaziri, 2018). To design and develop innovations that meet the prac-
tical demands of more than single users, researchers should use qualitative research methods
to evaluate the diverse spectrum of the expectations and needs of users and stakeholders. Con-
cerning participatory design as it was originally introduced in Scandinavia in the 1980s, where
it was articulated related to the workplace democracy movement, the involvement of users is
of particular importance as it facilitates close cooperation and interaction between stakeholders
(Clement & Van den Besselaar, 1993). Participatory design can be defined as a

democratic process for design (social and technological) of systems involving human
work, based on the argument that users should be involved in designs they will be us-
ing and that all stakeholders, including and especially users, have equal input into in-
teraction design. (Muller & Kuhn, 1993)

The method of participatory design therefore focuses on considering and understanding end
users’ knowledge so that they can actively participate in the design and development processes
and thus conceive new solutions (Simonsen & Robertson, 2013). This participatory method
can offer users a say in the design process without their knowing (or understanding in the con-
text of dementia) the language of professional development, technological design, and various

evaluation mismeasurements. When using the participatory design method, it is crucial that the
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users are fully involved in the design activities and that the resulting concepts and models are
tested and evaluated in everyday environments under everyday conditions (Clemensen et al.,
2017). The participatory research and development process is extended by the early assessment
of user needs and the corresponding usage behavior in the everyday context. This step offers
the advantage that context-specific usage problems and any unintended usage patterns can be
detected at an early stage and that these findings can flow directly into the evaluation and thus
enable the timely improvement and further development of the ICT-based application. This
methodological approach aims for an improved understanding of the context, the development
of demand-oriented end user models, the permanent context-relevant evaluation, and the de-

velopment of concepts through discourse with users, developers, and researchers (Hartson,

2018; Kushniruk & Nehr, 2016).

When it comes to designing for and with PwD, while individual circumstances matter,
the social context must be considered as well (Hendriks, Truyen, & Duval, 2013). Depending
on their states of dementia, PwD may not be able to communicate their emotions fully, so
relatives or caregivers may need to serve as intermediaries, though it can be difficult for even
relatives to accurately convey their needs. Bouchard et al. recommend developing appropriate
interaction mechanisms for cognitively impaired individuals (Bouchard et al., 2012), and in the
context of developing serious games, the design and exercises must be easily adapted to the
cognitive abilities of the target group (Robert et al., 2014). To adequately address this chal-
lenge, all stakeholders, including the PwD themselves, should be involved in the design, de-
velopment, and evaluation processes. When developing guidelines for design with PwD, Hen-
driks et al. (2013) found it almost impossible to formulate guidelines that could cover every
PwD since dementia follows a specific course with each individual. More studies are needed
to establish even the most basic requirements arising from dementia (Hendriks et al., 2013).
Lindsay et al. suggest undertaking design-related activities with PwD in small groups and
adopting a familiar and easygoing attitude. Participants are more likely to feel comfortable and

discuss matters among themselves if a solid basis of trust is created (Lindsay et al., 2012).

In the case of PwD and their caregivers, using a participatory design method can facil-
itate appropriation by allowing a deeper understanding of their unique symptoms, difficulties,
and needs; the collective development of design decisions; and the early integration of all stake-

holders in the design and evaluation processes (Slegers et al., 2013). Furthermore, by broaden-



22

ing the scope of our approach, we are also addressing Mayer and Zach’s complaint that tradi-
tional participatory methods are insufficient when managing PwD and that user studies often
generate only limited insights (Mayer & Zach, 2013a). While effective participatory design—
based research is feasible with PwD, it is not without its challenges (Hendriks et al., 2014;
Hubbard et al., 2003; Louise, 2009). As caregivers are often overstretched, gaining access to
them and the individuals they are caring for can be difficult. Beyond recruitment, interviews

can be challenging as PwD may not have the capacity to provide sufficient feedback.

People with dementia can be limited in their verbal communication, memories, deci-
sion-making ability, and emotional stability. Successfully involving PwD in a research process
can therefore necessitate considerable effort being devoted to building trust and encouraging
engagement. Karlsson et al. have thus suggested that familial or professional support to recon-
cile the issues that arise with ICT systems is a critical part of the integration of such technology
among PwD. Caregivers may therefore have a vital role in the research and interview processes
(E. Karlsson et al., 2011). In addition, it is not only a matter of identifying the needs of PwD
but also one of considering and respecting the needs and interests of PwD and their caregivers
and involving them all in the research activity. In 2016, Wan et al. presented a user-centered
development process for a GPS monitoring system to be used to support dementia care for
individuals with wandering behavior while assessing the practical and ideological issues sur-
rounding care from a socio-technical perspective (Wan et al., 2016). Based on the “assumption
that all the activities of organizational actors. . .in a cooperative project might contribute to the
formulation of design goals,” they sought to examine how understanding the practices of po-
tential users can be viewed as contributions to design and how the practices of research partic-
ipants can mediate possible contributions to the best practice. In a study by Foley et al. (2019),
interactions with residents with dementia in a care setting were also considered “opportunities
for collaboration.” Their work revealed that by using tangible objects, “moments of (mutual)
recognition and meaning co-creation were supported through anchoring collaborative actions
and sense-making in the physical world.” Participation in a conversation can also create a sense
of belonging, with PwD being recognized for their basic needs and social contributions (Foley

etal., 2019).

While several promising results of supportive technology in dementia care have re-
cently emerged, the long-term interaction and sustainable use of these technologies and insights

in stakeholder-oriented appropriation processes remain limited. Researchers and developers
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face different challenges in designing, developing, and evaluating technology and actively in-
volving PwD (Suijkerbuijk et al., 2019). Studies that report on the methodology and evaluation
of the experiences of integrating PwD themselves are lacking; further studies on their active
involvement and co-designing in the context of dementia care are therefore needed (Suijker-
buijk et al., 2019). In the context of design for and with PwD, technological artifacts such as
ICT-based training systems may have a different impact on the lives of PwD and their social
environments than what was originally intended. The individual appropriation and social inte-
gration of technical artifacts into the daily lives of older adults with dementia thus seem to be
crucial for appropriation and integration into routine practices and sustainable use. A key issue
here and a motivation of this thesis is the lack of multiuser empirical studies that explore how
ICT can support PwD and their relations within their social care networks and complex chal-

lenges of everyday life.

RESEARCH QUESTIONS AND CONTRIBUTION

Studies have confirmed that the progression of dementia and managing everyday life despite
its consequences can be positively affected by several interventions and reduced through phys-
ical and cognitive activity (Eggermont, L., Scherder, E., 2006; Eggermont et al., 2006; Ruan et
al., 2015). Exercise and training can increase physical abilities, cognitive resources, the scope
of social interaction, and psychosocial health (Gajewski & Falkenstein, 2016; Peluso & An-
drade, 2005). Blankevoort et al. (2010a) found that physical activity with multifaceted inter-
ventions that involve endurance, strength, and balance exercises is beneficial at all stages of
dementia as it results in notably greater improvements in walking speed, functional mobility,

and balance than exercises involving only strength training.

Several studies have also illustrated that physical training can improve the mental health
(Patricia Heyn et al., 2004), cognitive performance (Colcombe & Kramer, 2003), and physical
resources (Hauer et al., 2012) of PwD, enhancing their capacity to cope with the challenges of
everyday life (Kemoun et al., 2010). In addition, creative activities, such as art therapy and
music-based activities, can benefit sociability, increase self-esteem, and create meaningfully
positive stimulation for PwD (Hannemann, 2006; Logsdon et al., 2007; Sarkamo et al., 2014).
Music in particular has come to the fore as a resource for interacting with PwD since especially

biographically relevant music can facilitate individual and social well-being, as well as awaken
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memories, even in an advanced stage of dementia, based on its emotional significance. Differ-
ent studies have reported that music-based activities can support the treatment of dementia-
based symptoms, including fear and anxiety, positively influencing individual moods and be-
havior (Fang et al., 2017; Wall & Dufty, 2010). Regained language skills, increased well-being,
reduced negative emotions, and increased self-esteem have all been observed during music-
based activities with PwD (Griimme, 1998). Altogether, art and music activities can contribute
significantly to the well-being of PwD, alleviate challenging situations, and improve the quality

of life for both PwD and their social care networks.

In this context, studies have indicated that interactive assistive technology systems may
stimulate and support the pursuit of physical fitness at home among older adults, enhance
PwD’s interpersonal relationships, and promote social well-being (Mélodie Boulay et al., 2011;
Férnandez-Calvo B., Rodriguez-Pérez R., Contador I., Rubio-Santorum A., Ramos F., 2011;
Weybright E., Dattilo J., Rusch F., 2010; Yamaguchi et al., 2011a). Most dementia-related
technology focuses on the safety, physical and cognitive stimulation, and entertainment of PwD
(Lorenz et al., 2019). In this regard, video games, particularly exergames, have recently demon-
strated considerable promise. Studies have revealed that video games can lead to improvements
in fitness, adherence, and balance, regardless of age (Anderson-Hanley et al., 2012; Colombo
et al., 2012; Garcia et al., 2012; Gobel et al., 2010a; Ogonowski et al., 2016b; Vaziri et al.,
2016a). Moreover, combining physical, cognitive, and socio-emotional activities, exergames
could further support PwD by promoting social interaction and collaborative activity, thus al-

leviating symptoms of dementia.

However, few empirical studies examine the potential to support PwD and their care-
givers in managing the challenges of social and daily life in their real-world environments. A
pressing need for more focused studies in HCI that consider aspects of person-centered care
and can therefore inform the ongoing development of ICT-based systems, such as exergames,
with practical impressions, experiences, and emotions from PwD and their social care networks
has thus arisen. Little research investigates the potential of exergames to promote physical ac-
tivity, social interaction, and collaboration between PwD and other individuals, such as rela-
tives and informal and professional caregivers, in their social environments. An inspection of
the literature reveals a research gap regarding the assessment of the long-term effects of exer-
games on PwD in the context of their social environments and the role of relatives and profes-

sional caregivers in regularly mediating and integrating technology into the daily lives of PwD.
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This thesis therefore focuses on the evaluation of the exergame-based system that was designed
for PwD and their caregivers. During that process, PwD and their relatives and caregivers were
involved as co-designers to provide their thoughts about the system. This thesis provides some
answers to these questions by examining the impact of the system on the social environment
of dementia and the role of relatives and professional caregivers in supporting the lives of PwD.
In the following paragraphs, we investigate the user experience, focusing on the joy of use and
emotional interactions, and determine how the exergames affect PwD and their caregivers in-
dividually and socially. Our results could help designers better understand where to focus their
efforts when designing technology for specific target groups. In the summarized findings, we
provide various significant insights that became manifest through our analysis of the results
across the different publications. This work therefore seeks to address the following three main

research questions:

(A) How does the exergame-based system affect PwD and their social care networks, and how
can such a system create opportunities to improve health, quality of life, and well-being in the
context of dementia care? Specifically, we consider the impacts on the physical and cognitive
capabilities of PwD while they are using the system and after they have used the system over

a longer period of time.

(B) To what extent can the exergame-based system initiate social interaction, foster social ac-
tivity, stimulate meaningful interactions, relieve the challenges of daily care, and enable social
impacts for social care networks? What processes do caregivers recognize as an important part
of the social appropriation of technology, and how can the exergame-based system enrich and
support the complex routines and challenges that the relatives and professional caregivers of

PwD face every day?

(C) How should exergame-based activities be designed to positively affect individual capa-
bilities and consider the social environment of dementia? To help designers and researchers
in the fields of HCI and CSCW better understand where to focus their efforts when designing
ICT or exergames for PwD, we investigate general and specific factors involved in designing
video games that could encourage their long-term use and sustainability. This work therefore
contributes to filling this research gap and expanding the current discourse on HCI and de-
mentia by examining the impact of a suite of exergames that were designed to support the

daily life activities of PwD and their social environments.
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METHODS AND RESEARCH DESIGN

The Research Project: MobiAssist

This work is part of the three-year interdisciplinary research project called MobiAssist, which
involves different research partners from diverse domains, including sports and nursing sci-
ences, care software engineering, and game development, as well as institutions concerned with
the care of older adults. A basic model that had been developed for a previous project (2011—
2014) and aimed at assisting older adults at risk of falling was available at the beginning of this
research project in November 2015 (Gschwind et al., 2015; Ogonowski et al., 2016a; Vaziri et
al., 2017b). This model, which had been refined throughout the previous project, was adapted
to the new target group, allowing for the ongoing observations, evaluation, and user feedback.
Some prior game and training concepts, especially the strength games and reaction assess-
ments, were preserved and converted into a new game engine (Unity), modified for the new
target group, and simplified, while other games were excluded from the system for requiring
an excessive level of physical and cognitive skills. The objectives and vision of this project
concerned improving the physical and cognitive activity of PwD and offering sources of relief

to their social care networks.

Study Design and Research Stages

The study design was structured as (1) a two-year LivingLab to regularly evaluate and redesign
the prototype together with PwD and their caregivers and (2) an eight-month multi-centered
evaluation to assess how the system was used without any regular support from the researchers.
Within this LivingLab, a research infrastructure for long-term user involvement in a participa-
tory design approach and evaluation procedures was established (Eriksson et al., 2006). Qual-
itative preliminary studies were therefore conducted within the scope of identifying relevant
usage contexts, determining requirements, and repeatedly redesigning early models while con-

sidering the feedback of PwD and their social care networks.

In the LivingLab studies (see Table 1), which lasted from January 2016 to November
2017, we explored the existing practices, organizational and social perspectives, and individual
and social needs and challenges that PwD face in their everyday social surroundings. This pro-
cess involved semi-structured interviews and observations of daily activities in different day-

care centers, care facilities, and households to gain meaningful insights into the daily lives of
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PwD. We also conducted interviews with informal and professional caregivers, as well as other
stakeholders from related disciplines, including practitioners, therapists, and experts from the
Alzheimer’s Society. From the outset, the LivingLab approach thus enabled open collaboration
among various actors, reflecting their different knowledge, interests, and expectations. In close
cooperation with partners who provide care services, we recruited six care facilities and three
ambulatory care institutions to present the overall project and establish long-term partnerships
as soon as the project began. Additionally, we visited regional dementia networks, political
actors, NGOs, physiotherapists, physicians, therapists, and self-help groups for PwD and their
relatives to present the project and extend the partnership network. In several iterative steps,
exergames were designed and deployed in many care facilities, where more than 20 PwD and
their 12 caregivers regularly interacted with the system in different stages. For the iterative
deployment, the exergame-based system was modified according to the observations of the
PwD and their caregivers and the interviews that had been conducted during previous research
stages. Throughout this stage, the participants’ interaction and experiences with the exergames
were regularly assessed across the different settings, with the system constantly being rede-
signed, refined, and extended to reflect the insights that arose from our observations of its use
and the feedback we received from the PwD and their formal and informal caregivers. We
proceeded in this manner to examine the potential of this system for all the relevant stakehold-
ers. In keeping with a participatory design approach, we were particularly keen to involve PwD
and their caregivers as co-developers, drawing upon their different knowledge, interests, and
aspirations as the research and system evolved. There followed a short period of redesign where
the insights that arose from the LivingLab study were assimilated to develop a more complete

model for the multicentered evaluation study.

In the multicentered evaluation study (see Table 1), we deployed the system in a differ-
ent set of households, daycare centers, and care facilities. The purpose of this study was to
attain a concrete understanding of how appropriately tailored technical solutions for the target
group (PwD and their caregivers) will need to be designed as other similar systems are devel-
oped in the future. The main evaluation study followed the research design of a multicentered
intervention study, with a project start date of November 2017 and a project end date of October
2018. Over four months, the study examined the interaction of 53 PwD and 25 of their care-
givers with our system. This examination occurred across different settings, including daycare
centers, care facilities, and domestic households. The caregivers were asked to set up and use

the system according to a daily training plan that was based on sports science—related evidence.
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We wrote and distributed a manual on how to use the system and its games and introduced it
to the participants in two general onboarding meetings at their institutions or homes after the
initial deployment. The purpose of this approach was to examine how PwD and their social

networks would use the system.

Table 1: Overview of LivingLab and Multi-centered evaluations study

Participants and Settings

The contacting and recruiting of PwD and their households proved to be difficult. In the first
interviews with PwD and their relatives, we discovered that their social environments are so
constrained by time and emotions that contacting them without a mediator is all but impossible.
We therefore contacted more daycare centers. In an early research stage, we worked together
with three ambulatory care institutions and six daycare centers around the city of Siegen. To
obtain a comprehensive picture and diverse impressions, we deployed the exergame-based sys-
tem in different households and daycare centers over 20 months and collaborated closely with
the care institutions and participants to regularly evaluate and redesign the exergames. We vis-
ited the different care institutions individually twice a week to conduct moderated training ses-
sions. We also visited participants at their homes regularly, usually once or twice a week. In
both settings, we provided regular weekly supervision and moderation to help if technical prob-
lems occurred. Furthermore, we supported, motivated, or simply played the exergames with
the participants to observe and understand their reactions. The system was permanently in-
stalled in the daycare settings. Most care institutions participated for four to six months; how-
ever, one daycare center and one care facility were involved for the entire project period and
even after the project had ended. Two researchers visited the day-care center twice a week to
moderate the sessions and help if needed. The researchers applied a division of labor, with one
moderating the session and the other taking notes, so that one of them was always available to
help the PwD without distraction. The system was installed in specific rooms in the facilities.

Fixed installations also occurred in households. Here, in contrast to the daycare centers where
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the researchers conducted the sessions, the PwD and their relatives were asked to familiarize
themselves with the game and train regularly.

The LivingLab studies (see Chapters 5—7) covered the exploratory empirical research
and work for the first two years of the project, which concerned 26 PwD in households and
eight care facilities (care homes and daycare centers). The number of participants in a session
varied since all participants were not in the care facility every day. The sessions in the daycare
centers permanently included three to six regular participants with diagnosed early- to mid-
stage dementia, aged between 70 and 90 years. It also depended on the health and mood of the
participants, who did not always want to play. Outside the sessions, the training room was left
open so that every guest in the facility could go in and play. Informal and professional caregiv-
ers, as well as physiotherapists, also participated in the moderated sessions to some degree.
Participants in private households needed to have a TV with an HDMI port at their homes, with
at least three meters of space in front of it, so that they could use the system without risking
injury. No financial compensation was offered to the participants. For health and personal rea-

sons, the number of participants declined over time.

The main multicentered evaluation study (see Chapter 8) included 53 adults with early-
to mid-stage dementia and 25 informal and professional caregivers in three different cities. Of
these participants, 23 attended care facilities, and most attended various sessions regularly. The
inclusion criteria for the study were a diagnosed early stage of dementia, the informal consent
of the PwD’s physician, and the consent of the PwD. Participants were excluded from the study
if (1) their dementia was beyond a moderate stage; (2) they had in-parallel chronic diseases
such as cardiovascular illness and cancer; or (3) their physical fitness was impaired such that
they could not walk without assistance. Relatives were asked to self-report on the general con-
ditions, capabilities, and diseases of the participants; professional caregivers then confirmed
this data. It is worth mentioning that the different settings were subject to specific empirical
investigation. One of these was the ambulatory care setting, where the system was deployed
and executed at individuals’ homes; the other was the stationary care facilities and daycare
centers, where the PwD are guests for the day but return home in the afternoon. No financial

compensation was offered to the participants.
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Data Collection

The presented studies were formulated as design case studies as Wulf et al. (2011) origi-
nally articulated. This methodology consists of three ideal stages: (1) a pre-study that in-
volves the empirical analysis of existing individual and social practices in a specific field;
(2) the design of innovative ICT-based artifacts related to the findings from the pre-study;
and (3) an investigation into the interaction with and appropriation of the designed tech-

nical artifact over an extended period.

To establish close cooperation between researchers, care providers, and end users, we
established a LivingLab network at the beginning of the project and applied participatory re-
search methods throughout the project. Nontechnical research questions, especially ethical, le-
gal, and social issues (ELSI), were also considered, as the development and evaluation in the
later usage context occurred in different settings and with various actors and their practices in
their real-world environments. Stakeholders and participants were invited to be co-designers
during the design, development, and evaluation processes. In terms of data collection, we de-
ployed the system in the different stages of the project in assorted sets of households and care
facilities. The long-term establishment of the LivingLab approach and its continuous visits over
the project period, which included visiting participants at their homes and facilities once or
twice a week to conduct training sessions, enabled and fostered close collaboration with the
PwD and care institutions. In both settings, we provided regular weekly supervision and mod-
eration to help if technical problems occurred; we also supported, motivated, or simply played
the exergames with the participants to observe and understand their reactions. In the daycare
settings, the system was permanently installed in the group activity rooms. Two researchers
visited twice a week and moderated group sessions with around four to eight permanent par-
ticipants. The researchers applied a division of labor, with one moderating the session and the
other taking notes, so that one of them was always available to help the PwD without distrac-
tion. The system was installed in specific rooms in the facilities, where the training occurred.
Fixed installations also occurred in households. Here, in contrast to the daycare centers, the
PwD and their relatives were asked to familiarize themselves with the game and train regularly.
In most households, the PwD and their relatives had no problem operating the system them-

selves and developed their own training schedules.

Semi-structured interviews and observations were conducted in households and care

facilities. In an early stage of the project, the interview questions focused on the biographies of
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PwD, their daily routines and physical and cognitive resources, and the effects of dementia on
their individual and social lives. Participants were encouraged to elaborate freely on these top-
ics. All interviews were conducted face-to-face, audio recorded, and transcribed. The inter-
views lasted 30 to 120 minutes each and were supplemented by observations of participants’
interactions with the system. All the data were enhanced with research notes that captured in-
dividual experiences and observations across the household and daycare settings, including our

regular exchanges with the participants via e-mail and telephone.

In addition, several sets of design workshops with different foci were conducted in care
facilities. These workshops were structured as follows: introduction, focus group interview,
mapping, ideation, and discussion. In the introduction, we became familiar with the participants
and their ways of working, the care structures, the activities and interventions that daycare staff
offer, their experiences with technology, and their expectations. After the first set of work-
shops, we analyzed the outcomes and their implications for the next round of design. In the
second set of workshops, we created paper-based models and design mockups that attempted
to address the stakeholders’ needs and expectations uncovered during the first set of work-
shops. Based on the results, we then explained what elements would be needed to develop the
game, which led to a focus on specific aspects, such as the graphical arrangement of objects,
different game mechanics, levels, required speed and movements, degrees of difficulty, and
user interface. In the third set of workshops, the nature of the virtual environment and general

functionality became the focus.

Multicentered Evaluation Study

Over four months, we conducted a multicentered study that examined the interaction of 53
PwD and 25 of their caregivers with our system. In the study, informal and professional care-
givers functioned as technology mediators. This study thus focused on these caregivers’ (so-
cial) appropriation and perception of the system, motivated mainly by the following research
questions: What processes do caregivers recognize as having an important role in the social
appropriation of technology, and how exactly are systems socially appropriated and contextu-
alized in everyday life? The evaluation study occurred across different settings, including day-
care centers, care facilities, and households, and involved PwD and their informal and profes-
sional caregivers. The caregivers were asked to set up and use the system according to a daily

training plan that was based on sports science—related evidence. We created individual training
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plans and recommended at least 15-20 minutes of training a day with and in front of the system.
Participants were advised to begin with the training plan, and then, if they wished, they could
continue in free game mode. We wrote and distributed a manual on how to use the system and
games and introduced it to the participants in two general onboarding meetings at their institu-
tions or homes after the initial deployment. The purpose of this approach was to examine how
PwD and their social networks would use the system without the regular support of the re-
searchers. Assessments and interviews were performed with participants and their relatives and
professional caregivers. During the initial assessment, sociodemographic, health, and care-rel-
evant information was acquired, and semi-structured interviews were conducted. Physical and
cognitive tests were also executed before and after the system evaluation. Here, we focus only
on the qualitative data. Overall, 69 interviews were conducted with PwD and their caregivers

before and after the multicentered evaluation study.

Data Analyses

The qualitative data consisted of audio recordings and field notes collected during the inter-
views and observations throughout the project. After the full transcription of the interviews
was completed, the transcripts were reviewed and coded. Data analysis was performed by using
thematic analysis (Braun & Clarke, 2006a), following a series of established steps, including
the coding of the material, systematic revision of the coded segments, and identification of
code families and their relationships, in the search for themes (Braun & Clarke, 2006a; Gibson
et al., 2015). As result categories derived from our semi-structured interview guidelines and
original codes—which included aspects such as motivation, facilitating memories, audience
participation, engagement, and movement—were created, coding differences were discussed
and eliminated by adding, editing, or deleting codes. Several empirical codes that were used to
encode relevant data excerpts across the entire collection of empirical data were identified.
Moreover, the relationship between codes to identify and develop our themes (Braun & Clarke,
2006a) was investigated further. All the interviews and field notes were anonymized, en-
crypted, and stored on a university platform that is not used for commercial purposes. To tri-
angulate our data, we adopted three strategies: (1) discussing the same topics with relevant
actors at different times and in varying levels of detail, (2) discussing similar topics with dif-
ferent actors, and (3) discussing our findings within the project team, which included experts

from the fields of sports and nursing sciences, as well as experts from NGOs.
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Ethical, Legal, and Social Considerations

Based on the ethical boards’ recommendations to ensure participant privacy and data security,
the interviews with PwD and their relatives were conducted in consideration of different doc-
uments to respect and ensure the privacy of personal data. These documents were prepared
according to legal provisions and valid only when combined with a personal declaration of
consent, which the participants could revoke at any time. Additionally, to avoid medical com-
plications, a medical declaration of no objection, in which each participant excludes certain
medical risks, was prepared. The mentioned documents were part of the University of Siegen’s
first ethics approval, which occurred in 2016. The guidelines for data processing for scientific
purposes were therefore considered, and the participants were informed that within the frame-
work of the research project, data collected from the interviews, particularly information about
their health, would be recorded in paper and electronic format at the University of Siegen. The
personal data covered participants’ names, ages, genders, occupations, and information regard-
ing their states of health, as well as their emotional states. The evaluation of the data was per-
formed anonymously, and no personal data were disclosed. Another component was our com-
mitment that in the event of the revocation of a participant’s consent, all personal data would
be deleted immediately and completely and not processed further. The University of Siegen’s
ethical committee approved the final evaluation study in 2017; this approval was related to
patient recruitment for the main study. Based on the experience we gained during the Liv-
ingLab studies and the pilot study in spring 2017, we prepared the ethical documents, consid-

ering not only ethical and data protection aspects but also medical findings.

System Overview

A basic prototype was already available at the start of the overall research project (in Nov 2015)
that had been developed for a previous project (iStoppFalls, 2011-2014), aimed at improving
and assisting older adults in general with a risk of falling (Gschwind et al., 2015; Ogonowski
et al., 2016a; Vaziri et al., 2017b). The technical infrastructure and the games were still appli-
cable because the majority of the games focused on strength and balance, which are important
factors for fall prevention. This prototype had been refined and adapted to the daily life of
PwD, drawing upon the ongoing observations, evaluation and user feedback. Some prior exer-
games and training concepts (especially the strength games and reaction assessments) were
transfered and converted into a new game engine (Unity), changed for the new target group
and simplified, while other games were no longer included in the system because they required

too high a level of physical and cognitive skill.
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The final interactive system can detect all movements (upper and lower limps, head and body
movement) and training activities of the participant using the Microsoft Kinect Sensor. The
system consists of several technical components (see Figure 3). The technology was centered
around a TV (4) to provide an easy and familiar way through which it can be accessed. The
system runs on a mini-computer (1) that includes several exergames (2) and is connected with
a MS Kinect (3) to detect the movements of the participant when interacting with the system.
A male and female 3-D model and an underlying biomechanical model were provided for the
Kinect-based motion detection (see Figure 3). Furthermore, a level structure (7) for each Ex-
ergame with over 30 Levels per game are provided. After playing the basic levels, the difficulty
degree increases, and more and more dual and cognitive tasks appear. The participants are
encouraged to play the “daily training schedule” to proceed in the system and reach higher
levels. The daily training schedule covered a range of 4-5 exergames, consisting of movement,
coordination and creativity games. Outside of the daily training plan, players are able to choose
and play the games on their own in the “free game mode”. The system is connected to a cloud
system (8) that is used as a backend information platform to create users, initiate training sched-

ules and to detect level progression.

Figure 2: System overview

To simplify the interaction with the overall system, a PlayStation 3 Buzzer (6) was used as a
navigation tool and input device during the games (e.g. to choose an answer during a quiz).
The system has three different exergames core elements: 1) Movement games and Assess-

ments, 2) Coordination and Balance Games, and 3) Cognitive and creative activities.
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Training schedule and progression

Exercises and games, as well as tests to measure performance and reaction ability, were devel-
oped and selected from the fields of sport science, sport gerontology and nursing science. The
aim was to train the physical activity and to measure the level of activity over a longer period

of time.

Zum Hauptmeni

== Trainingsplan

Heute ist der 26. Juni 2018. Hier sehen Sie Ihren Trainingsplan fiir den heutigen
Tag:

Heute enthalt der Trainingsplan keine Fingerspiele!

Figure 3: Training plan

The program focused on virtual exercises that are necessary for the execution of everyday ac-
tivities (e.g. climbing stairs, carrying bags, and sitting to standing transfers). The level structure
is controlled by an individual training schedule. After the player reaches the minimum points
of a level, the level increases, but each level can also be maintained, ascended or reset without

receiving a de-motivational notices.

Zurick Zum Hauptmeni

B Kraft und Bewegung

I Trainingsplan (Level) Freie Spiele (Level)
2062018 11.06.2018 07.06.2018 07.06.2018 07.06.2018 06.06.2018 04.06.2018 04.06.201¢

Ellenbogen beugen Arme heben

Figure 4: Training plan tracking
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Strength Training and Assessments

The strength training includes exercises for the upper and lower limbs such as: knee extensors
to strengthen the front thigh muscles; knee bends to strengthen the rear thigh muscles; sideways
leg raises for the lateral thigh muscles; toe-stands for the calf muscles; elbow bends for the

upper arm muscles: and front raises for the shoulder muscles.

Figure 5: Strength exercises and assessment

The strength exercises focus on lower and upper limb muscles, which are important during
functional movements like walking or balance. To ensure safety, the program recommends
holding on to at least one chair for support. However, for people with dementia all exercises
begin at the lowest intensity to enable the user to familiarize themselves with the technology,
the real-time feedback and the quality of their movements. Each exercise gradually increases
in difficulty as the program progresses with the training progress in order to maintain at least a
moderate intensity. The strength exercises are progressed through increasing the level of phys-

ical activity, the difficulty of cognitive dual tasks and increasing number of repetitions.

In addition, the assessment integrated in the strength program measures physical performance
with tests for balance, lower limb strength, hand, and stepping reaction times It includes semi
tandem, near-tandem, and full-tandem balance tests, where the participants were asked to hold
the stance for 30 seconds without moving their feet. The hand and stepping reaction time test
showed how fast the participants can react, if a signal lights up. The strength test included the
sit-to-stand activity: Here, participants had to stand up and sit down five times in a row and the
system measured the time, which it took to fulfill the task. Based on the speed. It was possible

to compute the strength.
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Balance and coordination

The focus of the balance and coordination games is to solve percipience, balance, reaction and
aiming tasks in a playful fashion. Therefore different games were developed with the project

partners and the participants as well as there caregivers.

Walking game: This game requires from the player to lift the knees to a specified height (run-
ning in place) to move forward. In higher levels, more and more dual tasks are appearing, for
example bumblebees are flying towards the players, who have to be avoided by shifting the
body sideways. In addition, flowers and cacti appear at the wayside, which must be collected
or in the case of a cactus avoided as well. For this, the player stretches out his respective arm
as he walks past the flowers. Furthermore, in an advanced stage of the game, a deer cross the
path. Players have to wait until the animal successfully crossed the street, otherwise the player
will not collect special points. This exergame is mainly about the strengthening or maintenance
of condition, flexibility and to promote coordination. In terms of agility, the focus is on walking
ability on short distances and on longer distances, it is about maintaining concentration to walk

in a limited field and to complete the dual tasks.

Figure 6: Games Overview

Apple game: This game aims to increase or maintain the radius of movement of the upper
extremities. The goal-oriented stretching and grasping of virtual apples is to maintain the users’
resources to face everyday tasks (preparing food, grabbing something above their head or

washing the upper body or head) The apple in the treetop is reached by the player with his arms
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or his hands. A ripe apple must be picked and collected in a basket, which is placed next to the
player. Special apples are visually recognizable (golden shimmer / flashing). The player
stretches his arm in his direction and logs the apple, in which he lingers with his hand for a
short time over the apple, then he leads the apple in his hand towards the basket. When lowering
the arm with the apple below a predetermined threshold value, the logged-in apple falls from
the hand into said basket. If an apple is missed, it becomes rotten or falls to the ground where
it is collected by cheeky animals that relish the fruits. Pickled apples leave a blossom that grows
into a new fruit. A level is defined by the number of fruits collected within a certain time limit.
The speed (even for failed levels) is tracked in the background. Missed apples are listed in the
results screen. This exergame is mainly about strengthening and coordinating the upper ex-

tremities, in higher levels coupled with smaller additional coordinative tasks.

Hit the moles: In this game the player stands in a virtual garden and in the front of the player,
single moles emerge from mounds, one after the other, intending to destroy the garden. By
stepping with one foot on the appearing mole, the animal is expelled, and the garden saved.
After that, players must return to their starting position until the next “troublemaker” appears.
As a dual task, a player should not step on possibly other emerging pets like birds. The move-
ments are designed to promote the coordination of the lower extremities, to support the condi-
tion and balance during ongoing training and to improve reaction time and therefore, prevent
possible falls. This game should lead to a safer walking and standing of the users as well as a

greater motor self-confidence.

Airplane Game: The game is about mobilizing and maintaining upper body flexibility. In
higher levels the movements are coupled with small additional cognitive tasks to promote co-
ordination and strengthen cognitive attention. The player steers a small plane through a air-
parkour. By leaning to the side of the upper body, the player controls the plane through gates
on the water and in the air. Sometimes Zeppelins block the direct path through the gates and
should be dodged. Reversing or leaving the track is not possible to achieve reasonably compa-
rable results. The game starts automatically via the training schedule or is selected via the
menu. Here, only levels can be played, which were already successfully completed during the
training. A level is defined by the completed route and the associated time limit, the flight

speed and the number of gates and Zeppelin.
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Creativity and Cognition

The creativity and cognition aspect were developed together with professional caregivers and
therapists who work with people with dementia on a daily basis. These exergames cover a

variety of games that combine movement, creativity and cognitive tasks.

Figure 7: Overview Creative and Cognitive Games

Movie Theatre: This exergame is mainly about the memory manifestation and initiating dis-
cussions about the presented content. The movies are automatically retrieved and visualized by
the system and can therefore be understood as a communicational gateway to memories and
starting point to biographical information, rather than a physical or cognitive task. This presen-
tation of historical videos should contribute to the secondary manifestation of these memories
and refresh them. The memories consist of historical as well as autobiographical material,
which are stored in a database. Partner for this project was the company "History Vision GmbH

from Berlin", whose library we can use cooperatively for this research purpose.

Wheel of fortune: This exergame is primarily about strengthening memory and knowledge
through a quiz. Various topics are addressed, such as music, proverbs, everyday items, animals,
objects, thymes or math problems. The topics are selected via a wheel of fortune with colored
fields that represent different categories. Players can interact and start the game by grabbing
one of the outer pins with the hand and swinging the wheel into rotation. The wheel must - to
ensure the randomness - at least make a complete turn before it stops on a topic. After that, the
task automatically opens and is to be solved on a wall in four different answer fields. To do

this, the players use the Buzzer to log in the correct answer. Depending on the category, this
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has different effects. In a math task, the player only sees if his result is correct. When complet-

ing proverbs or lyrics, the game should complement acoustic confirmations of the answer.

Quiz: This exergame is primarily about the strengthening of everyday life through a manifes-
tation of everyday knowledge in quiz form. The, overall 225, everyday questions and answers
serve to strengthen cognitive everyday life skills, such as the recognition and naming of eve-
ryday objects or the recognition and application of communicative and especially linguistic
memories in an increasing difficulty. Players must be able to understand abstract categories in

order to answer the questions and thus strengthen organized thinking.

Music Game: This exergame is primarily about strengthening and endurance of the lower ex-
tremities. The playful running exercises take place in a virtual setting on a spinning vinyl disc.
The player acts as a needle on a vinyl player and can be played by his run previously selected
pieces of music. After selecting a new title in the menu, the player functions as a needle of a
turntable placed in the room and, by running, moves the turntable, causing the corresponding
piece to sound. If he stops running or becomes too slow, the volume of the selected track will
decrease or it will stop altogether. The pieces are previously stored in a database and both user-
specific and general preselected pieces with the corresponding titles can be selected. The pieces
are archived based on their length. A piece of music is thus defined by the music direction, but

also by its length and can thus be sorted in levels.
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EXPLORING THE POTENTIAL OF EXERGAMES TO AFFECT THE
SOCIAL AND DAILY LIFE OF PEOPLE WITH DEMENTIA AND
THEIR CAREGIVERS

Abstract
This paper presents the outcomes of an exploratory field study that examined the social impact of
an ICT-based suite of exergames for people with dementia and their caregivers. Qualitative data
was collected over a period of 8 months, during which time we studied the daily life of 14 people
with dementia and their informal and professional caregivers. We focus on the experiential aspects
of the system and examine its social impact when integrated into the daily routines of both people
with dementia themselves and their professional and family caregivers. Our findings indicate that
relatives were able to regain leisure time, whilst people with dementia were able to recapture certain
aspects of their social and daily activities that might otherwise have been lost to them. Results sug-
gest that the system enhanced social-interaction, invigorated relationships, and improved the em-

powerment of people with dementia and their caregivers to face daily challenges

Introduction

Dementia is one of the most common mental illnesses in old age and affects almost every care
recipient in ambulatory care (Bundesregierung, 2016). The issues confronting relatives, care-
givers, health and care providers, and the health care system in general is huge. There are cur-
rently 1.6 million people with dementia in Germany. According to forecasts, this number will
rise to 2 million by 2030 and to 3 million by 2050 (Deutsche Alzheimer Gesellschafte.V., n.d.;
Siitterlin, S., Hossmann, 1., Klingholz R, 2011). Ongoing changes in the demographic consti-
tution of societies, with the decline of the so-called nuclear family, increased work mobility,
and shifting patterns of income and social security benefits, present a considerable challenge
to the ways in which care may be provided to older adults and people with dementia (Rosen et
al., 2011). With both early-stage and advanced dementia the ability to perform everyday social
and other activities without any help from people such as informal or professional caregivers,
is limited (Mioshi et al., 2009). Thus, dementia has consequences for both those who experi-
ence it and informal and professional caregivers who may well face increased stress on an
emotional and social level. A further problem here is that dementia is likely to affect relation-
ships between family caregivers, their relatives and the social structure of their family. Demen-

tia, then, can be a disruptive force in a number of people’s everyday lives.
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However, research has shown that both the progression of dementia itself and managing eve-
ryday life around its consequences can be positively affected by a number of interventions. For
example, the risk of developing dementia, and its progression, can be reduced through physical
and cognitive activity (Eggermont, L., Scherder, E., 2006; Ruan, 2015). Exercise and training
not only target an improvement in physical ability but also cognitive resources, the scope for
social interaction, and psychosocial health (Gajewski and Falkenstein, 2016; Peluso and An-
drade, 2005). In this context, studies have shown that interactive and assistive technology sys-
tems may stimulate and support the pursuit of physical fitness at home amongst older adults
(Silveira et al., 2013) and enhance people with dementia’s interpersonal relationships and pro-
mote social well-being (Mélodie Boulay et al., 2011; Férnandez-Calvo B., Rodriguez-Pérez R.,
Contador I., Rubio-Santorum A., Ramos F., 2011; Weybright E., Dattilo J., Rusch F., 2010;
Yamaguchi et al., 2011a). Thus, there are ways in which the progression of dementia may be
controlled, whilst supporting the autonomy of people with dementia and improving the quality
of life for both them and their caregivers. There is, however, generally a lack of empirical
studies that examine the potential to support people with dementia and their caregivers in cop-
ing with the challenges of social and daily life. Thus, there is a pressing need for more focused
studies in HCI that can inform the ongoing development of ICT-based systems such as exer-

games.

In this paper, we report on results from an exploratory field study with an exergames prototype
to support activities of daily living for people with dementia. The ICT-based system itself was
designed and tested together with people with dementia and their caregivers. The system and
the related exergames were developed and selected from the fields of sport science, sport ger-
ontology and nursing science and it integrates for the first time different ideas (activity, cogni-
tion, creativity) based on established interventions from across those various disciplines. The
underlying design objective here was the provision of a suite of activities that can give people
with dementia support across their activities of daily living (ADLs), rather than single games
with a unitary purpose. It is critical that this kind of over-arching design objective be accom-
plished in consultation with all of the possible stakeholders concerned. This cohesive vision
and purpose is not present in the existing array of serious games available.

The specific goal of the study we are reporting here was to investigate if [CT-based exergames
can affect the daily and social lives of people with dementia and their caregivers and support

them in their individual and social needs, thus creating opportunities to overcome the challenge
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of how to integrate such systems in their daily routines. To this end, the authors initially con-
ducted semi-structured interviews and observations in different day-care centers and house-
holds to get insights into the everyday life of people with dementia. Afterwards, the ICT-based
exergames were designed and installed in different homes and day-care centers, which we then

regularly visited over an 8-month period.

In the following sections we begin by providing an overview of the related literature in HCI
and associated fields and an indication of how we are building upon this. We then explain how
we approached the field study and tackled the analysis of the data it produced. This is followed
by a brief outline of the system we deployed in people’s homes and the day-care centres. We
then present our findings regarding the impact of the system upon people with dementia and
their caregivers, their social interactions, and the extent to which it was integrated in their eve-
ryday lives. Our subsequent discussion focuses in particular upon two research questions: (1)
How do exergames affect the daily and social lives 