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1  
Introduction 

Mary is 39 years old. She has two children: Eric is 16 

years old and Jane is 15. Mary shares the load to raise 

them with her husband Jack, while they both work full 

time. Every other week, they travel 120 km to visit Mary’s 

mother, Esther, who is 77 years old and lives alone. Since 

her father passed away, Mary is worried about her 

mother as there is nobody to keep an eye on her. 

A few years later, Eric and Jane move out for college. 

Mary and Jack now live alone and miss sharing daily 

moments with their children, while Eric and Jane miss 

the family coming together for dinner. Esther moved to a 

care facility after suffering a fall in her home. Mary 

continues to visit her every other week.   
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The story  of Mary and her family is increasingly representative of what 

has been termed a ‘sandwich generation’ that needs to balance pressures to 

perform at an increasingly competitive and demanding professional 

environment, the need to take care of aging parents, and raise their children. 

And their pressures and emotions are only compounded when their children 

reach adulthood and migrate for work or studies. 

As the ageing population continues to grow and the number of children 

staying longer at home escalates, it causes a drastic rise of those adults being 

squeezed in this sandwich generation. According to the Journal of Financial 

Service Professionals
1
, about 50% of people in their sixties have at least one 

parent still living. That number has increased five-fold over the last century 

and will continue to grow. In parallel, in 2000 52% of young adults between 

18 and 24 were still living with their parents, and that number is also 

continuously rising. This puts more adults into the sandwich generation 

caring for ageing parents and their own children. 

1.1  The Need for Connectedness and Staying in Touch 
The Life Course Perspective (LCP) theory suggests that there are certain 

transitions and turning points across the life course of individuals that define 

all of life that comes after it (Wethington, 2005). A transition in this context 

is defined as a change in roles and responsibilities that represents a distinct 

departure from prior roles and responsibilities, such as a transformation in 

family roles. A turning point, on the other hand, involves significant 

occurrences that lead to abrupt changes producing serious and long lasting 

effects, and thus a lasting shift in the life course of an individual. These 

changes could be unexpected and stressful, but they could also be positive, 

leading to new roles and responsibilities.  

Looking back at Mary’s story, there are several life events representing 

turning points in life that her family experienced. The first one is that of 

Esther losing her husband and forcing Mary to take a new responsibility to 

take care of her elderly mother as she lives alone and at a distance from her. 

Next, Eric and Jane are off to college for higher studies, leaving Mary and 

Jack alone at home. Eric and Jane have a new responsibility to take care for 

themselves while going through college. Lastly, Esther suffers a fall which 

                                                      
1 http://seniorliving.about.com/od/babyboomers/a/sandwich-generation.htm 

http://seniorliving.about.com/od/babyboomers/a/sandwich-generation.htm


3 

 

 

 

forces her to move to a care facility because Mary does not have the means 

to keep an eye on her mother living alone at her own home. In contemporary 

Western societies these events are common occurrences that put pressure on 

individuals belonging to a ‘sandwich generation’ that cares for both children 

and aging parents. This thesis examines the affective communication needs 

for people like Mary and her parents, and how to support these with modern 

technologies.  

It is well known that humans have a pervasive and fundamental need to 

belong. According to Maslow’s pyramid of needs (Simons et al., 1987) as 

shown in Figure 1.1, the human need for love and belonging is related to 

friendship, social relations and intimacy. This need builds on physiological 

and safety needs and is essential for one to reach a state of esteem, and 

ultimately self actualization. The need to belong is universal, although there 

are cultural as well as individual differences in the intensity and ways to 

express and satisfy this need. The fulfillment of this need entails having 

frequent and intimate interactions within long term caring relationships 

(Baumeister and Leary, 1995). In today’s society, families are burdened by 

separation due to studies, work, or are split when offspring start new families 

at distant locations from home. Staying in touch is a universal need even for 

family members staying in the same home (Eggen et al., 2003). Even more 

so, distant family members often struggle to stay connected and might lose 

touch with each other. Although they can share news and stories with 

communication media with much more ease than before, the distance that 

separates them makes it harder to care for each other.  In the case of Mary’s 

story, this is the result of the various transitions of life over time of Mary’s 

family members, threatening to lose touch of each other and feel more 

isolated. 

The thesis examines the affective communication needs for staying in 

touch, which is the need for lightweight, emotional, informal forms of 

communication (Van Baren et al., 2003), and the design and evaluation of 

technologies to serve three intra-family generations: adult parents (empty 

nesters), their senior parent typically living alone, and their children who 

either left their homes for school or work. These individuals are also known 

as the ‘sandwich’ generation as they lie in the middle layer between the 

other two generations, but having as well the responsibility or obligation of 

taking care for those other two. 
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Figure 1.1: Maslow's hierarchy of needs, represented as a pyramid with the more 

basic needs at the bottom. 

1.2 Social Connectedness and Social Presence 
Connectedness describes the relation between people and their sense of 

belonging to one another (Van Bel et al., 2009). Van Bel et al. (2008) 

introduced connectedness as the opposite of loneliness. The authors also talk 

about closeness in a temporal relation, dividing between short and long term 

connectedness. The best known is the long term connectedness; this has to 

do with the building of lasting relationships between people. Building a 

relationship is a series of experiences of belonging. The short term is usually 

linked with temporary emotions and sudden feelings of loneliness or 

individual events towards another person. 

Kuwabara et al. (2002) introduce the term connectedness oriented 

communication. This term is used to describe the way people use the internet 

and other media to keep in contact and send messages to each other 

nowadays. These messages themselves might not entail much information 

but the interpretation of the message and its emotional function are the key.  

Social presence is defined as the sense of being with another in a 

mediated environment, the moment-to-moment awareness of co-presence of 

http://upload.wikimedia.org/wikipedia/commons/6/60/Maslow's_Hierarchy_of_Needs.svg
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a mediated body and the sense of accessibility of the other being’s 

psychological, emotional, and intentional states (Biocca et al., 2002).  

Social connectedness is not bound by the window of communication 

like social presence. Social connectedness systems can have a strong effect 

on the awareness of social connections with very little interaction. It is 

defined as the positive emotional appraisal, characterized by a feeling of 

staying in touch within ongoing social relationships (IJsselsteijn et al., 

2003). Social presence systems attempt to enhance the feeling of being 

together, while social connectedness systems are attempting to enhance the 

feeling of belonging.  

1.3 Ambient Intelligent Systems 
Ambient Intelligence (AmI) refers to electronic systems that are sensitive 

and responsive to the presence of people (Aarts et al., 2001). It is a paradigm 

envisioned to materialize in the future (Aarts and Marzano, 2003), when the 

home is expected to become populated by large number of ‘smart’ devices 

interconnected via an invisible web of networked services (Aarts et al., 

2001). In such environments, users are expected to interact with user 

interfaces to either receive awareness information, adjust preferences on 

control, privacy, what to share and when to share it, etc. In ambient 

intelligent systems these user interfaces typically blend within the user’s 

environment and are activated upon request or upon a change of state. 

 With regard specifically to communication systems, we have seen over 

the time communication media developing and evolving, from modem-based 

communication media, e.g., phone and Internet, towards the creation of 

media spaces in which people can be connected continuously by high 

bandwidth audio-video channels (Bly et al., 1993). The design and 

deployment of such systems has repeatedly shown that one of the largest 

benefits for users of such systems is the awareness people can have of one 

another (see for example Dourish et al. (1996)), with awareness taking many 

forms (e.g., of shared work artefacts, of well being, of whereabouts) and 

benefiting in the smooth collaboration in the workplace but most importantly 

in the well being and connectedness experienced by people in the context of 

informal social interactions between them. 

This thesis explores a class of technologies that are situated in the 

overlap of the two aforementioned visions, which concern the use of context 
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sensing devices embedded in the physical environments to create sustained 

connectivity and peripheral communication channels among individuals.  

The class of systems we concern ourselves with is often referred to as 

‘awareness systems’ to indicate that their primary purpose is to create 

awareness of context rather than be goal oriented or provide efficient 

information exchange (Markopoulos et al., 2009). While media spaces can 

support efficient interactions, and can even support people to feel tele-

present, awareness systems have the main benefit in that they can support 

people to maintain awareness of each other’s whereabouts and activities.  

Within this realm of awareness systems, it has been demonstrated that 

sharing information about each other’s local context stimulates feelings of 

social connectedness between people. Several researchers have explored 

ways in which awareness systems can support social connectedness. Some 

examples are the ASTRA system (Van Baren et al., 2004) and the Digital 

Family Portrait (Mynatt et al., 2001; Rowan and Mynatt, 2005). Awareness 

has been defined as an understanding of the activities of others, which 

provides a context for your own activity (Dourish and Bly, 1992). 

Awareness can be the awareness of an object and awareness of another 

person; the latter being related to and enhancing social connectedness. We 

shall refer to these systems as connectedness oriented awareness systems. 

The ageing of the global population has generated a demand for AmI 

solutions that will support elderly to maintain an active and independent 

lifestyle. Such developments are often collectively pertaining to the notion 

of Ambient Assisted Living (AAL). The field of AAL covers a wider 

spectrum of solutions from rehabilitation care, safety, assisting the blind, the 

hearing impaired, etc. (Van den Broek et al., 2010). Our focus, in this thesis 

is more specifically on the use of AmI systems to foster the caring aspects 

between remote family members, including elderly and their children, and 

thus enhance connectedness.   

Changes in our society increase the physical distance between people 

and decrease the quality time we have to spend with each other. 

Connectedness oriented awareness systems are attempting to support the 

levels of communications which are threatening to be neglected. Although 

over the last years social media (Facebook, WhatsApp, Skype, etc.) have 

taken up an important role in society to help us keep in touch with remote 

loved ones (Karapanos et al., 2015) they still require substantial engagement 
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and attention, relying on explicit forms of interaction. The focus of this 

thesis is on ambient intelligent environments created with the aim of 

capturing and understanding contextual information of an elderly’s person 

and make inferences regarding their wellbeing. The purpose of these systems 

goes beyond enhancing social connectedness but also emphasize the caring 

aspect of the relationship between two remote parties.  

Several examples in the field (Mynatt et al., 2001; Rowan and Mynatt, 

2005; Consolvo et al., 2004) have demonstrated the value of such systems in 

bringing elderly and their children closer. However, the design of these 

earlier systems did not have a focus on the aesthetic aspects of the 

interaction and the appearance of the displays, despite their importance was 

acknowledged by researchers and confirmed in their surveys of user 

opinions. Furthermore, there is still a lack of empirical evidence of such 

systems and an understanding of the needs of elderly and their children. 

This thesis explores how context sensing and ubiquitous 

communication media can support remote family members with new ways 

of caring for each other. It addresses the desire of remote parties for a feeling 

of social connectedness.  

1.4 Aims and Thesis Statement for this Research 
The overarching aim of this is thesis is to explore how connected oriented 

awareness systems in ambient intelligent environments can support social 

connectedness and affective communication needs between remote family 

members. We examine people who have experienced a sudden turning point 

in their lives that have forced them to stay apart from close family (children 

or parents). Each chapter addresses the specific context relating to different 

pairs of generations and addresses research questions relevant for that 

context. The approach taken to investigate them also differs, either doing 

research about the context, doing laboratory experiments, or doing field 

research. 

1.4.1 Designing an awareness system for elderly’s caregivers 

The needs of adult children (i.e. individuals who are children of elderly 

living alone remotely, but for brevity we shall refer to them as adult children 

for the remainder of the thesis), and their senior parents was captured by 

means of contextual interviews (at their homes) and focus groups in a home 

simulation laboratory setting, the Philips ExperienceLab (Ruyter, B. de, et 
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al., 2007), as it will be described in Chapter 2. This contextual research 

derived the needs and gave basis to the design of a connectedness oriented 

awareness system to connect these two generations and keep adult children 

more involved in their parents’ wellbeing. The hypothesis tested in that 

chapter is that adult children want to know in a subtle way regarding 

long term trends of wellbeing. The connectedness oriented awareness 

system designed provides long term trends of key wellbeing parameters and 

provides awareness using ambient lighting. Field studies in two pairs of 

adult children and their parents showed the value and need for such an 

awareness system.  

1.4.2 Intertwining implicit and explicit awareness information  

The first field study revealed opportunities to enhance the connectedness 

oriented awareness system with a more social and positive aspects. This 

gave the need of having a symmetrical flow of information, while not 

necessarily the same amount of content shared between each other.  

The hypothesis tested in that chapter is that the acceptance and 

adherence of using a connectedness oriented awareness systems 

increases when the day-to-day interaction with the system focuses more 

on explicitly sharing emotions and feelings, and keeps the implicit 

awareness of wellbeing in the background.  

We further look at how having a bilateral flow of awareness 

information increases the participation of target users and the perceived 

value of such an awareness system. 

While these hypotheses were not tested quantitatively, empirical field 

studies of up to 6 months showed the value and need for a symmetrical 

connectedness oriented awareness system between seniors and their 

children, while intertwining implicit awareness of wellbeing with explicit 

tokens of emotions.  

1.4.3 Matching contextual similarities 

Looking at a different pair of generations, that of empty nesters and their 

(typically teenaged) children, a contextual mapping study was first 

conducted with these target user groups. The exercise led to a set of needs 

outlined further in the chapter. As a result of the contextual research, we 

looked at specific mechanisms of enhancing social connectedness of 

dispersed family members by prompting serendipitous moments of 
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similarity. This concept was exploited using an ambient intelligent system 

providing awareness to both parties whenever meaningful activities are 

happening at the same time on both sides. The specific hypotheses 

investigated in a controlled laboratory experiment with 46 participants were: 

 that awareness of matching contextual similarities enhances 

social connectedness between empty nester and their children 

 the higher amount of similarity awareness leads to a higher 

amount of perceived social connectedness between both parties 

1.5 Research Approach 
The approach followed in this thesis to tackle the aforementioned research 

hypotheses, combines a variety of methodologies including studies of user 

needs, context mapping studies (Sleeswijk Visser, F. et al., 2005), user 

testing in the laboratory setting and field deployments. The tools used also 

vary from semi-structured interviews, low-fidelity prototypes, and fully 

functional prototype deployments. The research by design (Horvath, 2008) 

methodology used qualifies as a user centered design approach. The 

following list of research methodologies were used across throughout 

various part of this thesis: 

Qualitative interviews and focus groups were conducted to understand and 

survey user needs. The first study was based on four focus groups with adult 

children (N=19) to understand what type of awareness information they 

would want to receive about the wellbeing of their elderly parent, which was 

further elaborated by one-on-one interviews with these type of caregivers 

(N=8) and with senior parents (N=7) (Chapter 2).  

A fully functional prototype was designed and developed of the Aurama 

system which showed a working connectedness oriented awareness system 

to tackle the needs of concerned adult children about their distant elderly 

parent living alone. An iterative design approach was taken and before going 

into field testing, a series of experience trials in a home lab setting were 

conducted (N=6) to test the overall concept and user interface.  

The Aurama awareness system was then deployed in two short-term field 

trials (2 weeks) in two pair of households. Several surveys were conducted 

to assess the benefits and risks of the connectedness oriented awareness 

system, before, during and after using the system. The design of the Aurama 
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system went through a further iterative design process in which new 

features were added and were further tested in two long-term field trials in 

two pairs of households (Chapter 3).  

For the new pair of generations (empty nesters and their children), first a 

context mapping study was conducted by means of culture probes (Gaver 

et al., 1999) in the form of a booklet with both target users (N=13) for 1 

week. The probes were used to make participants more aware of their latent 

feelings and needs around staying in touch. The exercise was followed by 

interviews in which both participants were present, followed by individual 

interviews (Chapter 4). 

Based on the initial user research, the MatchMaker prototype system was 

designed and developed. Unlike the Aurama system, the MatchMaker 

prototype was installed in a home-like simulated environment (Chapter 4). A 

controlled empirical study was performed in this environment, in which 23 

pairs of empty nesters with their child (N=46) were invited to perform 

certain daily activities. A Wizard-of-Oz method was used to prompt two 

different treatment conditions (between subjects) using a semi-functional 

prototype for the purpose of this study. In parallel, a technical 

demonstrator of the MatchMaker system was developed to test the sensing 

technologies and their performance (Chapter 4).  

Using similar sensing technologies (audio and video), the SoPresent 

prototype system was designed and developed to study how such 

connectedness oriented awareness systems can be further enhanced to 

increase feelings of social connectedness, namely social translucency, a 

concept introduced by Erickson and Kellogg (2000). A small qualitative 

(based on one-on-one interview) in a simulated home settings was conducted 

with target users (N=5) (Chapter 5).  

1.6 Thesis Overview 
The problem space of awareness between adults and their senior parent 

living alone is presented in Chapter 2. The Aurama awareness system, 

capturing wellbeing information of the senior parent and providing 

awareness of long term trends of wellbeing to the adult child, is described to 

meet the awareness needs of these two generations.  
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Chapter 3 extends the Aurama system to explore the value of 

intertwining implicit and explicit awareness information while providing a 

symmetrical flow of information between the two generations. It further 

explores the value of self-awareness information of wellbeing to seniors 

themselves. After long term field trials, an extended version of the system is 

proposed in which care providers could be involved and new use cases 

explored. Lastly, based on long term field trials of the system, several 

lessons are derived on the evaluation of AmI systems addressing this caring 

relationship. 

Chapter 4 moves to the second pair of generations studied in this thesis, 

and introduces the awareness needs of empty nesters and their children. It 

explores how an ambient intelligent system enhances social connectedness 

between these two generations by prompting its users of moments of 

contextual similarities during their daily activities at home.  

Chapter 5 explores methods to further enhance social connectedness 

using connectedness oriented awareness systems. The concepts of social 

translucency is explored and the SoPresent system is developed. 

Chapter 6 ends the thesis with applications and future work of this 

research, the conclusions and an overview of the key contributions to the 

field. Chapters 2 to 5 have been published as contributions to the scientific 

literature, as outlined in each chapter. 
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2  
Awareness Systems for 

Elderly and their Children 

The aging of the population in developed countries is a well established 

trend. Extrapolating current trends, 53% of the total population of Europe 

will be above 65 by 2050 (NRC Handelsblad, 2006). This trend inflates the 

‘sandwich’ generation: adults with children and an aging parent to take care 

of. The members of this group can be classified into drastic life changers, 

significant contributors, and peripherally involved (Consolvo et al., 2004). 

Drastic life changers make major changes to their own life to care for the 

elder (e.g., sacrificing a career, hobbies, or even their own family life). 

Significant contributors provide regular care for the elder; this has a major 

impact on their own life, but they are still able to maintain their own 

independent lifestyle. The peripherally involved typically live at a distance 

from the elder and provide care that is meaningful, but typically irregular 
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and the type of help they provide is most commonly social (e.g., visits and 

phone calls) and house maintenance. Providing this support is hampered by 

distance and the difference in pace of life. 

Given the current trends of an aging society and its socio-economic 

impact, it is highly desirable to be able to support the elderly to extend their 

stay in their own home as long as possible, while maintaining and enhancing 

their autonomy and quality of life. This can be achieved by improving the 

support received from the elder’s own environment in which the use of 

Ambient Intelligence (AmI) can play an important role.  

Several researchers worldwide have explored ways in which 

connectedness oriented awareness systems can support independent living. 

We report research that explores the potential of such systems to offer peace 

of mind to adults that are peripherally involved in the care for their elderly 

parent(s) and to bring about that both sides feel interconnected. More 

specifically, we report on the use of ambient intelligence technology to let 

‘significant contributors’ and those ‘peripherally involved’ be aware of the 

wellbeing of a remote elder. This general scenario has been shown to hold 

promise by earlier research such as the CareNet display (Consolvo et al., 

2004), Digital Family Portrait (Mynatt et al., 2001; Rowan and Mynatt, 

2005) and the Diarist system (Metaxas et al., 2007). These earlier research 

prototypes are discussed below. 

The CareNet project (Consolvo et al., 2004) investigated visualizations 

of information that is useful to individuals who are responsible for the daily 

care of an elder, such as drastic life changers and significant contributors. It 

involves information on medication, outings, meals, activities, mood, falls, 

and calendar items. The visualizations were evaluated during a 3-week trial 

with 4 pairs of elderly and their children. It was concluded that the quality of 

care can improve through using such a system. The information collection 

was simulated (Wizard of Oz method (Kelley, 1984), leaving questions open 

regarding the design and potential acceptance of the sensor infrastructure. 

The Digital Family Portrait (Mynatt et al., 2001; Rowan and Mynatt, 

2005) emphasized the need to tie awareness displays to everyday objects, 

like a photo frame. A sensor infrastructure provides information regarding 

the general level of activity of the elder which their child can view or 

interact with on an interactive picture frame like device. The prototype was 
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deployed at the home of an elder living alone and her son. Their experience 

of using the system was studied over a period of six weeks. This illustrated 

the benefits of connectedness oriented awareness systems for fighting 

feelings of loneliness of the elder and for offering peace of mind to the child.   

The Diarist system (Metaxas et al., 2007) follows a similar approach to 

the Digital Family Portrait but provides a semantically higher level of 

interpretation of the sensed activities. It detects the activities of daily life of 

the elder and informs their child remotely. The selection of the everyday 

activities that are monitored and displayed was arrived at iteratively through 

user surveys, interviews and focus group studies that established the 

preferences of both children and their parents. As reasoning about humans 

and their activities is inherently complex on its own, the design and the 

evaluation focused on how to present such semantic interpretations to users. 

Diarist provided awareness information at several levels: rough presence 

information that can be seen from a distance, more detailed logs of the daily 

activities which need to be observed close up and very detailed (synthesized) 

narratives of activities. A two-week trial with two pairs of elderly and their 

peripherally involved children demonstrated its potential for providing peace 

of mind and connectedness. It demonstrated also the value of a seamful 

design (Chalmers and Galani, 2004) for letting users inspect the inferences 

that systems make based on user activity and make the users aware of 

potential flaws of these inferences. 

Next to the above mentioned research prototypes
2
, there are several 

products and services commercially available that allow care providers and 

family members to be informed about the status of an elderly. For example, 

the HomMed system (http://www.hommed.com/) allows doctors to monitor 

health parameters of lone elderly patients remotely. It requires, however, the 

use of obtrusive devices to measure vital signs (weight, heart rate, etc.). 

Although, family members are not directly involved, such systems are aimed 

at providing ‘peace of mind’ indirectly by knowing that the elder’s health is 

being monitored. A system in which family members are involved is the i-

POT (http://www.zojirushi.com/). The i-POT works as an ordinary hot water 

dispenser, with the additional feature of being able to track the daily 

consumption of hot water and inform caregivers about it. The latter can then 

assess if there are any abnormalities. 

                                                      
2
 Literature review conducted in 2010. 
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Two major commercial initiatives regarding the unobtrusive monitoring 

of activities of daily living are QuietCare
3
 and HealthSense

4
. The QuietCare 

system consists of three components: motion’s sensors, a base station, and a 

web-based client where caregivers can get detailed information about the 

elder’s wellbeing. The system relies solely on motion sensors that are placed 

around the home and generate information on Activities of Daily Living 

(ADLs). The ADLs include cooking, interacting with medication, bathroom 

usage, waking up and the overall level of activity. The ADL data is sent to 

their centralized server via the base station. The data is used to assess 

whether any alerts or notifications should be shown on the website or sent 

via email, SMS, or even by telephone, if the alert is of high severity. 

HealthSense uses the eNeighbor Resident Monitoring system which 

generates alerts related to significant changes in ADLs, such as significant 

changes in patterns of sleeping, eating or toilet use. These early indicators 

can trigger an early intervention by caregivers.   

These earlier investigations and commercial products provide 

converging evidence regarding the potential of connectedness oriented 

awareness systems and offer some ideas on how awareness information 

could be presented: an abstract image portraying to the whereabouts of the 

elderly, a story detailing ADL’s, etc. However, so far researchers have 

limited empirical evidence regarding the benefits such systems provide and 

issues surrounding their use and acceptance. There are still open questions 

regarding, the type of information that such systems could capture and 

communicate or whether and how users would utilize such technologies in 

realistic circumstances, and concerns users may have about using them. 

Actual deployments are still very scarce and small scale: for the scenario of 

remote awareness of a lone elderly the author could trace just 5 actual 

deployments prior to the study reported below, namely those reported by 

(Consolvo et al., 2004; Mynatt et al., 2001; Rowan and Mynatt, 2005; 

Metaxas et al., 2007; Morris et al., 2003). Each of the systems discussed in 

these articles explored awareness of different aspects of an elder’s life which 

does not allow us to make direct comparisons of the evaluation results. 

Hence, the evidence regarding the benefits they provide is still only 

preliminary and requires elaboration and corroboration.  

                                                      
3
 http://www.quietcaresystems.com/ 

4
 http://www.healthsense.com/ 

http://www.quietcaresystems.com/
http://www.healthsense.com/
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In the cited work, researchers assumed they needed to monitor a 

specific type of information to compensate for the distance between the elder 

and their children, with presence and general activity level as typical 

candidates to consider. What the actual awareness information needs are (for 

both parties) has not been explored systematically. Also more emphasis can 

be placed on the aesthetic quality of the interaction with an awareness 

display that is possible and even necessary when considering different 

hardware platforms than a PC. Arguably, and as our initial user studies 

showed (see following sections) this is an important aspect for motivating 

people to adopt the system, as well as, for supporting the interaction 

scenarios envisaged. To make the system as unobtrusive as possible, it is 

crucial to focus on the aesthetic quality of the solution and have it blend into 

the environment. This is relevant for the physical sensors, the placement of 

these sensors within the home and the awareness display.  

Morris et al. (2003) carried out ethnographic studies with elderly with 

dementia and their caregivers. A set of themes of needs and design 

principles were provided, together with a set of concepts addressing these 

needs. Social connectedness is one of these themes. The prototype they 

developed includes a social network feedback display, which is continuously 

updated with self-reported and sensor data, lamps that provide presence 

information indicating availability of others and contextual cues to trigger 

and support phone based communication. Morris et al. implemented their 

prototype and conducted a three-month in-home field study with six pairs of 

elderly people and their primary caregivers. Interestingly, the prototypes 

succeeded not only in providing awareness to the caregiver, but encouraged 

self reflection and awareness with both parties. Their prototype also included 

a sensor triggered ‘presence lamp’ to signal presence to the caregiver and 

vice versa. 

Our investigation contributes to this line of inquiry through the design, 

deployment and evaluation of Aurama (see Figure 2.1). Aurama is an 

electronic picture frame, adorned with a colored light aura that provides 

updates of wellbeing information, and as such part of an end-to-end 

connectedness oriented awareness system. It has some similarities with the 

related work described above, but as discussed below, it focuses on the 

presentation of long term trends or unusual occurrences, rather than just 

instantaneous awareness information. First we describe the empirical basis 
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of the design of this system, then the implementation and deployment in lab 

and field trials, and finally the lessons learnt from the trials. 

 

 

Figure 2.1: Aurama: an aware picture frame emitting colored light auras indicating 

elderly is not at home (top left), elderly is at home (bottom), and there is an 

abnormal change in the elder’s patterns (top right), showing different colored auras. 

2.1 Preliminary User Studies 
To evaluate the concept of providing awareness of an elderly parent’s 

wellbeing to caregivers and to find out what information they would want to 

receive in this regard, four focus groups were conducted in the Netherlands 

(Europe) with peripherally involved caregivers (N=19, average age: 49). The 

discussion covered a list of 50 items (Appendix A) in six areas of wellbeing: 

health, activities, outings, entertainment, social contacts, and security. The 

list addressed all areas of wellbeing identified by (Mynatt et al., 2001) and 

was extended to cover more detailed aspects of each category. The findings 

were further elaborated and verified by one-on-one interviews with 

caregivers (N=8, average age: 44) and with retired seniors (N=7, average 

age: 79).  
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Based on participants’ background information, the phone is the most 

common means of communication between these caregivers and seniors, 

followed by visits. When discussing problems in communication, 

specifically about wellbeing, children claim that “nothing can replace visits” 

and most of them hope to pick up on changes when they visit. However, they 

also claim that “visits do not last long enough to get a clear picture of their 

wellbeing”. Rather than detailed trivia of daily activities, care giving 

children want to receive high-level information about their parents’ 

wellbeing, but only if something is ‘not ok’ or has changed in their parents’ 

routine. Interestingly, they mentioned that they wish to be informed about 

gradual changes in lifestyle that may not be easy to notice during visits. 

Regarding detailed information, they do not want to be confronted with it 

constantly, but would like to be able to access it upon request to understand 

unusual situations. They expect to feel obliged to react to unusual events but 

do not anticipate this to be a burden.  

Although they value the possibility to see historical data, they dislike 

the idea of receiving a daily status report or a ‘story’ with detailed schedules 

and activities, as they feel that this would be privacy invasive for their 

parents. Persistent changes over time in eating habits, sleep patterns and 

mood are important to them, e.g., when the parent does not eat well for a 

week. Children want to have access to some level of detail on request in the 

following situations: (1) whenever they are informed that something may 

have changed in their parent’s routine, (2) whenever they have some worries 

about their parents, and (3) if they just want to be reassured that everything 

is fine and that the system is still working. Figure 2.2 shows the average 

questionnaire responses from the participants concerning the level of interest 

in detailed information about their parents based on different items in the six 

categories of wellbeing. 

Caregivers prefer their parents to be reminded directly regarding issues 

like medication intake, and security (e.g., doors open), rather than them 

being notified about such issues. They recognize that disease related data 

and vital signs (under health status) are important to monitor but they would 

rather have these sent to a doctor who would provide them with richer 

information and explanations. They do not consider entertainment and social 

contacts as important to know about. These are considered to be a private 

matter of their parent. However, they are concerned that their parents’ 

cognitive abilities may decline over time and want to know about it from the 
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onset; even potentially at the cost of invading privacy: “although some 

things may be private, it is important to know to protect them”. Moment to 

moment information about presence at home is important to children. This 

can be valuable if they know their parents are at home but do not pick up the 

phone, suggesting that something could be wrong. This aligns with results in 

other applications of connectedness oriented awareness systems, e.g., for 

families with young children (Brown et al., 2007; Khan and Markopoulos, 

2009) where a major use of awareness systems was found to be simply for 

reassurance that everything is as usual. 

  

Figure 2.2: Average responses of perceived interest for receiving detailed 

information based on various items under each category of wellbeing information. 

Several ways of presenting awareness information were discussed 

including: a digital painting, a lamp, photonic textiles, a mobile phone, a 

little robot, a digital photo frame, an art sculpture, a digital book, the 

television and a website. Figure 2.3 shows an overview of these concepts. 

These were presented in a slide show presentation. Among these various 

possibilities, participants favored interactive digital photo frames, several 

times referring to quotes such as “we already dedicate photo frames to 

people we care about” and the fact that photo frames already add a ‘personal 

touch’. Many participants commented that they have photo frames to think 

about their loved ones and feel connected. Participants favored the concept 

because they are already familiar with photo frames and these would not be 

a new dedicated gadget, thus, making it easier to blend them into the home 
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environment. The mobile phone would be too stressful for people's daily 

lives, obtrusive and distracting. Although having this information on a 

portable device would allow them to receive updates all the time wherever 

they are, they would still prefer to 'pull' this information at their own time 

and pace. Although the website is convenient, some participants feared they 

would have to spend more time at their computer than what they already do. 

Furthermore, participants were asked to rate their preferred modality to 

receive awareness information. Light and color were the modalities liked the 

most, while physical changes or subtle movements in objects were liked the 

least.  

 

This concept is similar to the work done 

with InfoCanvas (Stasko et al., 2004) 

portraying information art. The painting 

could consist of lots of birds or animals 

indicating high activity. Detailed 

information could be seen by the presence, 

location, shape or color of specific items on 

the painting. 

 

 

Light glowing objects (e.g. lamps like 

Ambient Devices
5
) in different patterns can 

indicate the status of elderly or may indicate 

that something has changed in the elder’s 

routine. To view detailed information, 

touching or shaking the lamp may project 

details on the lamp itself, on a wall or a 

table.  

  

 

 

Light patterns with Philips' photonic textile
6
 

can be used on cushions or pillows that 

change color and/or patterns when the 

elder’s status changes. 

                                                      
5
 http://www.ambientdevices.com/ 

6
 http://www.research.philips.com/password/download/password_28.pdf 
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Several types of messages can be sent 

through a mobile phone. SMS, video 

messages, or emotions with smileys or 

emoticons, or even voicemail with 

predefined or automated messages, can all 

be used to convey the status of elderly. To 

attract the attention of children, specific ring 

tones can be used. 

 

 

 

 

The well-known wifi rabbit Nabaztag
7
 could 

move its ears, change its nose or belly 

colors, or talk, to inform about the wellbeing 

of the elderly. 

 

 

 
 

 

 

 

 

 

 

A digital photo frame can emit light patterns 

on the frame to show the status of elderly. 

To access more information, the photo frame 

can have a touchscreen where users can view 

more details and trends. 

                                                      
7
 http://www.nabaztag.fr/ 
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A dedicated art object can be used where 

parts of it can move accordingly or could use 

light to inform children about their parent's 

wellbeing. 

 
 

 

 

A digital book placed on a bookshelf can 

give information based on the movement of 

tilt of the book against adjacent books. Light 

patterns can also be used on its cover to 

attract users' attention. To have more 

detailed information, the book can be opened 

and have interactive features to navigate 

through details.  

Figure 2.3: Different concepts explored with target subjects on how they would want 

to receive awareness information about the wellbeing of their parent. 

Overall, the focus group study could conclude that elderly do not mind 

sharing information with their children but they fear becoming a burden to 

them: “they are too busy, they have their own children and their own lives”. 

Most of the elder informants consider themselves ‘too young’ for our 

system. Nevertheless, they like it when their children show interest.  

Regarding some of the concepts discussed by Morris et al. (2003) on 

using cameras to monitor elderly and the frail, our initial user studies reveal 

that elderly would not mind having such systems as long as there are no 

cameras installed in their home and the system is unobtrusive. This is a 

challenge that needs to be addressed during the design and implementation 

of such a system. 

2.2 The Aurama Awareness System 
Our preliminary study showed that contrary to the related systems discussed 

in the introduction section, there is an interest for longer term monitoring 
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information. We decided to verify this by designing, implementing and 

evaluating a system presenting information about presence at home, sleep 

patterns, weight variations, and cognitive ability. Although related work has 

been done on measuring sleep (Adami et al., 2003) and cognitive decline 

(Morris et al., 2003), very little has been done to study the effect of tracking 

and sharing patterns of these with caregivers. Shirazi et al. (2013) have 

explored tracking sleep patterns using a mobile phone and stipulate that 

sharing sleep information with social networks impacts feelings of 

awareness and connectedness among friends, but as a means of comparing 

with others and simply letting their social network on Facebook know about 

it, rather than focusing on caregivers.  

 

 

 

 

 

 

 

 

Figure 2.4: An overview of the system’s architecture. 

 

2.2.1 System architecture
8
 

Figure 2.4 shows the system’s architecture. The core of the architecture is a 

database management system that stores persistently and manages all data 

collected from the various sensors and algorithms of the system in a 

structured way. The database allows for performing sensor data analysis 

over a long period of time. It also is the interface between different 

components of the system (e.g., sensors, algorithms, clients). The data 

analyzed is exposed via a web server running on a PC in the elder’s house.  

                                                      
8
 Credits for the implementation go to Alexander Sinitsyn and Simon Abernethy 

from Philips Research. 
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The choice of sensors to be used in the system was dictated by the 

following requirements: reliable measurements of observable events 

ensuring correct conclusions based on sensed data, ease of installation, 

unobtrusiveness, and the sensor battery life should be sufficient to run a 

continuous field trial without intervention. 

                   

Figure 2.5: An RF transmitter placed in a portable object (key fob) to detect 

presence (left) and a load sensor used under each leg of the bed to capture weight 

and sleep patterns (right). 

A wireless tag from Sensite Solutions, as shown in Figure 2.5 (left), 

transmitting radio-frequency (RF) signals and placed on a keychain was used 

to detect presence at home. The presence status is monitored constantly, 

updating information on the server. A client process at the child’s home 

polls the server for an updated status every minute. Our initial tests have 

shown that the presence detection based on RF signal strength alone 

generates a high number of false alarms, e.g., the user could be reported to 

be ‘out of home’ while in fact the user was at home. Furthermore, the RF-

based presence detector is susceptible to false readings within a building due 

to the irregular RF field patterns generated within a building. We have 

overcome this problem by adding an accelerometer to the RF signal 

transmitter. By fusing data from both RF signal strength detector and 

accelerometer we could obtain more reliable presence detection. Information 

fusion (i.e., the combination of multiple information sources) is commonly 

used in different application domains to obtain improved information for 

detection and classification (Nakamura et al., 2007). In our case, adding the 

redundancy (i.e., using 2 complementary sensors instead of one) makes the 

presence detection less vulnerable to failure of a single sensor. 

Weight is measured with load sensors from Vetek (Figure 2.5 right) 

placed under each leg of the elder’s bed using a similar technique as (Adami 

et al., 2003). A measurement is taken daily during the night. By using load 

cells we can unobtrusively monitor elder’s weight without the need for the 
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elder to stand on a weight scale every day. The same load sensors are used to 

monitor the number of times the elder gets up during the night, the amount 

of sleep, the time the elder goes to bed, and the time the elder wakes up, to 

assess any irregularities. This information is sufficient to get a good 

indication of the quality of their sleep. By using load cells we are able to 

monitor both the weight of elderly people and their sleep pattern with one set 

of sensors. The data collected during the night is assessed the day after to 

identify potential alert conditions based on predefined thresholds. These 

thresholds are dependent on the elder’s lifestyle and are defined before using 

the system by asking the elderly about their usual lifestyle patterns. 

Alternatively, the system could run for several days in the beginning ‘to 

learn’ the patterns. For example, a yellow aura is shown if the elderly woke 

up 2-3 times during the night and an orange aura if it was more frequent, or 

if sleep duration would fall under a certain threshold. For some elderly, 

getting up a couple of times during the night may be completely normal. 

Thus, these thresholds are set based on an individual basis.  

Cognitive ability is assessed with computer games that address different 

cognitive skills. The design and evaluation of these games is discussed 

extensively in http://cognitivelabs.com/. These games were deployed on a 

tablet PC given to the elderly. They would not only play the cognitive games 

on the PC, but also view their own wellbeing information on it. We chose to 

provide games that would assess the following skills (as explained in 

Gamberini et al. (2006) and Zwartkruis and de Ruyter (2008)): mental 

rotation, memory, vigilance, selective attention, and discrimination. Each 

skill is assessed with one game. Figure 2.6 shows an example of one of the 

questions in the mental rotation game, which presents users with three-

dimensional blocks and asks them to mentally rotate these blocks (Shepard 

and Mezler, 1971). Each time the elder plays one of the games, they are 

asked to answer a set of five questions, which is considered to be one test. 

For each test, a score is calculated according to the average number of 

correct answers and the average reaction time. For some games, the reaction 

time is more important than in others, therefore a value between 0-1 is used 

to weigh the important of reaction time for each game. Thus, for each 

cognitive skill an index score is calculated. These games were conceived as 

a pleasant way of monitoring cognitive abilities, though it is not necessarily 

assumed that the games would attract the interest of elderly for sustained 

periods.   
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(A) (B)   

Figure 2.6: Identical rotated blocks (left) and rotated blocks which are different 

(right). 

 

2.2.2 Aurama: an aware picture frame 

Aurama includes a digital photo frame presenting a slideshow of personal 

pictures loaded by any family member, to behave like any other digital photo 

frame. The prototype uses a 7-inch tablet PC with a touch screen (see Figure 

2.1). Around it a colored light ‘aura’ presents at-a-glance information 

regarding the elder’s wellbeing. It is equipped with a state-of-the-art light 

guide made of transparent material making it look like a typical digital photo 

frame, with the addition of emitting colored light auras. If the elder is at 

home, a blue aura appears on the child’s Aurama, which disappears if the 

elder leaves. To provide awareness of changes in wellbeing a yellow or 

orange aura is formed, depending on the severity of the change. 

When users interact with Aurama by touching the screen, they access 

an iconic menu screen shown in Figure 2.6 with the choice to access sleep 

patterns, cognitive ability, weight patterns, and an overview of wellbeing. 

The charts of Figures 2.7 to 2.10 show the detailed information collected 

about the elder which the user can browse through. Most charts show a long 

term overview of a parameter relating to wellbeing. For example, sleep 

patterns (see Figure 2.7) are presented as colored bars presenting the amount 

of sleep for each day for the previous two weeks. The color indicates 

whether it was a normal night of sleep or not, and two default severity levels 

are used: yellow and orange. 

Trends in weight (see Figure 2.8) show a daily weight trend compared 

to a running average. Thus, the time it takes for the weight to change is taken 

into account. 
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For cognitive ability (see Figure 2.9), different cognitive skills are 

shown in the form of blue and grey bubbles on the chart for the current and 

previous performances, respectively. Each bubble represents the average 

index score for five trials. Improvement or decline is observed by the 

position of the current performance with respect to previous performances. 

 

Figure 2.6: The user interface for the menu screen: sleep patterns (top left), cognitive 

ability (top right), weight patterns (bottom left), and an overview of wellbeing 

(bottom right). 

 

Figure 2.7: The user interface for presenting sleep patterns. 
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Figure 2.8: The user interface for presenting weight trends. 

 

 

Figure 2.9: The user interface for presenting trends in cognitive ability. 
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Lastly, an overview of wellbeing (see Figure 2.10) shows if any of the 

parameters is ‘out of balance’ with a bar being above or below a reference 

line. For sleep and weight being significantly above or below the line could 

signify a health issue to be concerned. For cognitive ability, the bar would 

only shift downwards if scores on the games start declining.   

 

Figure 2.10: The user interface of an overview to see if any parameter is ‘out of 

balance’. 

 

2.3 Experience Trials in a Home Lab Setting 
A first user test (N=6, average age: 46) took place at the Philips Research 

ExperienceLab, a laboratory simulation of a home environment. The 

participants were peripherally involved caregivers. Aurama was placed in 

the living room of the lab, where the participant and researcher discussed 

several aspects of the awareness system. Each session lasted approximately 

one hour. The session began by introducing the system and collecting 

demographic information.  These trials were conducted in a lab setting given 

the difficult practicalities of installing the set up at homes of participants, 

The session started with a walkthrough usability evaluation using the 

thinking aloud test protocol. Participants were asked to go through each 

aspect of the user interface and think aloud about what they see and how 
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they interpret it. During this part of the session, the acceptability, the 

benefits and the risks of the system were discussed. A scenario-based 

evaluation was then conducted with two scenarios. The first part of the 

session was about showing irregularities of weight and sleep using colored 

auras and detailed graphics on Aurama. They were asked to interpret the 

situation and to discuss what would their reaction be if this scenario would 

play out in real life. The last part of the session was spent discussing several 

aspects of Aurama such as usefulness and added value, distraction of the 

ambient display, aesthetics, novelty and fun, and peace of mind. 

After the sessions, the interviews were transcribed. Transcripts and 

notes were segmented to self-contained meaningful statements written on 

post-it notes. The author analyzed data inductively using a thematic analysis 

approach (Braun and Clarke, 2006). 

The lab test showed a general appreciation of the application, which 

participants found easy to use. All participants were able to interpret the 

colored auras. When asked how they would react to information about the 

elder provided through the system, 5 of 6 mentioned they would call their 

parents to see how they are doing and one would wait and see if things go 

back to normal before giving a call. They indicated wanting more detailed 

information at times of abnormalities. All charts were well understood by the 

participants and the overview screen was preferred highly as a ‘diagnosis’ 

screen where it would be easy to spot what aspects of wellbeing have 

changed. 

Users appreciated that the system would help them access wellbeing 

information more easily than through phone calls and visits. They expected 

they would gain ‘peace of mind’ and were positive that it would get them 

more involved in their parents' wellbeing. For privacy reasons, users wanted 

the option to choose which colors were used for certain abnormalities so that 

visitors would not be able to interpret them. Further, they expressed interest 

in getting information about the mood and emotional feelings of their parent, 

which they find difficult to assess with phone calls and visits. 

Participants commented that knowing continuously when their parent is 

in or out may be distracting. They do not mind the display of presence 

information as long as they can disable it. They would feel obliged to 

respond when a colored aura would indicate an abnormality and in most 
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cases they feel their parents would expect them to respond. However, they 

do not feel the system would create a burden on them and they reported that 

they would not mind feeling obliged to call in such situations. Several 

participants discussed that knowing about such changes in wellbeing would 

trigger more phone calls which could lead to more frequent visits. These 

results were found to be encouraging, but, given that the exposure to the 

system was brief, the preferences and opinions reported are rather 

hypothetical to the participants. For this reason, it was necessary to 

corroborate these findings with field trials. 

2.4 Field Trials 
Two field trials were conducted to: (1) let users experience the system under 

realistic conditions and to evaluate its added value as a communication 

medium; (2) evaluate awareness and connectedness between parent and 

child; and (3) evaluate privacy issues and technology acceptance. Each trial 

involved an elderly parent living alone, at a distance from a child who is 

peripherally involved in the care of the elder. The participants used the 

system for two weeks. Participants were requested to send us the photos they 

wanted to show in the digital photo frame; these photos were then uploaded 

by the researcher in the server. 

Questionnaire measurements were taken before installing the system, 

after using the system for two weeks, and two weeks after the system was 

removed. The participants were interviewed and filled in questionnaires to 

evaluate the ambient display such as the one used with the InfoCanvas 

(Stasko et al., 2004) and the Affective Benefits in Communication (ABC) 

(Baren et al., 2003). These questionnaires provide an operational account of 

several positive and negative consequences regarding the use of 

connectedness oriented awareness systems. ABC includes scales for the 

following affective benefits: awareness, connectedness, thinking of each 

other, usefulness, aesthetics, novelty and fun, and the following costs: 

privacy, obligations, expectations, distraction. Each scale has 4 items, which 

users rate using a 7-point Likert scale (‘strongly disagree’ to ‘strongly 

agree’). Some examples of such items were statements like: ‘with the system 

I think about my mother more often than without the system’, ‘the system 

keeps me informed about my mother’s wellbeing’, ‘with this system I feel 

more obliged to contact my mother than without the system’, or ‘with this 

system I feel a burden on me’. Some topics of informal discussion were 

about the effect on contacts between parent and child, privacy, bonding, and 
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the use and value of the system. Furthermore, a web statistics tool was 

installed on each client to determine the use patterns. 

2.4.1 First field trial 

The first trial involved an 85-year-old woman living alone, 25 km from her 

daughter who lives with her husband and is peripherally involved in the care 

of her mother. Figure 2.11 shows the field trial set-up. The daughter 

interacted with Aurama, visiting each chart once a day on average to see 

how her mother was doing. Figure 2.12 shows the usage patterns of the 

awareness system for the elder and the child. She appreciated the presence 

information indicated with the colored auras very much and did not 

experience it as distracting. Every day, as she came back from work or 

before calling, she would check whether her mother was at home. She said 

that she did not need to know how many times her mother went out, but just 

to be aware of her presence was convenient and a nice experience. She 

claimed that presence information alone gave her a connected feeling with 

her mother. 

During this trial the elder did not sleep well during four nights. The first 

two were due to a death in the family, which caused her to get up several 

times. The other two nights were due to regular visits to the bathroom, one 

of those being due to stomach problems. Each time, a yellow aura was 

shown on her daughter’s Aurama. The first two times, the daughter knew 

about the loss in the family and seeing that her mother did not sleep well, 

triggered her to call. For the other times, she did not call right away; instead 

she waited until her next routine call to inquire. She did not consider the 

system to be a burden nor felt that Aurama invaded privacy since her mother 

accepted to share the information. She wants her mother to have full control 

of what is shared. 

The daughter was more interested in sleep and weight trends, and not in 

cognitive ability because she knew her mother was doing well mentally. It 

should be noted that this information cannot be appreciated very well given 

the short duration of this study. They are useful when in the period of use 

they reveal trends that are not clearly perceived directly by the users. The 

daughter valued the charts as they provided a quick overview. If necessary, 

she would call to find out more details: “[…] not knowing the number of 

hours slept and exact times is ideal. It’s good to have just an indication. If 

you want to know more, you should call. There should be more interaction 
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between parent and child. It should trigger more contacts and not replace the 

contacts. If you call more, it could trigger you to visit more”. She wanted 

additional information about her mother's diabetes, eating patterns, and 

medication. Furthermore, the son-in-law wanted the system for his mother 

because she is older, in a frailer condition, and lives alone in her own home. 

 

     

 

Figure 2.11: Field trial 1 set-up: (top left) the elder playing cognitive games on her 

photo frame, (top right) the load cells under her bed and (bottom) Aurama in her 

daughter’s living room indicating with a blue aura the presence of the elder. 
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 Figure 2.12: Usage patterns of the first field trial for the child (top) and the elderly 

(bottom). 

The elder liked that her daughter called more since she likes it when her 

children show they care for her. However, she found the system to have 

more benefits for her daughter than for herself. Although she thought the 

system should be targeted at frailer elders, she was happy that her daughter 

knew about her wellbeing so she would not worry. She did not want alerts 

for trivial events, e.g., a bad night of sleep, but rather for repeated or more 

serious events. She found it amusing when her daughter asked her about a 

bad night of sleep. She appreciated the fact that not too many details were 

given, like the number of toilet visits.  
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Morris et al. (2003) suggest that elderly should interact through 

interfaces they are familiar with, and that are embedded in everyday objects 

(e.g., a photo frame). However, our research reveals that this is not enough. 

Adopting new technology is harder when it replaces another technology they 

are familiar with. For example, although the elder was asked to play the 

cognitive games on her photo frame, she still preferred to play her own 

paper-based games, which presented an obstacle for using the system and 

collecting data regarding cognitive performance. 

2.4.2 Second field trial 

The participant in this trial was an 81-year-old man living alone about 30km 

from his son (married with three children). The elder was always concerned 

about putting a burden on his children. He called them only when necessary 

rather than making routine calls to keep in touch. During the trial, he 

preferred to have the presence tag in his wallet and by misfortune he forgot 

his wallet once and was out all day. His son called him several times since 

there was a presence aura on Aurama indicating he was present at home. Not 

having his calls answered, he panicked and drove to his father's place to 

check on him. He experienced a negative effect for worrying unnecessarily 

by finding his father non-responsive while being informed about his father’s 

presence at home.  

The elder had no problems with sharing information with his son. He 

found the system useful but was nervous about forgetting his wallet again. 

He experienced three abnormal nights of sleep. Every time, a yellow aura 

was shown on Aurama and the son called. He preferred to have more details 

on sleep to see what was not normal. Contrary to the first trial, he would like 

the system to give him all the details rather than him needing to inquire 

about them. The grandchildren (under 10) also reacted to the alerts by 

calling it to the attention of their parents. 

The caregiver was clear about wanting to be informed only about 

serious situations. He appreciated the idea of having only the overview 

screen to check if everything is fine, but have access to all details if 

something is wrong. He found it annoying to be informed whenever his 

father had one bad night of sleep: “inform me only if he has not slept well 

for 4 or 5 nights”, showing a preference for a macroscopic view of the 

situation of the parent. He preferred to access this type of information on a 

PC rather than a photo frame because he found the constant aura on Aurama 
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distracting, and thus he felt ‘forced’ to look into the charts several times a 

day. The Aurama system increased the awareness of wellbeing information 

of the elder, keeping the caregiver more engaged.  

 

 

 Figure 2.13: Usage patterns of second field trial for the child (top) and the elderly 

(bottom). 

 

Figure 2.13 shows the usage logs for the second field trial. It is 

interesting to note that the elder was quite active since he was encouraged by 

his son to play the cognitive games to assess his cognitive ability and how 

that changes over time. 
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2.5 Discussion 
Aurama extends and refines earlier research in using a picture frame based 

display of awareness information (Consolvo et al., 2004; Mynatt et al., 2001; 

Rowan and Mynatt, 2005). From a design perspective it pays more attention 

to aesthetics and in ensuring that it offers an unobtrusive, peripheral way of 

indicating presence and trends in wellbeing of a single elderly person. Test 

users appreciated the design aesthetics of the display and the colored auras to 

indicate status information of a close relative.  

More importantly the design and evaluation of Aurama were aimed at 

identifying the nature of the information that is required to provide support 

in the scenario of a single elder and a remote, care giving child. The analysis 

of the user needs at the beginning of the project, contrasts earlier approaches, 

which are based on providing a detailed account of activity levels of the 

elderly (Mynatt et al., 2001; Rowan and Mynatt, 2005) or of the activities 

themselves (Metaxas et al., 2007). Specifically, in our study the children 

indicated that they want to know about changes in wellbeing that are 

difficult to assess during visits and phone calls, namely long term trends, 

moods. In accordance with earlier findings (Brown et al., 2007; Khan and 

Markopoulos, 2009), they also wished to have a general reassurance that 

things are going as anticipated. Given the expressed preference of this group, 

Aurama was designed to display the long term evolution of important, 

objective, and sometimes very personal parameters relating to the wellbeing 

of the elder. These parameters helped to alert caregivers to unusual situations 

also.  

Contrary to earlier work (Metaxas et al., 2007), we found that the use of 

narratives or ‘stories’ with detailed information (what, when, where) was 

generally disliked by adult children and was seen as intrusive. This 

difference can be attributed to the fact that our elderly subjects were not as 

frail as prior studies (where more detailed narratives may be more 

appreciated by caregivers). Furthermore, our study took a broader focus than 

earlier work in questioning what type of information should be captured and 

conveyed, whereas Metaxas et al. started from the initial goal to try to 

capture and communicate information about ADLs. Users appreciate that 

Aurama does not give very detailed information and, emphasize that it 

provides them with just enough high level information. 
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Although the charts show long term trends of wellbeing parameters, the 

participants used the system for two weeks only, which is not enough time to 

accumulate enough data to identify what constitutes an abnormal change. 

Therefore, to assess how the children would react to the colored auras 

indicating an abnormal change, the alerts in the trial had to be triggered by 

one-time events (e.g., one bad night of sleep). However, participants clearly 

indicated that based on their experience the alerts should be given only for 

long term or persistent abnormalities. 

Privacy is a major concern in designing connectedness oriented 

awareness systems. Our studies show that the children do want to know 

about their parent’s wellbeing but often fear that they are intruding, even 

when their parents do not mind sharing the information.  

The system focused on negative changes in wellbeing (i.e. conveying 

potential abnormal changes in patterns). Participants in the user studies 

reported a major interest in being aware of the positive aspects or the 

improvements in wellbeing as well. This could indeed foster further peace of 

mind. There was interest shown to augment the photo frame further to 

exchange messages or to be able to see each other and assess wellbeing via a 

video link.  

The field trials also demonstrated that the participants were very 

interested in self-awareness, which is consistent with the findings reported 

by Morris et al. (2003). Elderly are interested in very detailed information 

about their wellbeing for themselves, but want to share only just enough 

with their children to provide peace of mind to them. This is in line with 

current trends on personal health informatics, which seek to provide the tools 

and applications for individuals to track health parameters over a long 

period, but suggest an area of future evolution for these applications to share 

such data with close family. 

As noted in the second field trial, the awareness information displayed 

needs to be reliable. The benefits of an awareness system that aims for peace 

of mind can be cancelled out completely or even reversed, if erroneous data 

is given. It is therefore crucial not to depend on one approach to context 

sensing but to combine different technologies to increase reliability and 

robustness of the system. This is consistent with the experiences reported for 

the Digital Family Portrait (Rowan and Mynatt, 2005) and the Diarist 
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(Metaxas, 2007). From a technical perspective, reliability and robustness are 

essential, an issue that is consistently ignored in related literature. 

Importantly, interaction designers need to find solutions to address these 

problems by providing graceful degradation when things go wrong and 

useful feedback regarding the operation of the system, see of example the 

Diarist (Metaxas et al., 2007) where the notion of seamful design (Chalmers 

and Galani, 2004) was explored. 

Regarding the use of sensors and the algorithms, we came up against 

the limits of the technology used to probe awareness needs. For example, it 

was noticed that the algorithms for sleep detection were too simple. As soon 

as a person was on the bed, whether sitting, lying or reading it was recorded 

as going to sleep and if and when the person would subsequently get off the 

bed it would be recorded as a wake-up event. So even though the elder may 

have sat down on the bed for only five seconds just before going to sleep, the 

system would record a get-up event. The elderly in the second field trial 

appeared erroneously to have quite an irregular sleeping pattern due to 

frequent sitting down and getting up before actually going to sleep. Also, he 

always reads a lot in bed before falling asleep, while the system recorded 

this as him being asleep already. A proper detection algorithm is needed that 

distinguishes between sitting on the bed, lying on the bed, reading on the 

bed, sleeping, leaning on the bed and so forth. It is anticipated that this can 

be addressed by analyzing the data coming from each load cell individually 

and assessing if the person is moving or is relatively motionless. 

Nevertheless, it should be noted that current available commercial systems 

suffer from the same limitations even if they rely on completely different 

technology (e.g., wearable wristband with accelerometers rather than 

pressure sensors under the bed). This indicates that reliably interpreting 

sensed data continuous to be a challenge in the field. In fact, while there has 

been a lot of research interest and commercial development in the field of 

sleep quality monitoring (e.g. the Fitbit
9
 system, or the ZEO

10
 sleep 

monitoring technology), there is no technology yet that can reliably capture 

sleep quality. However, in the field of connectedness oriented awareness 

systems, the precise and accurate measurement of sleep quality may not be 

necessary, as long as the indication of long term trends is correct and as long 

as the capturing related data is unobtrusive and sustainable over longer 

                                                      
9
 http://www.fitbit.com/ 

10
 http://en.wikipedia.org/wiki/Zeo,_Inc. 
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periods. The prototype we evaluated serves to evaluate how communicating 

parties accept the use of sensing technology for the purposes of 

connectedness rather than as an example of how to monitor sleep quality. 

Furthermore, although the load cells are calibrated once a day, the 

indicated weight is never 0 kg just before the elderly goes to bed. It is 

usually a few kilos less, so it could be that bed sheets are removed. The lack 

of accuracy in this case can be resolved by calculating the difference in 

measured weight just before and just after getting up from bed, rather than 

taking the absolute measured value during the night and/or by taking into 

account events like taking blankets and other objects from and to the bed 

before and after going to bed.  

With presence detection it happened a couple of times that the sensor 

was 'thresholding', meaning that the sensor was located at the limit of the 

signal detection zone and would register in and out events several times in 

short succession, causing a blue aura to appear on the child’s photo frame 

and disappear within a short period of time. 

The settings and thresholds for the normal number of wake-ups during 

the night was based on a questionnaire and entered into the system manually. 

It would have been better if an automated system with a learning feature 

could have been implemented. 

The above problems are typical for the development and deployment of 

sensor technology and illustrate some of the challenges that need to be 

overcome during field testing and need to be accounted for in the system and 

interaction design. Further, they illustrate important challenges that need to 

be overcome before ambient awareness systems can be reliably used in daily 

life, or to satisfy consumer needs. 

Since the development of the Aurama awareness systems and the field 

trials were executed, there have been a lot of developments in sensing 

technologies and personal informatics, that allow the type of data collected 

in this study to be sensed with low cost consumer devices (e.g., FitBit, 

Jawbone), and integrated in platforms like HealthVault, or Virtual Personal 

Health Records that allow having a single information space. Our work on 

the other hand has focused primarily on instrumenting the environment 

where possible, and to put as little requirements as possible on the user. The 

results of this study and the evolutions in available technology suggest that 
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awareness systems to connect elders with their caregivers are very feasibly 

and can be financially accessible technology. 

2.6 Conclusions 
The presented research explored the potential of ambient intelligence to 

support awareness of context information of elderly living alone. Aurama 

targets adults who are peripherally involved in the care of their aging 

parents. We have provided evidence regarding the value of connectedness 

oriented awareness systems for this target group, in line with the earlier 

works mentioned in the introduction (Consolvo et al., 2004; Mynatt et al., 

2001; Metaxas et al., 2007; Morris et al., 2003). Our system provides a rich 

and personal set of information, in a way that makes it easy for the children 

to get an insight in the long term trends in the wellbeing of their elderly 

parents. Aurama also provides presence information (i.e. at home or away) 

and offers the elders the ability to determine how their wellbeing 

information is presented. 

Contrary to prior work mentioned above, we have found that people in 

the targeted user group, and in the social context we looked at, prefer to get 

long term trend information regarding the wellbeing of their parent rather 

than low-level information regarding whereabouts, activities, or social 

interactions. This result suggests reorienting related research towards 

sensing and visualizing long term data. It also indicates the importance of 

long term field trials.  

Our work emphasizes the aesthetic aspects of awareness information 

displays. The innovative and aesthetic design of Aurama features colored 

light auras around a photo frame that allow users to get an overview of the 

state and wellbeing of their parent at-a-glance without demanding to be the 

focus of their attention. Especially the combination of the long term trend 

data and our new way of presenting data with colored light auras were 

appreciated by participants in the field trials.  

Our implementation focused on presenting meaningful and personal 

awareness information, in particular, sleeping patterns, weight variations and 

cognitive decline. From the evaluation we found that sharing this 

information is valued for achieving connectedness and peace of mind, at the 

same time users want mechanisms to control the associated information 

flow. Further research is needed to develop and evaluate such mechanisms 
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and to establish a more uniform acceptance regarding the methods used to 

capture the information. 

Although the elders are able to inspect the information shown about 

them, Aurama is in essence a one-way information channel. Future versions 

of the system could explore which information the elder may want to know 

regarding their children. There is an opportunity for making the system 

symmetric and support social translucence (Erickson and Kellogg, 2000), 

which would hopefully allow the notion of being ‘monitored’ to be reduced 

or even removed. This issue will be explored further in chapter 5. 

In literature, there is not much reported about the patterns of use of 

connectedness oriented awareness systems for our target user groups. Earlier 

work (Consolvo et al., 2004; Mynatt et al., 2001; Rowan and Mynatt, 2005; 

Metaxas et al., 2007) reported promising initial findings, but the number and 

duration of trials are still limited. It is of interest to investigate what users 

can infer from the awareness information presented, in particular from long 

term trends in parameters related to wellbeing, and to explore if children and 

elderly continue to use the system after an extended period of time. Our 

studies have shown that children are interested in being aware of the mood 

and state of mind of their elderly parent, but it is still unclear what the 

emotional benefits of these would be. Moreover, there is a profound interest 

in awareness of positive aspects of wellbeing and further research is needed 

to adapt the Aurama awareness system to accommodate these needs. 

Furthermore, elderly want to use the Aurama as a means of exchanging 

asynchronous messages or synchronous video chats with their loved ones, 

but the potential downside of these (e.g., lower number of phone calls and/or 

visits) should be further explored. 
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3  
Intertwining Implicit with 

Explicit Awareness 

Based on lessons learnt from the first field trials described in Chapter 2, 

several changes were made to the awareness system. We wanted the Aurama 

system to move away from being a clinical ‘monitoring’ system that one 

remembers to use only for checking the wellbeing of the elderly simply out 

of duty. For this, two things were required: firstly, making the system more 

symmetric and secondly, de-emphasizing the wellbeing information while 

making Aurama a venue for regular playful and pleasant interaction that 

makes them feel connected. Thus, checking long term trends of the elder 

becomes a secondary use but still a natural one. Additionally, we want to 

allow the expression of positive messages and provide a glimpse to the 

emotional feelings of the elder. To meet these requirements, we expanded 
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the Aurama system to support affective messaging via the picture frame by 

means of intelligent photo frame jewelry (Figure 3.1). This allows users to 

express emotions explicitly in a playful manner: placing or swiping a tagged 

object (smiley, love or cry) on the picture frame creates a colored aura on the 

frame at the remote site, together with a graphical representation of the 

emotion. To further reduce or eliminate asymmetry, the revised design 

allows presence information to also be bidirectional, so both parties’ key 

chains are augmented to share presence awareness of each other. 

 

Figure 3.1: Intelligent photo frame jewelry provides explicit awareness of affections. 

Furthermore, it was also noted that the field trials were too short to 

provide useful trend information on cognitive abilities, so the cognitive 

games were removed from the system. 

Figure 3.2 shows the system’s architecture and examples of long term 

trends. To further examine the interest for users of long term trend 

information, in addition to sleep and weight charts, we developed an 

overview of presence at home over time, which facilitates the detection of 

abnormal patterns and changes in habits. Figure 3.3 shows a sample chart for 

presence patterns. 

3.1 Long term Field Trials 
We were aware that the initial trials in the field were too short to observe 

anything resembling a long term trend. We needed participants to have a 

more realistic experience of the Aurama system. Especially we wanted to see 

if the system is used or is gradually abandoned after a few days, if it 

becomes an integral part of the communication between parent and child, or 

something that they do just for the experimenter’s sake or for reasons 

relating to study set-up rather than to support their actual communication 

needs. To evaluate the revised system, Aurama was deployed for two longer 

trials: one lasting for six months and the second one for four months. In total 
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nine subjects participated in this study. The first trial involved an 85-year old 

woman living alone in a home care community and at a distance (70 km) 

from her son, his wife and her two granddaughters. The second one involved 

an 82-year old woman also living in a home care community about 135 km 

from her son, his wife and her grandchild.  
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Figure 3.3: Sample chart displaying presence patterns of the elder showing when the 

elder is in (lighter timeslots) or out (darker timeslots). 

The trials consisted of three phases: (1) the sensor infrastructure was 

deployed and was used to collect data for a period of time, (2) the ambient 

display was installed on both locations where awareness of presence and 

wellbeing was provided, and (3) the set-up was enhanced with explicit 

exchange of affective messages. Similar to the initial short trials, interviews 

and questionnaires were conducted before installing the system and after 

each phase. However, since the results of the questionnaires alone in the 

initial trials did not provide convincing results as the qualitative feedback 

did, we used the questionnaires measuring connectedness (Van Bel et 

al.2003), and the usefulness of the system (McAuley et al., 1989) to design a 

semi-structure interview based on several items of those questionnaires. 

Topics included obligations and expectations felt during the use of the 

system, privacy concerns, shared experiences, feelings of closeness, and 

usage patterns. Each interview was audio recorded lasting about half-hour 

and was conducted individually. 

The data collection in phase 1 of the first long term trial lasted for three 

months, while the second trial’s phase 1 lasted for two months. The set-up 

took longer than expected since it was important to make sure that the 

technology was working properly to avoid going into the participants’ home 

multiple times during the following phases, as we experienced during the 
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initial short trials. It was also important to collect enough data to create a 

baseline and define thresholds for patterns, and configure the technology for 

that particular household.  

Although the field study was not controlled, there were several 

expectations based on the study set-up. It had been expected that at the 

beginning of the deployment period the communication patterns between 

parent and child would have not yet been influenced, and in order to allow 

for the novelty effect of the sensor technology at home to wear off a long 

phase 1 was introduced. Furthermore, the technology would be less 

disruptive than when it was first introduced. This is another advantage for 

having a long phase 1 for configuring the technology and collecting data. 

Furthermore, we also expected some privacy concerns to arise already, 

mostly related to the installation of the sensor technology to monitor their 

daily activity.  

In the second phase of the trial we expected to be able to evaluate what 

the effect is of having the awareness display available and how that 

influences communication patterns and feelings. We expected stronger 

feelings of connectedness and that both parties would be more reassured. We 

did worry about privacy concerns to arise, relating also to the disclosure of 

information about their private life and their status to their children. We 

expected also children to express concerns about being offered a glimpse to 

private aspects of their parent's life - this especially following earlier 

research, e.g., Diarist (Metaxas et al., 2007) where such concerns were 

expressed by the children and the initial interviews and focus groups). 

Finally, we expected that the introduction of emoticon-based communication 

would increase usage of the device, would make it be perceived as more 

playful and personal, and would reduce privacy concerns, since the whole 

'monitoring' component of the application is embedded inside the context of 

a regular communication activity. 

3.1.1 First Long term Field Trial 

During the second phase, the system could not be used for three weeks due 

to technical problems. While the system worked in this phase, the 

grandchildren and daughter in law checked every 2-3 days every wellbeing 

parameter presented in the frame. The son, however, would not check 

directly that often, but preferred to learn about it through his family, 
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preferring them to act as intermediaries to get the information. Figure 3.4 

shows the usage patterns of the child and his family with Aurama system. 

The elder did not sleep well for several nights throughout the study and 

as a result yellow auras appeared on the child’s frame. The family called to 

inquire if she had a bad night of sleep and felt ‘obliged’ to react, but they 

considered that an act of care and a responsibility they want to have, instead 

of a burden. In fact, they appreciate receiving such ‘negative’ news because 

they can get more involved in the elder’s wellbeing. Further corroborating 

with our preliminary field trials (Dadlani et al., 2010), they valued seeing 

wellbeing information that they have no access to otherwise; especially non-

detailed long term patterns gave them rich information to assess wellbeing. 

The experiences of the five participants were surveyed at three times, 

T0, T1, and T2 (see Figure 3.4).  At T1 they reported feeling that the system 

is not necessary yet because the elderly is still healthy, active and can call if 

there is a problem. Although the elder does not mind sharing the information 

with them and finds it pleasant to get calls when she does not sleep well, she 

feels she has enough contact and that it would be more useful for frailer 

elderly or be more relevant for her if she would not be living in a care 

facility. They do see the value, nevertheless, as a way to assess gradual 

decline.  

At T2, participants reported that they enjoyed communicating emotions 

by means of the ‘jewelry’ and the auras. They exchanged emotions multiple 

times a day. Love and smiley were used the most. Although they considered 

that presence and wellbeing awareness made them think more about each 

other, they reported feeling more connected during the third phase. Several 

times, an exchange would trigger a phone call. The granddaughters, for 

example, confirmed that the number of contacts increased during the third 

phase.  

The exchange of affective messages was also used as a reassurance 

mechanism. For example, the family learnt to expect every morning 

affective auras from the elder. A few times when this was missed from the 

elder, the family would take the initiative of sending her an emoticon, and 

she would reply back. The elder also felt the same: ‘If you see the smiley 

aura then you know that everything is fine’. If they receive an emoticon, 

they felt they had to reply and if they sent one, they would expect a reply. 
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Although this feature created a level of obligation and expectation, they 

found it enjoyable and useful.  
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Participants were satisfied with the three emoticons available and 

thought that more would confuse the elder. They did report, however, a need 

for more meaningful and short messages, e.g., good morning, hello!, and the 

ability to talk through the ambient display. The physical objects were 

preferred over screen-based emotions because the tangibility of the 

interaction was considered more fun and natural.  

3.1.2 Second Long term Field Trial 

At T1 we found that the child enjoyed the presence awareness which made 

him think more about his mother and feel more connected. Having the blue 

aura was a pleasant experience for him too. However, one of his home 

guests commented that ‘you live with your mother again because she can see 

when you are home and when you are out’. Also, since the blue aura was 

quite salient, his neighbors could see whether his mother was ‘in or out’. 

Although these comments did not bother him, it made him realize that his 

mother is ‘there’ and started to fear that she could call and ask ‘where did 

you go, you were not at home’. This happened once and the daughter in law 

was not pleased with that.   

At the beginning there was quite some interaction with Aurama due to 

its novelty in the child’s environment. After approximately two weeks, 

however, they would only check if something was wrong or has changed. 

The family valued highly being notified about changes in patterns such as a 

couple of bad nights of sleep causing an orange aura to be formed on 

Aurama. This made them give a call not just after being informed but around 

those days as well to check if she had recovered. If there were no changes, 

the child would check only once a week or so. He did not feel he was 

intruding in her life but rather felt more involved in her wellbeing since they 

were not in the habit of communicating as much as his brother would with 

her. In fact, most of the wellbeing information about his mother he would 

typically get through his brother. But he valued to be able to have a direct 

glimpse into his mother’s wellbeing. 

The picture frame was perceived as too bulky and due to the hidden PC 

there was some noise caused by the PC’s fan. Furthermore, the user interface 

was not easy to read for the child and he would have liked more clear and 

detailed user interfaces.  
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The child would also like to be informed about his mother’s eating 

patterns, activity levels and medication intake. However, the child and his 

family would want a combination of direct and explicit communication with 

the awareness information provided by Aurama. Similar to previous trials, 

they would like to see and talk with the elderly through the picture frame. 

That explicit form of communication would be valued more than the 

affective messages experienced during the last phase. The emoticons were 

used mostly at the beginning of phase 3 and although they thought it was fun 

they prefer to have more meaningful messages. Once again, the only 

emoticons news were ‘love’ and ‘smiley’, while ‘cry’ was not. 

For the elderly, we came to know through the child that it was not 

entirely clear for her what the purpose of the system was. Although all 

received a similar instruction at the beginning when deploying the system, it 

appeared that the elderly did not grasp the concept or may have forgotten, 

and thus she focused only on seeing and enjoying the pictures displayed in 

the frame but did not understand what the auras were or that wellbeing 

information was sent to her son. The elderly was re-trained at T1. She did 

not perceive her privacy was invaded and did not mind sharing the 

information with her children. 

The elderly found it pleasing to see photos of her family on the picture 

frame and that his child was informed about changes in patterns and called 

when she had bad nights of sleep. Even though she could see his presence 

information and both could exchange affective messages, she still saw fewer 

benefits from the system for herself. Although she enjoyed seeing the 

emoticons and also used them more at the beginning, like her son, she would 

have preferred to have more video and voice communication. 

3.2 Third Generation of Aurama 
The first two versions of the Aurama system led to new insights and use 

cases for adopting such systems. Furthermore, a study was conducted with 

care providers from care organizations to understand their views of Aurama 

and what role it could play in their activities. Lastly, several new technology 

improvements were achieved that motivated changes in sensing and the 

design of new use cases based on the lessons from the earlier trials and the 

study with care providers.  
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3.2.1 Involvement of care providers 

The preceding user studies discussed above have revealed that there is a 

need for the children to have further confidence regarding the information 

captured of the elderly, by either having a professional carer endorsing the 

information and/or “looking over the shoulder” of the system. This 

motivated an interview study involving 15 workers of Dutch and Belgian 

long term care facilities including nurses, care planners, and facility 

managers. These were mainly semi-structured interviews with the aim of 

understanding the views of care organizations regarding the Aurama 

awareness system and how it could relate to their activities. These interviews 

were conducted in groups of two to six workers lasting between one and 

three hours. 

The aim of a care facility is to deliver care services to its customers 

(elderly people) including: helping with activities of daily living such as 

dressing, washing, meals delivery, cleaning, etc.; providing prescribed 

medications on time; measuring vital signs (e.g., blood intake, pressure, 

weight); responding to emergency situations (skilled nurses and specialists 

are usually hired by the care facility); organizing social activities and social 

talks; evaluating care plans (twice a year per client); and advising to lower or 

increase the level of care (typically referred to geriatric support). 

Care facilities continuously seek for strategies to reduce their costs and 

making their care process as efficient as possible. For example, by splitting 

social services from the healthcare ones and hiring people with lower 

education for social talks with the elderly; cooperating with external service 

companies for catering and cleaning; calling skilled nurses only when a real 

problem occurs; and by using very limited off-the-shelf technology. In fact, 

regarding the latter, a recent report from the Dutch Healthcare Inspection 

agency (‘IGZ: Inspectie voor de Gezondheidszorg’, 2009), shows that the 

use of technology in the long term care facilities in the Netherlands is still 

very limited. They are mostly around emergency response systems, i.e. 

typically a button worn by the elder which can be pressed in an emergency 

situation, or an ‘all ok’ button placed in the homes of an elder which they 

need to press every single morning to reassure the care providers that 

everything is fine with them. According to care providers, it happens often 

that elderly press the emergency button to trigger some social talk with a 

nurse who rushes to call in or to visit the elder. Furthermore, in one of the 

care organizations, over 20% of elderly do not press the ‘all ok’ button in the 



55 

 

 

 

mornings causing unnecessary nurse visits and phone calls to the elder’s 

apartment. Typically those elderly either do not like to press such a button, 

or do not understand the meaning of it, or simply forget to press it. Although 

it is clear that technologies can help in the care process and increase the 

safety of clients, they cannot replace care providers. 

Care providers aim at increasing safety and quality of care and are more 

interested in emergency situations. With the increasing strain in the elderly 

care industry, they value the ability for elderly’s children to become more 

proactive in the care of their aging parent. Thus, reducing the load from 

formal care providers, and have the children focus on long term care and 

pattern changes. Furthermore, they foresee that Aurama could mitigate the 

isolation which is quite typical among elderly who live alone and at a 

distance from their children.  

Two types of awareness information were identified as useful to embed 

in Aurama: (1) notification of alerts of potential emergency situations to care 

providers and (2) early warning and preventive information based on long 

term trends for elderly’s children. The presentation of the awareness system 

should be different for each type of user. Care providers should be able to 

access the patterns and more detailed information via a web portal, while 

being notified of alerts via their current beeper or other mobile device. 

Children should get high-level information with some level of detail via the 

Aurama picture frame. Figure 3.5 shows an overview of the revised version 

of the Aurama awareness system.  
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3.2.2 On-Body vs. Multimodal Sensing 

To make the system less obtrusive for elderly, the presence detection 

mechanism using a wearable tag in a keychain was replaced with one based 

on sensors distributed in the physical environment but which do not require 

carrying a badge or other artefact. This is done by combining a switch sensor 
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on the door for recognizing “door open/close” events and one motion sensor 

in the inner space near the door (e.g., a hall or a living room) for recognizing 

“movement” near the door. This sensor is placed at a certain distance from 

the door allowing the time difference between “open/close door” events and 

“movement in room” events to be discriminative. This set-up allows 

counting time-stamped sequences and transition of events. A transition is a 

change of state of a sensor (e.g., from “no movement” to “movement”) and a 

timeout is a specified period of time that when elapsed it could conclude a 

particular situation like “person has left the apartment”: ‘in-home 

movement’  ‘door opened’  ‘door closed’  specified timeout. This 

multi-modal and distributed sensor set-up allows discriminating the 

following: a person opening the door and closing it but not leaving, a person 

moving near the door but not leaving, a person opening the door and closing 

it but not entering the apartment. Figure 3.6 shows a diagram of the new 

presence detection mechanism. 

 

Figure 3.6: Detecting home presence using distributed multimodal sensors. 

 

3.2.3 Revised and New Use Cases 

It was clear from the initial studies that the load sensors under the bed were 

not as unobtrusive as had been anticipated. Thus, similarly to presence 

detection, sleep patterns detection using load cells was replaced with 

distributed sensors in the bedroom that capture bed activity and are much 

easier to install: a motion sensor placed near the bed to capture bed activity 

and a second motion sensor placed near the door of the bedroom. This 
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combination allows the system to know whether the person enters or leaves 

the bedroom. 

Even though weight is an important wellbeing parameter for elderly, the 

added value did not justify the burden of installing the load sensors under the 

bed and the ensuing inconvenience of having them there, so they were 

removed. 

While presence detection and sleep patterns were revised, several new 

use cases were defined based  on the interviews with elderly’s children. For 

example, children are very interested in eating patterns and how active their 

parent is.  Detection of these is done using a minimum set of unobtrusive 

motion sensors distributed in different areas at home, such as: expanding 

presence detection to room occupancy (i.e., the amount of time spent in each 

area at home, and identifying patterns of these; Figure 3.7 shows a sample 

chart showing the average amount of time per area at home over a period of 

time.), and patterns of kitchen visits. In addition to these, it would be 

interesting to explore patterns of bathroom visits and falls in the bathroom 

(since most falls of elderly happen in the bathroom).  

3.2.4. A Back-End System 

A back-end system (as shown in Figure 3.5) was added and placed remotely 

from the elderly’s or child’s home to have full remote access for potential 

adjustments overcoming issues with closed ports and firewalls encountered 

during previous field trials. The back-end system also allows running more 

computationally intensive algorithms to reason upon long term trends to 

automatically identify changes in patterns. The back-end system offers as 

well a more controlled environment for data security, data archiving and 

load balancing. This architecture enables front-end devices like sensors, 

home hubs, and picture frames to be more “light-weight” and cheap.` 
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3.3 Implications for Ambient Intelligent Systems 
Several user studies (the short and long term field trials) have informed the 

iterative design of Aurama, and that helped evaluate the emerging user 

experience and the role this device can play for the elderly, their children 

and professional care givers. The trial deployments of different versions of 

Aurama support several conclusions regarding the role connectedness 

oriented awareness systems can play for connecting elderly living 

independently and their adult children. 

Pre and post calamity. Our participants considered the function of the 

system more appropriate for frailer elderly than those in our studies. This is 

consistent with Morris et al. (2003), who derived a model of actual (decline) 

vs. perceived functioning (denial) of elderly, as seen in Figure 2.8. Our data 

helps elaborate the awareness needs pertaining to different stages of the 

model. It is only after an event (e.g., a fall or hospitalization) that target 

users would perceive an awareness system to be useful; in this context the 

awareness of wellbeing becomes the primary goal. On the other hand, for 

those elderly who have not experienced such events, the primary goal of a 

system should be to provide new ways of communicating (e.g., easy text 

messages, video chat, or affective messages), and awareness of wellbeing to 

emerge as a by-product or a secondary benefit of using a system like 

Aurama.  

 

Figure 2.8: Model of actual (decline) vs. perceived (denial) functioning of elderly 

from Morris et al. (2003). 
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Awareness of what and for whom? Children want to be aware of changes 

they cannot grasp easily, looking at long term trends to intervene on time 

before an event occurs. They do not want to receive detailed information on 

mundane daily activities of their parents that have little affective or 

functional value; rather they wish to have just enough information to detect 

early and easily changes relevant to the wellbeing of their parent that can 

trigger them to call and find out more or even to intervene and help. The 

preferred purpose of an connectedness oriented awareness system is to 

trigger more contacts rather than replacing them.  

Both elders and their children prefer that physiological measurements 

(e.g., blood pressure, glucose levels) be sent to a doctor. The third generation 

of the Aurama system completed the care service by including formal care 

providers. Notifications of potential emergency situations such as potential 

falls or leaving home at abnormal hours will be sent to care providers, while 

still having access to the same long term trend information that the children 

have. Furthermore, the content and user interface has been tailored for each 

audience, e.g., ambient displays with high level awareness information for 

informal care givers and web portals with detailed awareness information for 

formal care providers. This involvement of care professionals was aimed at 

providing more confidence for target users and at increasing the acceptance 

of such systems. 

Positive and negative news. Typically, target users do not want to explicitly 

share negative news. In the field trials, both parties refrained from sending 

the cry emotion preferring to not explicitly provide awareness of negative 

feelings. However, when the system assessed bad nights of sleep and 

informed the family, it was perceived positively, given the reactions that 

they provoked. Elderly find it nice that children care for them and their 

family appreciate being involved in their wellbeing. 

Intertwining implicit with explicit awareness of wellbeing. While implicit 

awareness of presence and wellbeing can provide peace of mind, its 

combination with the explicit exchange of affective awareness can further 

foster reassurance and connectedness. We have seen the potential of this in 

the field trials, in for example conveying subtle messages that they are 

thinking about them, that everything is ok, and even requested to have more 

meaningful messages.  
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Allow for ‘symmetric sharing’. During the preliminary trials described in 

Chapter 2, the system was mainly one-way flow of awareness information 

(from elderly to child). This runs the risk of gaving a sense of a monitoring 

‘big brother’ system. Furthermore, the senior parents felt the system has 

more benefits for the children than for themselves and they would be 

interested to know how their children are doing. Having a two-way flow of 

awareness is essential for wider adoption and acceptance. This is also further 

noted by Jiang et al. (2002). Although awareness needs may be different 

between elderly and their children, there should be some symmetry on 

sharing awareness information. 

Multimodal sensing. Field trials have clearly shown the benefits for relying 

on multiple and diverse sensors for drawing conclusions on a particular 

status or event. Presence, for example, was initially relied on a single active 

RF tag, placed in a keychain, but showed how participants would not always 

carry this with them and thus triggering false alarms. Using a non-minimal 

set of sensors of different modalities distributed in the environment at 

strategic locations, it is possible to unobtrusively detect and reliably draw 

conclusions regarding the context of the elder, like their home presence 

status. 

3.4 Lessons Learned from Evaluating an Awareness 

System in Situ 
The experience in conducting long term field trials with the Aurama 

awareness system has helped outline certain lessons for deploying such 

systems in situ: 

Qualitative versus Quantitative methods.  The research field has paid a lot of 

attention to developing quantitative methods for evaluating the affective 

benefits and costs that accompany the use of systems like Aurama for 

informal communication with friends and family. Examples include the 

ABC questionnaire (Van Baren et al., 2003), the social connectedness 

questionnaire (Van Bel et al., 2009), to name a few. In cases where a 

complex and experimental installation is being evaluated ‘in the wild’, like 

in this study, such questionnaires have limited applicability. It is difficult to 

have large enough samples that would help identify statistically significant 

effects of introducing such a system into daily life. Testing for such long 

periods and in widely differing social and physical contexts, means that it 

would be impossible to attribute effects found to system use only: too many 
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confounding variables prevent us from doing so. In this case, questionnaires 

can be used to provide some indicative quantification only and as interview 

guides for qualitative data collection, which was shown to be a better 

approach in the second set of field trials. 

Moving from structured sampling to experience-based sampling. While the 

results of the trials are predominantly based on qualitative feedback, the 

information gained could be even richer if such feedback would be probed 

throughout the study rather than at a few selected moments as we did in this 

study. Collecting data close to the moment of a particular experience and in 

the context where this experience concerns underpins the use of diary 

methods (Rieman, 1993) or experience sampling methods, see for example 

(Khan et al., 2008) where a variant of experience sampling was used to study 

awareness needs between family members. However, such methods 

requiring regular reporting can put an excessive workload on participants 

also requiring them to use an application (the diary or experience sampling 

application) that can be more complex and more privacy threatening than the 

awareness system that is being evaluated.  

To address this limitation, one could choose to have interventions 

during the study period, triggered by the sensed data. For example, if the 

elder has not slept well a particular night, at least following the indications 

obtained from the awareness system, this can be used by the researcher to 

trigger a telephone interview to both parent and child, or to trigger an 

interview through some other appropriate means (e.g., face to face for the 

elder, or instant messaging for the young adult). Such interventions can 

provide much richer data than an interview post-hoc at the end of a study 

phase, with the obvious downside of influencing the experience studied. 

While giving up aspirations to study experiences ‘as they are’ such an 

intervention driven approach can potentially provide more insight and more 

directed feedback regarding system behavior. 

Deploying in phases. Unexpected technical challenges influence the 

feedback of the system. Having a research prototype deployed in the field 

makes it hard to avoid glitches that will require either temporarily (typically 

a couple of days) stopping the system operation while trying to fix the 

problem, or having to visit the participants home more than the planned and 

agreed upon number of times (sometimes several times a week), to either 

tweak the system and debug in situ. Field deployments of this kind can 
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benefit by systematically planning the following three phases, and doing 

‘gating’ to control transitions from one phase to the next: a) install sensors 

and gather data for some time till the system stabilizes and there is 

confidence regarding the collection of baseline data, b) the adaptive phase 

where algorithms and sensors are adjusted to deliver the required level of 

functionality and service in the installation context, and c) the deployment 

phase where the participants use and experience the system. This stepwise 

deployment approach was adopted for evaluating the second and third 

generations of the Aurama system, resulting in a more predictable and less 

burdensome deployment than for the first generation, where this phasing and 

checks had not been foreseen. 

Aesthetically blending into the environment. One of the main aims of the 

system is to be as unobtrusive as possible. However, the prototype system 

caused some disturbances to participants that at times distracted them from 

assessing the value of the actual concept. Some examples were the load cells 

causing their bed to be a few centimeters higher, not being able to clean or 

vacuum properly under the bed due to the set-up, or in some environments 

the light aura on the frame was too bright. In short, aesthetics play a role too 

not only for products but for the smooth execution of a field deployment. For 

example, participants found the frame too big for their living rooms and 

were reluctant to place it at a place congruent with the design motivation of 

the research team. Although building a prototype system that is close to the 

desired end product is not always easy, it is important to mitigate any 

disturbances as much as possible and make it blend into their deployment 

environment in order to allow researchers to gauge the resulting user 

experience and to obtain relevant feedback regarding the role and value of 

such systems. 

3.5 Conclusions 
This chapter has presented the new design and evaluation of the Aurama 

awareness system to further support the lone elder and remote child. The 

new Aurama awareness system offers a bi-directional flow of awareness 

information and adds the option of sharing explicitly emotional information 

to both parties in a playful manner. The original Aurama awareness system 

as described in Chapter 2 went through two more iterations of development 

and testing. The length of field deployments was increased to two extensive 

four-to-six month’s long field trials. 
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These new trials have confirmed and increased our confidence and 

understanding regarding the benefit of such applications. Most important, 

connectedness oriented awareness systems are not seen as a new 

“Panopticon” that lets one monitor the mundane activities of the other 

unobserved. Rather they are put forward as a compliment to other means of 

communication and social contact, they need to be designed to be embedded 

in such daily informal and playful communication activities, while at the 

same time providing an opportunity to   uncover latent problems and long 

term trends, bringing objective measurement to complement personal 

impressions and, where necessary, putting professional experts in the loop.  

The third generation of Aurama has been implemented and described in 

this chapter. It includes care providers and makes the system less obtrusive 

covering a wider set of use cases based on the lessons learned from the 

initial studies and trials.  
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4  
Matching Contextual 

Similarities for Empty 

Nesters and their Children 

In the past decade a growing number of investigations have examined the 

theme of connectedness oriented communication that is intended to support 

and enhance social relationships among people by fostering a sense of 

awareness among them (Kuwabara et al., 2002). For example, the Digital 

Family Portrait (Mynatt et al., 2001) was aimed at providing peace of mind 

to users by informing about the wellbeing of a remote elderly parent living 

alone, the DIARIST (Metaxas et al., 2007) examined how context sensing 

can help populate an activity monitoring display regarding the activities of 
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daily life of a lone elderly parent, aiming for peace of mind and reassurance 

for both parties. 

The motivation behind the design of connectedness oriented awareness 

systems like those mentioned, has often been to mitigate challenges caused 

by aging, to give reassurance, to provide care remotely, etc.  For elderly who 

are still active and able other scenarios appear more relevant, e.g., awareness 

can enhance and enrich inter-generational communications. For example, the 

ASTRA system (Van Baren et al., 2004) was designed to support awareness 

of daily life experiences for distributed families to enhance connectedness. 

The Casablanca project (Hindus et al., 2001) proposed the Intentional 

Presence Lamp, a device through which two remote users could indicate to 

each other their presence at home, to foster feelings of being together.  Dey 

et al. (2006) showed how ambient presence displays provide significantly 

better awareness of and enhance social connectedness to a loved one, than a 

traditional graphical display. Other systems support remote couples by 

sharing ‘empty moments’ in daily life (Lottridge et al., 2009). Similar to 

ASTRA, the Wayve (Lindley et al., 2009) system supports posting pictures 

and hand-written notes across homes; a three month deployment illustrated 

how lightweight communication could enhance traditional communication 

patterns, emphasizing the value of asynchronous and glanceable displays. 

Numerous other works have explored the communication needs of older 

people (Lindley et al., 2008; Lindley et al., 2009; Dickinson and Hill, 2007) 

and ways to improve cross-generational communication, e.g., between 

grandparents and their grandchildren (Vetere et al., 2009).  

To different extents, these and related studies have repeatedly 

illustrated the asymmetrical nature of intergenerational relationships, a point 

elaborated by Lindley et al. (2009). A particularly challenging case is that of 

empty nesters, i.e. parents of young adults who have recently moved out of 

home.  For this group, even more than others, a fine balance needs to be 

struck between staying aware and connected to children and leaving them 

enough autonomy and privacy. Perhaps for this reason there is a scarcity of 

research studies that aimed at addressing their needs. A rare example 

targeting empty nesters is the Gust Bowl concept by Keller et al. (2004), 

which is a bowl with a fish-eye camera that takes pictures of objects that are 

placed in it and sends them to a remote bowl. A field trial of Gust Bowl 

demonstrated the value of sharing daily rituals between parents and their 

children.  
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The system we developed as described in this chapter is an extension of 

the Aurama system, displaying at a glance information collected with a 

context sensing infrastructure at the remote location via illuminated auras 

around a digital picture frame. Extensive field tests with Aurama have 

shown how it can aid connected individuals feel connected and provide them 

with a peace of mind. 

To address the needs of empty nesters, the context sensing component 

of Aurama is enhanced in order to detect similarity and notify remote 

participants of when they are engaged in similar activities. In this chapter we 

motivate this design concept based on an initial cultural probes study, and go 

on to verify experimentally that similarity matching can provide the intended 

affective benefits to empty nesters and their children. Finally we 

demonstrate the technical feasibility of this concept describing an 

implementation that relies on audio and video scene analysis to recognize 

activities at two connected locations. 

4.1 Communication Needs of Empty Nesters 
It is well known that humans have a pervasive and fundamental need to 

belong. The fulfillment of this need entails having frequent and intimate 

interactions within long term caring relationships (Baumeister and Leary, 

1995). It is often part of life that parents have to let go of their children when 

they move out of the house. Family members often struggle to stay 

connected and might lose touch with each other or at least experience an 

emotional distance, a loss of involvement and warmth: While they can share 

news with communication media and social networks, the distance that 

separates them makes it harder to share moments and experiences. Empty 

nesters and their children are good examples of such a group. Despite the 

drastic changes in lifestyle for both parties, they still have a deep need to 

stay in touch. To gather deeper insights and build up an empathic 

understanding with this target user group, a context mapping study with 3 

sets of 2 parents and 1 child, and another set of 2 parents and their 2 children 

(total of eight empty nesters and five children, N=13 adapting the culture 

probe approach as introduced by Gaver et al. (1999). All offspring (aged 21 

to 24 years) had already left their homes at the time of the study, four of 

them living at distances from 40 to 130 km from their parents within the 

same country, and one living in a different country (860 km away).  
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Figure 4.1: A probe package consisted of a booklet containing several tasks 

participants had to complete daily related to communication, staying in touch, 

preferences, etc. 

4.1.1 Cultural Probes Study 

Participants were sensitized by means of a probe package to become more 

aware of their latent feelings and needs. This consisted of a booklet 

containing several assignments they had to complete daily to make them 

more aware of their habits and preferences about staying in touch with each 

other, how they feel about living in an ‘empty nest’ or on their own. Figure 

4.1 shows snapshots of this booklet. The study focused on three aspects for 

which the booklet was designed for: (1) examining how empty nesters and 

their children share information, why they share such information, and what 

means they use to achieve this; (2) why empty nesters and their children 

contact each other, when and what means they use for contacting each other, 
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and the content of the contact, and (3) what type of activities empty nesters 

and their children like to do together and why. Typical tasks included: filling 

out a form about types of contact and frequency, depict their family 

members, the types of activities they want to do with different family 

members, etc. The cultural probe, which was filled by all participants, 

helped in sensitizing the participants for the follow-up interviews. 

Participants were asked to complete the booklet daily for 1 week after which 

an interview took place initially with both parent and child co-present, 

followed by individual interviews to allow for divergent opinions. Interviews 

were audio recorded and transcribed. 

4.1.2 Results 

The interview data was analyzed inductively using thematic analysis (Braun 

and Clarke, 2006), which led to a number of insights concerning staying in 

touch and being informed about each other: 

No More Phone Calls Cut Short. Empty nesters feel tempted to call their 

child many times, but it often happens that they call at the wrong moment 

and their conversation is cut short. Even though they understand the reasons, 

it leaves them with an unpleasant feeling. Children, on the other hand, feel 

guilty they have to tell their parent they cannot talk. Previous studies (Brown 

et al., 2007; Khan and Markopoulos, 2009) on interfamily communication 

have shown that awareness of availability is an important user need that 

connectedness oriented awareness systems can satisfy. 

Bonding, not Attaching. Parents sometimes fear that they will gradually lose 

their bond with their child over time. However, they fear being perceived as 

checking up on them. Empty nesters want to maintain the bond with their 

child, while supporting their freedom and independence. This is also found 

in context of young parents and their also young children; they wish to avoid 

controlling their children excessively (Khan and Markopoulos, 2009). In the 

case of elderly and their children (Mynatt et al., 2001), it is the children who 

want to be involved in their parent’s wellbeing without been perceived as 

controlling them. This was well reflected with the Aurama awareness system 

in Chapters 2 and 3. 

Sharing Daily Events. One of the aspects that both parents and children miss 

the most is sharing moments together. Many participants stated that dinner 

time used to be a family gathering where they would share daily events, but 
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since the children moved out, they miss these moments of being together. 

This need to share experiences has been addressed in designs for remote 

couples (Lottridge et al., 2009) or across households like the ASTRA system 

(Van Baren et al., 2004). Contrary to those and other systems of this ilk, our 

focus here is on synchronous communication, which allows communicators 

to share experiences as they occur. In fact, an important challenge that 

relates to synchronous communication is the difficulty of both parties being 

available and receptive to communication at the same time.  

Still Part of Your Life. In many families, when the children grow up, they 

build a special bond with one of their parents, whom they would share daily 

joys and sorrows. However, when children move out, they are no longer 

keen on sharing those stories and feelings, while for the parent remains as 

important to still be their child’s bosom buddy. Empty nesters want to 

remain close enough to their children so that whenever they are confronted 

with a problem, they could seek their parents for advice. This insight does 

not seem to have been reported in prior work. A similar situation occurs in 

the case of elderly and their children, where elderly want their children to 

care for them while not putting a burden on them, but children want to know 

how their parent is doing without invading their privacy.  

‘Seeing’ is Believing. When the child still lives at home, the parents can 

ascertain whether their child is safe and happy. This is much harder once the 

child moves away. Parents still want to know if their child is well and happy. 

Although they know they should not constantly ask them if they eat well, if 

they are alright, etc., they often feel compelled to do so, which leads to 

undesired outcomes, e.g., unfriendly replies by the child, calls cut short, etc. 

Parents wish they could be updated on their children’s general wellbeing and 

convince themselves that they can be independent. This could be translated 

to the case of elderly who live in denial as shown by (Morris et al., 2003; 

Metaxas et al., 2007; Dadlani et al., 2010). These elderly maintain a façade 

towards their distant caregivers that they are fine when they may actually not 

be. In that case, it is their children who need to ‘see to believe’.  

Little Greetings. Many times empty nesters and their children miss small 

moments of contact like a kiss to say good night or a simple ‘good morning’. 

These messages are typically too short and fragile to call or send a text 

message. Even though they can contact each other, they miss the spontaneity 

of those ‘little moments’ of ‘social touch’. This is in line with Baumeister et 
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al. (1995) stating that people in long-distance relationships have reported 

they miss smalltalk over trivial matters. LumiTouch (Chang et al., 2001) is 

an example of a design concept intended for sending such lightweight 

messages. It is a system from the MIT media lab consisting of a pair of 

photo frames that interact with each other. When a person touches the frame, 

the other frame lights up with the aim of enhancing social connectedness. In 

the second generation of the Aurama system, the exchange of lightweight 

messages was enabled by the interactive photo frame jewelry to convey 

small tokens of affection and meaningful messages. 

Regular Contacts. Children usually have regular contacts with their parents 

after they move out, but at times they become occupied with their studies or 

work, and have no time to call. During those times parents typically cannot 

stop worrying and wish there was a way their child could let them know that 

all is fine. A similar situation holds for elderly and caregivers (Mynatt et al., 

2001; Aurama awareness system), where elderly do not want to put a burden 

on their children, especially if they are busy. 

4.2 Design Concept: Similarity Awareness 
Earlier research has explored the potential of domestic media spaces 

providing almost permanent connections between households. Such audio-

video links are valued for connecting friends and families, especially when 

connected individuals engage in a shared activity, like watching the same 

soccer match at one time (Huijnen et al., 2004). A clear affective benefit that 

such connections can provide is social presence, defined as the degree of 

salience of the other person in the interaction and the consequent salience of 

the inter-personal relationship (Short et al., 1976). Another benefit found in 

Short et al. (1976) relates to how connected individuals feel that they form a 

group (group attraction). On the down-side, a synchronous connection can 

be useful for a brief while but the effort required presents a threshold for its 

frequent and casual use and a permanent connection of that type can be 

experienced as monitoring, something our target group was keen to avoid.  

The concept of similarity awareness was proposed where context 

sensing technology is used to help a) identify moments when connected 

parties are engaged in similar activities, and b) do so only for selected types 

of activity that do not compromise the autonomy and privacy of the 

connected parties. 
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We explored the design space of matching contextual similarities to 

address needs of sharing daily events or rituals for staying in touch as 

described above, where ambient technologies can play an important role to 

support connectedness between empty nesters and their children. Among 

numerous possibilities that were considered (e.g. conveying activity 

information to each party, exchange of lightweight messages, matching 

contextual similarities, capturing and conveying patterns of specific 

activities, like in the case of elderly and their children) the idea of similarity 

matching based on activity recognition appeared as a promising way to 

connect empty nesters and the children, a concept we call the MatchMaker. 

For example, as shown in Figure 4.2, if both parties are having a meal, the 

light-emitting Aurama photo frame glows indicating that both are engaged in 

the same activity. This could trigger parents and children to share daily 

moments together and even promote interaction. These notifications could 

potentially trigger phone calls and promote regular contacts at the right 

moments. Similarity awareness can be symmetrical countering the inequality 

between the two individuals, or it can help infer availability for 

communication, while it appears to pose a minimal burden for consulting the 

information about the remote party or conversely for updating one’s own 

information for the remote audience. 

 

Figure 4.2: MatchMaker detects contextual similarities between two remote sites 

(e.g., both parties are having a meal) and renders similarity awareness via Aurama. 
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4.2.1 Psychological Rationale of the Similarity Awareness 

There is substantial evidence that humans unconsciously mimic many 

behaviors of the people around them. People imitate others, conforming to 

social pressure and thus feeling at ease (Asch, 1946). Consequently, there is 

an increasing empathy, liking and rapport towards the mimicker (Chartrand 

and Bargh, 1999). In fact, it has been shown that mimicry functions as social 

glue, holding a group of people together, and increases prosocial behavior, 

suggesting that it helps strengthen social bonds (Van Baaren et al., 2004). It 

has also been shown that when people share a similarity, they experience 

positive feelings of attraction and compliance (Burger et al., 2004). 

Furthermore, when the similarities are incidental, they create an association 

between two people, also known as unit relationship, which leads to a further 

increase in attraction and compliance (Heider, 1958).  

These psychological processes suggest that there is a design opportunity 

to support empty nesters and their children to share moments together and 

stay connected by rendering contextual similarities using an ambient 

intelligent system, and based on these, prompt communication at the right 

time. 

4.2.2. Related Work 

Huijnen et al. (2004) have shown an increase of group attraction and social 

presence resulting from awareness of remote friends that share an activity. 

However, in their study awareness was rendered constantly, and the impact 

of incidental similarities that participants would become aware of during the 

experimental session, could not be isolated.  

The concept of presenting connected parties with a notification that they 

are engaged in similar activities has been considered by some design 

projects in the past. For example, SynchroMate (Gibbs et al., 2005) notifies a 

person when someone is composing a message for them, allowing the person 

to start composing a message too, such that both will receive a message 

round about at the same time, supporting a ‘staged’ serendipity. SyncDecor 

(Tsujita et al., 2008) pairs appliances and allows them to synchronize and 

provide awareness of the remote partner. For example, with a pair of 

connected lamps, if one switches the light on, the remote one synchronizes. 

Their field trials showed that users could feel the daily activities of their 

loved one, and are able to convey simple messages. Finally, Digital Selves 

(Grivas, 2006) give an indication to remote partners about their activity and 
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presence by means of LED objects placed at strategic locations around the 

house based on a virtual overlap of both homes. A field trial of this system 

demonstrated that these objects resulted in a sense of sharing a common 

intimate space and an increase in companionship. 

Popular systems that use similarity matching are dating websites and 

social networks. These however are not connectedness oriented awareness 

systems as such, they are static, non-context sensitive, matching predefined 

profiles of (typically) unknown users in order to attempt to make people feel 

socially connected. The mobile arena has been exploring similarity matching 

of user profiles of mobile phone users who are unknown to and in close 

proximity with each other, to prompt interaction (Eagle and Pentland, 2005).  

These design works illustrate the general appeal towards users to be 

informed of similarities of others. Nevertheless, there has not been to this 

point any empirical validation regarding the expected affective benefits 

when this is used in the context of an awareness system supporting intra-

family communication. With MatchMaker we explore whether similarity 

awareness can be supported by means of activity recognition of remote 

connected people and rendering using an ambient device, with the aim to 

highlight coincidences and thus enhance social connectedness. Our 

experimental study provides a first experimental validation of this design 

rationale. 

4.3 Evaluation 
Several psychological constructs have been proposed to characterize the 

affective experience of mediated communication. Traditionally, 

communication researchers have assumed as the purpose of their systems to 

bridge physical distance emulating as far as possible physical co-presence of 

connected parties; this sensation has been described as the concept of social 

presence introduced by Short et al. (1976) and which is often used as a 

criterion for the evaluation of the effectiveness of a communication system 

(see for example Huijnen et al. (2004)). While the specific system is not 

designed in order to enhance social presence as such, its synchronous nature 

prompts the question whether participants do experience the social presence 

of remote parties. Then this social presence is achieved in a minimal 

bandwidth (simply the notification of coincidence of activities), but the 

notification is potentially meaningful and relevant to the user.  
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Markopoulos et al. (2004) and Romero et al. (2007) attempted to 

explicate the affective benefits and costs of connectedness oriented 

communication and proposed related questionnaires to measure these, e.g., 

(IJsselsteijn et al., 2009; Yarosh and Markopoulos, 2010). Van Bel et al. 

(2009) developed and validated the concept of social connectedness further 

relating the notion of social connectedness to the fundamental human need 

for belongingness (Baumeister and Leary, 1995) and proposed a special 

purpose questionnaire for its assessment. An experiment was designed to 

evaluate whether similarity awareness can increase social connectedness and 

social presence. Clearly rich synchronous communication as for example 

video links can enhance connectedness (as also shown by Huijnen et al. 

(2004)). However, a minimal and abstract notification regarding similarity 

should not be expected to enhance social presence. Our hypothesis is that it 

should increase social connectedness.  

An experimental evaluation of MatchMaker was conducted in a home 

simulation laboratory, with the aim to provide evidence that similarity 

awareness can enhance connectedness. To ensure that we evaluate the 

potential of similarity awareness rather than effects introduced by the 

variability of contexts, the accuracy of activity recognition, or simply 

incidental events that occur in a field trial, a Wizard of Oz method (Kelley, 

1984) was used in a fully controlled experimental setting. 

4.3.1 Research Hypotheses 

The following hypotheses were formulated: (1) awareness of contextual 

similarities between two remote parties enhances social connectedness and 

feelings of social presence, and (2) a higher amount of similarity awareness 

leads to higher social connectedness and stronger feelings of social presence. 

4.3.2 Experimental Design 

A 2x2 mixed experiment design was set-up as summarized in Table 1. The 

between subjects variable pertained to the group, each group ostensibly 

experiencing a different similarity level (either 15% or 50%). The within 

subject variable pertained to the presence or absence of similarity awareness 

cues: so the comparison of the treatment condition (exposure to similarity 

awareness cues) to a baseline (no cues or zero similarity).  .More specifically 

in the control condition the subject would carry out a list of activities 

knowing that the other party is engaged in some activities, without receiving 

any awareness information and without using Aurama. In the treatment 



78 

 

 N=20 

Control  0% 

Treatment 2 50% 

 

 N=26 

Control  0% 

Treatment 1 15% 

 

Storing the 

groceries    

(3 mins) 

Prepare 

a drink  

 

(2 mins) 

Prepare a meal (choice 

of pasta, eggs/cheese 

sandwich, soup)           

(8 mins) 

Eat the 

meal  

 

(7 mins) 

Wash the 

dishes  

 

(3 mins) 

Clean or 

vacuum the 

kitchen  

(2 mins) 

T1 

T2 

conditions the subject would carry out the same list of activities while 

presented with notifications of when both parties are engaged in the same 

activity at the same time. Since subjects would have a limited amount of 

time per condition,  the percentages of 15% and 50% of the time were 

chosen such that awareness of similar instances is well distributed across the 

activities and long enough to be perceived (see Figure 4.3). 

 

 

 

 

Table 4.1: Experiment design: (control) no awareness information, and (treatment) 

similarity awareness for 15% or 50% of the time. 

 

 

 

 

Figure 4.3: Similarity awareness (shaded) for each treatment type: 15% of the time 

(T1) and 50% of the time (T2). 

4.3.3 Participants 

Two pilot runs with two pairs of known confederates were conducted with 

the aim of validating the experiment protocol. Based on the pilot runs, some 

of the timings were adjusted (resulting in the ones shown in Figure 4.3). We 

then invited 23 pairs of empty nesters (age: 45-63, M = 54.3) and their 

children (age: 20-31, M = 24.1) to take part in the study (N=46). Each 

session with each parent-child pair took about 2.5 hours to complete. 

4.3.4 Procedure 

One parent and one of their children participated in each session. They were 

placed in two separate ‘home labs’; these are laboratory rooms equipped 

with observation facilities but have the appearance of common home 

environments: the ‘home lab’ for the parent and the ‘apartment lab’ for the 

child. Neither were they aware of this nor of what the other confederate was 
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doing. Figure 4.4 shows a snapshot of a session showing both subjects 

cooking and the glowing Aurama photo frame rendering a similarity. 

    

Figure 4.4: The home lab for the empty nester (left) and the apartment lab for the 

child (right). Both are cooking and their glowing Aurama picture frame renders 

similarity awareness. 

Each subject was asked to perform a list of activities over a period of 25 

minutes, twice: control and treatment, respectively. During each time, an 

ambient sound (a bird singing for a few seconds) indicated the subject to 

switch to the next activity. Participants were doing representative household 

tasks in a representative home-like environment. The activities were related 

to a ‘complete’ meal experience. Subjects would come at lunch or dinner 

time and have a meal that they could prepare themselves using a bag of 

groceries that was provided to them. Figure 4.3 shows for each treatment the 

time distribution of activities and the rendering of similarity awareness. All 

subjects started with the control condition (no awareness information) 

followed by a treatment condition (15% or 50% of similarity awareness). 

Similarity awareness would be announced via light on the Aurama picture 

frame (Figure 4.4) that was placed in the kitchen visible to subjects in both 

conditions, and displayed a picture that was unfamiliar to the subject. The 

picture frame was programmed to render similarity awareness according to 

the distribution in Figure 4.3, but all participants were under the impression 

that real activity matching was taking place. This ensured that all 

participants experienced the same amount of similarity awareness and 

rendered at the same timings, allowing us to make fair comparisons between 

different conditions. The MatchMaker system was only introduced after the 

control condition by explaining participants that their remote party (their 

parent or their child) will also be engaged in household activities and the 
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Aurama picture frame will glow whenever both parties are engaged in a 

similar activity. Having fixed times for each activity was aimed at ensuring 

that all subjects would have similar experiences and thus allow fair 

comparisons to be made. Since the meal ingredients provided were based on 

pre-cooked pastas with bottled pasta sauces, it was possible to keep it within 

an 8 minute cooking period. 

4.3.5. Measures 

Several measures were taken after each (control and treatment) condition 

during the experiment. To control for boredom of doing the same set of 

activities twice, participants were asked to rate their enjoyment experienced 

using the fun/enjoyment dimension from the Intrinsic Motivational 

Inventory (IMI) questionnaire (McAuley and Duncan, 1989). This includes 5 

items, (e.g., ‘this was fun to do’), with a 7-point Likert scale ranging from 1 

(not at all true) to 7 (very true).  

We measured differences in social connected-ness using the ‘Inclusion of 

Other in the Self’ (IOS) scale (Aron et al., 1992) (Appendix B) and the 

Social Connectedness Questionnaire (individual level) (SCQ-I) (Van Bel et 

al., 2009) (Appendix C). The IOS scale is a 7-point graphical depiction of 

how close someone feels with another person by means of two circles 

overlapping with each other; thus, the more they overlap the closer they feel 

with each other. The SCQ-I is an 18-item (7-point agree-disagree scale) 

questionnaire grouped in five dimensions, and validated in a survey study 

(N=174). From the SCQ-I, the following three dimensions were used: 

 Relationship salience. This involves experiences in which people are 

reminded of their social relationships. It includes items such as ‘I am 

often aware of my relationship with X’ or ‘I often think of X’. 

 Shared understandings. This includes items such as ‘I feel on the 

same wavelength with X’ and ‘I feel I have lot in common with X’. 

 Knowing about each other’s thoughts and feelings. This includes 

items such as ‘I often know what X feels’ or ‘I sense that X often 

knows what I feel’. 

The Social Presence Questionnaire (SPQ) (De Greef and IJsselsteijn, 

2001) (Appendix D) was used to measure differences in feelings of social 

presence, from which nine subjective attitude statements were selected (e.g., 
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the extent to which they were aware of the presence of their loved one), and 

were measured using a 7-point agree-disagree scale. 

4.3.6. Results 

Dyadic interdependence. Since subjects came together in pairs (empty nester 

and child) to the experiment, we checked whether their responses were 

interdependent. For this, we calculated the intraclass correlations for each 

dependent variable between the responses of the parent and their child. 

These intraclass correlations were not significant (p > .05), implying that the 

statistical analyses could be performed without correcting for dyadic 

interdependence. 

Fun and Enjoyment. Results from the fun and enjoyment scale (from which 

its items showed a reliability of Cronbach's α = .806) showed that 

participants had more fun in the treatment condition (M = 5.4, SD = .2) 

compared to the control condition (M = 4.9, SD = .2), F(1,42) = 17.0, p < 

.001. Results did not show, however, any significant effects of the amount of 

similarity awareness (treatment type). Thus, participants did not get bored 

doing the same activities twice but rather enjoyed the added value of 

experiencing coincidental similarities. 

Social Connectedness. Relating to our first hypothesis, the awareness of 

matching contextual similarities in terms of the activities that empty nesters 

and their children were engaged with, gave a sense of connectedness for 

both parties. In fact, all dimensions measuring social connectedness showed 

significant differences between control and treatment (awareness of a 

matching contextual similarity): IOS scale F(1,42) = 45.7, p < .001, salience 

of the relationship F(1,42) = 52.7, p < .001 (Cronbach's α = .872), shared 

understandings F(1,42) = 13.79, p < .001 (Cronbach's α = .873), and 

knowledge of thoughts and feelings F(1,42) = 42.0, p < .001 (Cronbach's α = 

.922). Figure 4.5 illustrates the estimated marginal means for each 

dimension and the effects of treatment type. On the other hand, with respect 

to our second hypothesis, there was no significant difference between the 

amount of similarity awareness that was rendered, i.e., 15% or 50% of the 

time (p > .05). 

Social Presence. The within-subjects effect for social presence showed a 

significant difference between control and treatment F(1,42) = 42.0, p < .001 

(Cronbach's α = .854). Figure 4.6 illustrates the difference and the effect of 
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treatment type. There was no significant difference in experienced social 

presence between the low (15%) and high (50%) amount of similarity 

awareness. 

 

 

Figure 4.5: Estimated marginal means and effects of treatment type on the social 

connectedness dimensions, clockwise from top-left: Inclusion of Other in Self 

(IOS), Salience of relationship, Shared understandings, and Knowing each other’s 

thoughts and feelings. 
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Figure 4.6: Estimated marginal means and effects of treatment type on social 

presence. 

4.4 Qualitative Interviews 
To further understand the needs of empty nesters and their children, semi-

structured qualitative interviews were conducted individually (parent and 

child separately) with all the same participants (N=46) after the experiment. 

4.4.1 Research Questions 

In addition to gathering their impressions of the MatchMaker system and 

their experience in the experiment, the following questions were addressed 

qualitatively during the post-session interviews: (1) at what granularity 

should similarity matching take place and what are the implications of these 

similarities for them?, (2) what are the effects upon privacy of similarity 

awareness and what kind of control should be offered?, and (3) what are the 

preferences of parents and children to indicate and obtain availability 

awareness? Furthermore, MatchMaker was discussed not only for matching 

activities, but also to gather their impressions on similarity awareness for 

both parties. 

4.4.2 Results 

The qualitative data suggests that MatchMaker triggered participants to think 

more about their loved one and made them feel closer to them. Some felt it 

was a personal and emotional experience, e.g., “like father like son” or “it 

feels like you are doing it together”. All participants expressed they felt 

more connected with each other during the treatment condition, not only 

because they received awareness of what the other person is doing, but 
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mainly because both were engaged in the same activity at the same time. 

Some even claimed to have ‘more contact’ with the other.  

To Match or Not To Match. Reflecting on the type of activities that parents 

and children want to match, there is consensus that social types of activities 

are highly desired for matching, such as watching TV (or the same program), 

cooking, eating, and drinking coffee, where cooking and eating were the 

most popular ones. This resonates with our earlier finding “dinner used to be 

a moment where we would share our daily events”. Cooking is popular, 

especially for children because they can ask recipe questions or get inspired: 

“I can ask her what she is cooking so that I can cook the same”. A couple of 

participants had a preference for matching house chores like laundry, 

cleaning and vacuuming, so that these typical boring activities become more 

fun to do. Some children want to be informed when both use the PC with the 

intention of using an online tool to interact. Besides bathroom and 

relationship related activities, there was no clear consensus on what 

activities they would not want to match. 

Curiosity. MatchMaker increased curiosity among participants. There was an 

apparent inclination to know more details whenever a match was 

experienced. For example, they are both cooking and they would like to 

know what the other is cooking. An interesting detail that was constantly 

requested was the time span of the activities when they were matched, i.e., 

did the other person just start to cook, is in the middle of it, or is about to 

finish? Or did the match stop because they switched activities? They were 

curious to know if the other person is still involved in the previously 

matched activity or not. Some were even curious to know what their next 

activity would be so that they could be ‘in sync’: “I didn’t know when she 

would start to eat. I wished I could have asked her ‘are you drinking 

something?’ so I tried to drink something and she wasn’t”. Curiosity was 

also triggered during dissimilar situations wondering what the other could be 

doing, and in some triggering the desire to call and ask. 

From Awareness to Direct Communication. Nearly all participants liked the 

concept of being able to talk to their loved one during a match, e.g., if both 

were cooking or eating at the same time and a match is rendered, a 

communication link would be initiated. However, it should be them 

initiating a call, rather than the system calling automatically. Parents and 

children mentioned they would initiate a call but not all the time, and not for 
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any kind of match. For example, they would not initiate it if they knew the 

other party was busy or if they were not in the mood, or children would 

initiate a call while they are both cooking so that they could ask cooking 

questions, or parents would want to have a meal together with their remote 

child and discuss their daily events. It was usually their curiosity, triggered 

by MatchMaker, which made them feel they wanted to talk to each other. 

This feeling was further evoked by the spontaneity of the match. 

Furthermore, many subjects, especially parents, want to be able to send 

lightweight messages, emotions and the like, with light patterns via the 

Aurama photo frame (Dadlani et al., 2011), and especially during a match. 

There was also a wish to talk or see each other through the frame during a 

match. 

Availability Awareness. Subjects were asked how they currently judge in 

their daily life if the other is available to communicate or not. Although most 

of the time they would ‘poll’ for availability (i.e., ‘just call and see’), many 

have some prior knowledge by either guessing based on roughly known 

schedules (e.g., ‘probably at work’, ‘watching the news’ or ‘sleeping-in 

during the weekend’) or have a pre-agreed schedule to contact each other. 

Many participants use online tools to assess their availability before giving a 

call, or use SMS. Children for example, are already actively using 

WhatsApp, Skype, etc. 

The initial insight of ‘no more calls cut short’ resonated more with the 

children than with their parents. Parents fear of interrupting their child, and 

would find it occasionally annoying if the call is cut short, but the children 

would often feel guilty when they need to cut the call short. 

Persistent Awareness Information. The children find the concept of 

capturing and sharing availability awareness more valuable than their 

parents. Many parents find the MatchMaker concept unnecessary, or too 

impersonal. Instead, some parents prefer to know whether their child is 

present at home or not, without further details, and thus to judge availability 

by polling.  

Having persistent information was seen as more convenient and 

practical: you will not call if the other party is busy. Several children 

appreciated this because they do not have to say ‘call me later’ themselves 

and feel guilty. Some participants also liked the ambient display concept 
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because it would behave like a photo frame standing in the background 

providing awareness information, which appeared friendlier to them. This 

corroborates on the advantages of non-committal lightweight 

communication initiation procedures (Nardi et al., 2000).  

Obligations and Expectations. Awareness systems come with several 

‘affective costs’ that users would have to bear to be able to enjoy the benefits 

of these systems (Van Baren et al., 2004). Obligations and expectations are 

common tolls in these systems and participants were asked explicitly to 

elaborate on their perceptions of these with the MatchMaker. Although they 

feel better connected and enjoy the common experience with the awareness 

of a contextual similarity, many participants (mostly children) raised 

concerns of feeling obliged to communicate or interact with the other. 

However, this is not necessarily considered negative, but rather a positive 

opportunity to trigger them to communicate. 

Typical concerns are, for example, if both parties are watching TV and 

are informed about it, while the child is expected by the parents to be 

studying, or if no conversation is initiated during a match, explanations may 

need to be given later. Some children said that if there was a match and they 

did not feel like talking, they would move quickly to doing something else. 

To avoid obliging situations, parents and children want the ability to 

temporarily switch the MatchMaker system off or adjust matching 

preferences, giving them full control of when and what type of matches they 

want to experience.  

Privacy and Control: Abstracting Awareness Information. Privacy is 

typically a key issue with connectedness oriented awareness systems and this 

was a central topic of discussion in the interviews. Both empty nesters and 

their children do not experience their privacy being threatened by similarity 

awareness nor do they anticipate it would cause such a threat if they had the 

system at home. However, this applies only to the case of matching 

activities. As stated by a child and corroborated by many others “there is no 

detailed information, she might know that we are both cooking, but that’s it. 

If I want to know what she is cooking, that’s the phone line” and “I like it 

like this. The information is not directly available, it just sometimes pops up, 

and you don’t know or have real control when it is going to pop up. 

Assuming that your parents will continue doing their business, then it’s ok”. 
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There is clear consensus that they want to have control over the system 

and be able to switch it off at times, even though they may not actually do it. 

There is also preference for being able to control different levels of 

abstraction of awareness information depending on the situation the user is 

in; effectively having control over ‘blurring’ (Blaine et al., 2005) of the 

presented information. The different levels of abstraction would be: (level 1) 

presence at home, if the remote party is at home then their picture frame 

glows; (level 2) matching locations at home, so if they both happen to be in 

their own kitchen, regardless of their engaged activity, both picture frames 

would glow; (level 3) matching activities, if both parties are engaged in the 

same activity, as it was the case in the experiments; and (level 4) constant 

awareness of the remote party’s activities. We discussed with participants 

about each level of abstraction and their preferences. Having control over 

different levels was valued, and this would be mostly moving between levels 

1, 2 and 3. They would keep match-making activities as the default level 

most of the times, since they enjoyed the spontaneous match. Sharing 

constant awareness of activities (level 4), was seen as too invasive and 

nobody was interested in this level regardless of control over the 

information. Instead, there were several comments for having this level of 

detail to be beneficial for taking care of babies or elderly.  

Not surprising, matching activities was highly preferred over just 

matching location because, as explained by several empty nesters, it is more 

meaningful to know that both are engaged in the same activity, than 

knowing that both are in a similar room. The light would be on much more 

often when matching location. This could be annoying in itself and the 

signal would be less meaningful. Matching only location in the house, 

however, was assumed to be less privacy invasive.  

Some parents consider presence information convenient and reassuring 

for them “it’s good to know she has reached home”, but some would con-

sider it a source of worries “if he is always late, then I will know and I will 

ask him, and then there could be a problem”. The children would consider 

presence awareness convenient too, and rate it better than sharing 

availability awareness, since the latter would cause a higher obligation to 

communicate. 

Bluffing. When discussing the implications of having the MatchMaker 

system at home, both empty nesters and children stated they would attempt 
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to ‘trick’ the system at times to find out what the other is doing. For 

example, if the light on the Aurama picture frame is off and they are curious 

of what the other party could be doing, they would start doing activities 

around the home until the frame lights up signaling a match. In fact, several 

participants tried to do that during the experiment “I did it, I tried to do that 

now”. Next to tricking the system, they were asked if they would pretend to 

do an activity. While parents do not see the value of pretending, the children 

admitted they would, e.g., like pretending to clean.  

4.5 Implementation
11

 Feasibility of MatchMaker 
The MatchMaker system performs activity recognition by means of 

combining events generated through audio and video scene analysis, i.e., 

using a set of microphones and a camera. Figure 4.7 shows a technical 

overview of the MatchMaker system. Audio events represent classified 

sounds, while video events represent the location of a user within the room. 

To detect audio events, audio features were first extracted from the raw 

audio signals. These features then formed the input of a scene analysis 

classification algorithm. The video event classification algorithm detects 

users based on camera images. An event is generated if the user is inside one 

of the manually defined regions of interest. 

 

Figure 4.7: Using audio and video scene analysis for context determination and 

activity recognition, and using a reasoning engine to generate awareness 

information. 

                                                      
11

 Credits for the implementation feasibility go to Maarten Pijl, Caifeng Shan and 

Steven van de Par from Philips Research. 
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Using audio and video events as input, activity classification is performed 

using hidden Markov models (Pijl et al., 2010). A single, unique model is 

created for each activity to be classified, based on audio and video events 

typically observed during the activity. Determining the most probable 

activity then becomes a matter of finding the most likely model given a 

series of recently observed events. 

To obtain data for both training and testing the MatchMaker system, 

eight participants were invited to perform a number of activities in the 

kitchen area of a simulated home environment. Data was captured using a 

single microphone and a single camera attached to the ceiling of the kitchen. 

Next to the raw audio and video signals, the participants’ activities and 

events were annotated manually by experts in audio and video scene analysis 

techniques. The activities and events recorded are shown in Table 4.2. 

Activities storing groceries, preparing dinner, eating, doing dishes, 

vacuuming, preparing a drink, other activity 

Audio 

events 

background noise, groceries bag, kitchen door, groceries, 

fridge, fridge door, pans, cutlery, tap, stove on/off, stove, 

plates, chair, movement, glass, hot water, vacuum cleaner, 

cleaning the counter, dishwasher, pouring a drink,  voice 

Video 

events 

Fridge, dishwasher, sink, cupboard, stove, dining, table, 

transition, other location 

Table 4.2: List of activities and events annotated. Audio events are related to 

observed sounds, and video events are related to the position of the user. 

The annotated events serve both for training and evaluating the scene 

analysis algorithms. To determine their performance, a cross-validation 

scheme was used, where data used for training is never used for evaluating 

performance simultaneously. Results show that the audio scene analysis 

algorithm was accurate to within 60-70%, depending on the session. The 

video scene analysis algorithm had an overall accuracy of 71%. 

To examine the performance of the activity recognition, we use the 

events generated by the scene analysis algorithms for both training and 

evaluation. To determine the accuracy for each of the activity classes, the 

recorded data was split into event sequences of individual classes, and cross-

validation was performed. The results are shown in Table 4.3. Here, the 
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overall accuracy is the weighted average of the accuracies of the individual 

activities. 

To simulate classification performance in real-time, each session was 

classified from start to end, using a buffer of events. Events from other 

sessions were used for training. The results per session are shown in Table 

4.4. The lower accuracy compared to the results shown in Table 4.3 are 

mostly due to less available information (as a result of using a buffer) and 

periods where one activity transitions into another. 

 

Table 4.3: Activity classification accuracy rates based on full event sequences of 

independent activities. Accuracy scores are listed for each of the 6 activities 

recognized, and the overall accuracy is provided. 

 

 

 

Table 4.4: Accuracy rates of session-based activity classification, showing the 

accuracy per recorded session, numbered 1 through 8, as well as the overall 

accuracy over all 8 sessions. 

To determine if there’s any advantage to using a combination of audio 

and video over a single modality, we compare the overall accuracy to the 

overall accuracies obtained when using only a single modality. The results 

are shown in Table 4.5, showing that using both audio and video is more 

effective than either modality on its own. 

Audio & video Audio only Video only 

73% 55% 53% 

Table 4.5: Activity classification accuracy on recorded session for both video & 

audio, audio only and video only. 

Storing 

Groceries 

Dinner Eating Dishes Vacuuming Drinks Overall 

100% 94% 89% 100% 100% 79% 94% 

1 2 3 4 5 6 7 8 Overall 

80% 61% 82% 71% 61% 82% 76% 71% 73% 
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4.6 Discussion and Implications 
The experiment reported shows the affective benefit, in terms of social 

presence and social connectedness, of notifying users regarding similarity of 

contexts. An earlier study by Huijnen et al. (2004) already had provided 

some indication of the affective benefits of mutual awareness but it did not 

control for the case of awareness of a connected other who is not engaged in 

the same activity. Furthermore, it was based on video links, whereas we 

show that this finding also holds when awareness is achieved through 

abstract renderings of information obtained via activity recognition. 

In our effort to support connectedness between empty nesters and their 

children, we have explored an interesting and, we believe, a widely 

applicable design concept. This involves using ambient technologies to 

capture and assess contextual similarities and flagging them to users. Our 

user studies demonstrate that awareness of similarity of activities between 

two remote parties significantly enhances social connectedness and social 

presence. Our experiment, however, did not show any effect of the amount 

of similarity on these. This suggests that a sporadic and brief indication of 

similarity suffices to provide affective benefits. Further studies are needed to 

explore what is MatchMaker’s optimal level of similarity frequency.  

The experimental set-up in our study has some limitations. Firstly, both 

parent and child, although they live apart, arrived together at our labs. 

Although they did not receive any details of the study, one could argue that 

both were already sharing an experience and in some way felt connected. 

This argument is of course true but it applies across the experimental 

conditions so it does not explain the effects found. Secondly, the list of 

activities they carried out had time constraints, which reduces the 

‘naturalness’ of the experience. Given that our results were found in this 

artificial setting, we can expect that notifying users of serendipitous 

concurrence of an activity is likely to have a larger impact upon users in real 

life, since similarities will be less frequent, more spontaneous, and therefore 

more significant to connected parties. Moreover, our experiment did not 

reveal any difference relating to the amount of similarity indicated, so we 

have no reason to expect that a less frequent similarity event would fail to 

produce the related affective benefits. Further research ought to explore how 

often such simultaneous activities need to be presented to users in situ, for 

the intended impact to be achieved.  
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The aim of the MatchMaker study was to explore whether capturing 

and conveying awareness of contextual similarities can enhance social 

connectedness. Thus, it was chosen to focus on one-to-one interactions 

(instead of one-to-many and many-to-many type of situations) and restricted 

to one physical space. This allowed for a more controlled setting to test our 

hypotheses. To accommodate other realistic scenarios with multiple people 

that cover multiple spaces, the MatchMaker system would need to be 

enhanced by  

 improving the activity detection technology to support field 

deployment, and  

 the way in which awareness information is conveyed.  

Firstly, the audio and video capturing would need to be present in each 

space of interest (e.g., living room, dining room, bedrooms, etc.). Further, 

the context determination and activity recognition algorithms would need to 

differentiate different activities performed by different people in the same 

room. For example, the system would need to reason upon the number and 

location of people in the room by means of the video channel, while the 

combination of video and audio would provide insights on the actual 

activities. The mechanism to convey the awareness information (Aurama) 

would need to be present in each space of interest (e.g., several rooms in the 

house) and it can continue to be conveyed by the ambient picture frame, 

since it is an object that can be placed in multiple spaces at home and blend 

in the environment adequately. Color coding could be further used to 

indicate the type of relation or linked to a person, or the screen could be 

further enhanced to convey more detailed information.  

For testing our second hypothesis, i.e. whether the amount of similarity 

awareness has an effect on social connectedness, even though there was no 

significant difference found, there are two points to mention. Firstly, it is 

more difficult to show a difference for a between-subjects comparison, and it 

is not conclusive whether the lack of difference between the two conditions 

(15% and 50% of time experiencing similarity awareness) is because of a 

small size. Secondly, the lack of difference between 15% and 50% points to 

the possibility that what is important is the number of instances of similarity, 

rather than the duration of the similarity. In the study, duration of the 

similarity was altered instead of the frequency.  
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The aim of MatchMaker is not to provide constant awareness of the 

remote party, but rather to trigger moments that create a bond and enhance 

social connectedness and feelings of social presence. In fact, MatchMaker 

can be considered to be a phatic technology (Gibbs et al., 2005), defined as 

technology which is less concerned with capturing and communicating 

information and more about establishing and maintaining a social 

connection.  

There are several design implications that we can draw from our research 

regarding connectedness oriented awareness systems in ambient intelligent 

environments to support social connectedness and social presence between 

remote family members such as empty nesters and their children: 

Design for Spontaneity and Serendipitous Coincidence. The spontaneity and 

serendipity of awareness information plays an important role. From earlier 

psychological research we know that people are attracted to each other if 

they share a similarity. We go a step further and show the effect of the 

coincidence and the spontaneous value of the similarity on the 

connectedness and social presence that MatchMaker provides. 

Living Remotely “Together”. Empty nesters and children have a need to be 

able to share moments together even though they live separately. Match-

Maker provides awareness of sharing a similar activity at the same time. The 

coincidence value of the awareness information is a subtle way to promote 

closeness, by triggering thoughts about each other and feelings of social 

presence, which may lead to direct contacts. 

Design for Curiosity. Qualitative data persistently showed that MatchMaker 

triggers curiosity in users mainly due to the ambiguity of the match or lack 

of specifics. In most instances, curiosity made them want to interact with the 

other to find out details about the content of the activity or about time-

related details of the activity. Providing more extensive information could 

potentially jeopardize the chances for further interaction. Thus, awareness 

cues should be given up at a point where inquiry of further details can 

prompt interaction. 

Allow to ‘Invade’ Privacy in a Safe Way. From the qualitative analysis we 

concluded that similarity awareness was not perceived as a privacy threat 

thanks to its symmetry (both parties know they are engaged in the same 

activity at the same time). However, there is a preference for control over 
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different levels of awareness information, even though most participants 

stated they would leave the activity-based MatchMaker (level 3) in the 

default state. It is interesting to note that almost all subjects did not want to 

either share or know constant activity awareness (level 4) of the remote 

party, but they would try to trick the system to find out what the other party 

is doing. This contradiction is however supported by the fact that if one 

tricks the system to find out what the other is doing, awareness information 

is still exchanged (i.e., both are informed that they are both doing the same 

activity at that moment), and this minimizes the effect of privacy invasion. 

Support ‘Celebratory’ Design. Food is something that brings people 

together; people interact through it in its preparation and consumption 

(Grimes and Harper, 2008). Qualitative results showed consensus towards 

matching social types of activities, particularly cooking and eating. 

Similarity awareness for these activities is a good example of celebratory 

design (Grimes and Harper, 2008), because it ‘celebrates’ positive aspects of 

human behavior such as sharing and socializing. Participants indicate they 

would initiate a conversation for meaningful or ‘celebratory’ activities, and 

not for dishwashing or cleaning. 

Anticipation. Several participants expressed disappointment when there was 

no match rendered (during dissimilarity moments), and they would 

constantly wait for the light to turn on. In fact, some raised an unexpected 

remark about the frame causing loneliness: “I feel connected when it is on, 

but I felt lonely when it was off” or “if it switches off you feel you lose the 

connection”. One could argue, however, that these feelings could trigger 

them to seek interaction with each other, like having a direct contact over the 

phone. 

4.7 Conclusions 
The study presented here explores how context aware systems can support 

connectedness between remote individuals. Earlier works have already 

shown how sensing technology can support peripheral awareness between 

remote households, to support connectedness and peace of mind, e.g., 

Mynatt et al. (2001), Dey and Guzman (2006) and Metaxas et al. (2007), but 

the general pattern they followed was detection and notification of 

events/activities in different households. A cultural probe study at the outset 

of this research found that further to notification of activities, drawing 

attention to similarities of activities between the remote individuals can 
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enhance the feelings of connectedness that they experience. This general 

idea which we have been referring to as similarity awareness, was then 

applied in the design of the MatchMaker, an Ambient Intelligence system 

that uses context sensing on each location to sense activities and a picture 

frame that lights up when similarities are detected across remote locations. 

To evaluate the potential of similarity awareness we conducted a controlled 

laboratory experiment with 46 subjects. The experiment provided clear 

evidence of the hypothesized benefits regarding social connectedness and 

social presence. This finding validates the essential concept of similarity 

awareness and complements related design investigations that also, in some 

way or other, support similarity awareness but for which, so far, no 

empirical validation has been carried out (see for example Huijnen et al. 

(2004), Gibbs et al. (2005), Tsujita et al. (2008), Grivas (2006), and Eagle 

and Pentland (2005).  

Specifically for the target group we studied, we see the possibility to add 

context sensing and similarity notification as a valuable extension to sensor 

based awareness technologies or domestic media spaces (Judge et al., 2010) 

that provide sustained audio-video connections between households.   

An implementation feasibility of MatchMaker was done using ambient 

audio and video scene analysis for context determination. One can imagine 

that similarity awareness can be supported by many different technologies as 

well; especially avoiding video cameras can be preferable for different 

rooms in the household. The implementation was shown to be reliable and is 

easier to install and maintain than sensor based solutions that have been 

traditionally examined in the context of related systems discussed above.  
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5 
Connectedness and Social 

Translucence in Awareness 

Systems 

In the previous chapters we have explored how connectedness oriented 

awareness systems in ambient intelligent environments can enhance 

connectedness among dispersed family members. These systems were using 

the Aurama ambient display for capturing and conveying awareness 

information. Although, the domain space of connectedness oriented 

awareness systems for both pairs of generations (elderly and their children, 

and empty nesters and their children) have been explored in empirical 

studies, there are other design dimensions in awareness systems that have 
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not been touched, which can further strengthen the caring relationship 

between remote parties.  

5.1 Symmetry and Social Translucence 
Chapters 2 to 4 focused on demonstrating the value of context sensing as 

part of connectedness oriented communication applications, demonstrating 

affective benefits like increased social connectedness. For applications like 

the Aurama awareness system, they are fundamentally asymmetrical with 

one communication party (e.g., the senior parent) being the one observed 

and their remote son or daughter playing the role of the observer, who might 

be expected to provide help and emotional support if needed, but who 

receives with low effort some reassurance and awareness of the situation of 

their parent. 

This asymmetry can have considerable implications regarding how 

such communication systems are experienced or used.  It creates obvious 

privacy concerns, where one party is presumed to be willing to share 

information about their daily life activities as they happen: that is, the typical 

step for most social communication applications and social media of 

composing a message and posting it has been replaced by an automated 

capture and continuous flow of information to the connected party. Of 

course, such disclosure and loss of privacy may be compensated in certain 

contexts by the affective benefits these systems provide, e.g., feeling safe 

that someone is watching, feeling connected, reduced anxiety, etc. as found 

in the field studies where such systems were evaluated (Metaxas et al., 2007; 

Dadlani et al., 2011; Khan and Markopoulos, 2009). However, there are also 

cases where potential users expressed concerns regarding their privacy or 

where they developed ways to circumvent the system from monitoring them 

and ‘fool’ the system in order that it would not disclose actual details of their 

activities. The problem with asymmetrical information flows is a general 

concern for systems connecting groups of people, leading researchers to 

stipulate that systems should minimize asymmetry of information between 

data owners to data users (Jiang et al., 2002), by decreasing the flow of 

information from data owners to users and increasing information flow from 

users to owners. This principle, originally expressed in the context of 

information systems, would favor more symmetrical set-ups where bi-

directional communication is enabled, as shown in the second generation of 

the Aurama awareness system in Chapter 3 (Dadlani et al., 2011), but also 
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where the overall set-up is symmetric in its information capture and display 

capabilities.  

The pursuit of symmetry between users of groupware systems has been 

research that characterizes the last two decades of work in the field of 

Computer-Supported Cooperative Work (CSCW). Technical characteristics 

of the systems may need to be overcome to allow symmetrical access to 

information, symmetrical presentation of users, applying principles such as 

What You See is What I See (WYSIWIS). The symmetry regarding the 

information about ourselves that we do not mind others to know and the 

information that we would like to see about others, is a typically voiced 

requirement of users; see for example in Friedman et al. (2006) and Khan 

and Markopoulos (2009).  

However, a careful review of reports on deployments of such systems 

has shown that despite the sustained attempts by researchers who create and 

design related systems, almost all empirical studies to date report 

asymmetries emerging during actual use (Voida et al., 2008). This 

asymmetry is perhaps not surprising, as even with a level playing field 

technically, people will have differing needs, different opportunities for 

participation and desired levels of social interaction. 

An alternative perspective is to enable people to apply social norms, by 

allowing them to perceive socially meaningful cues regarding each other’s 

activity; this pertains to the notion of social translucence which was 

originally introduced as a framework for guiding the design of groupware 

systems (Erickson and Kellogg, 2000). In that work, the authors comment on 

how in daily encounters in the physical world we adjust our behavior to 

visible and meaningful social cues from others: we might hold a door open 

for the person following us even if we do not know them, because we know 

they see us and we are accountable to them for letting the door close on their 

face or not. In their turn they might speed up seeing us hold the door as a 

matter of courtesy because they note we are in a hurry. This interplay of 

visibility and accountability is enabled by the fact that we see each other and 

we let social norms play out and drive our behavior. Visibility, awareness 

and accountability are the three main elements in social translucency 

(Erickson and Kellogg, 2000; Szostek et al., 2011).  Firstly, visibility is the 

degree in which socially significant information is made visible in the 

system. Secondly, awareness is the extent in which all end users know what 
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information is being shared between them and also what they can see about 

each other’s behavior.  Lastly, accountability is the extent to which users are 

held responsible based on an understanding of social norms.  

With regards to context aware systems supporting social connectedness 

between remote individuals, social translucence amounts to enabling the 

observed party to know when he or she is being observed (Metaxas et al., 

2012). The very visibility of this information renders the observer 

accountable towards the observed, which then allows them to adjust their 

behavior to protect each other’s privacy, to be polite in initiating and closing 

interactions, to enable behaviors relating to saving face and plausible 

deniability where further interaction is not desirable (Szóstek et al., 2011). 

The framework of Social Translucence has guided the design of several 

internet based applications. Here we describe the design, implementation 

and initial evaluation of SoPresent, a socially translucent system to support 

awareness of whereabouts between two remote parties.   

5.2 Design of the SoPresent System 
An analysis of user needs based on interviews and cultural probes was 

conducted focusing on cross generational communication and particularly 

empty nesters: parents whose children reach adulthood and leave the family 

nest and who attempt to substitute physical proximity with communication 

media. The study is described in more detail in Chapter 4, but we recap the 

following relevant highlights that motivate the design of the SoPresent 

System: 

 No more calls cut short and keeping a regular contact. Phones and 

direct communication are difficult to set-up given varying 

availability of the two parties and are often cut short; there is an 

opportunity for sustained, lightweight and peripheral 

communication.  

 Focus on bonding. There is a danger for the system to be perceived 

as excessive and controlling; however, a communication system 

should enable the two parties to stay involved with each other.  

 Sharing experiences as they occur is preferred than reporting the 

daily life activities the other party is engaged in.  

 Everything is ok. Objectively collected information regarding the 

well-being of the other party can provide reassurance regarding their 

well-being over and above messages/explicit communication. 
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 Little greetings: Informal, lightweight and regular interactions, like 

greetings, are valued and provide a personal touch to information 

collected through context sensing.  

The user research focused on an initial attempt to provide symmetry 

regarding the awareness of connected parties focusing on detecting 

similarity between activities at the two locations. A first system supporting 

symmetrical communication was based on the MatchMaker concept but 

using a different set-up. Namely, a context sensing system was constructed 

based on audio and video scene analysis that notifies the two parties when 

they engage in similar activities and/or capture and render awareness 

information. While the empirical study in Chapter 4 showed that the match-

making functionality was very much valued and led to an increased level of 

social connectedness experienced, it also suffered from some limitations. 

Sensing and classifying user activities reliably in different contexts are very 

hard and could lead to missing such events or providing false notifications. 

Further, when people are in different time zones as it is quite common for 

the user scenario considered here, the chances of them engaging in similar 

activities (e.g., cooking dinner, watching TV, etc.) are diminished. It was 

decided that the SoPresent system would notify the two parties of the 

presence of the other and give an indication of their activity, as a way to 

enhance feelings of social presence and social connectedness. 

Rather than instrumenting the environment with a variety of sensors, as 

for example in the Digital Family Portrait system, the Diarist system or the 

Aurama awareness system discussed earlier, here we opt for a single 

dedicated device, e.g., placed in a living room that will capture contextual 

information, interpret it and render it on a similar remote device. We decided 

to create a device that would capture activity at one environment using video 

and audio, and would analyze captured signals to extract meaningful social 

cues regarding the activity at that location. LED lights on the device would 

be used to display the social cues extracted at the remote location. The 

advantage of embedding all functionality in one device pertains to the ease 

of installation and the flexibility it provides to users regarding the placement 

of the device at home. The functionality implemented relies on audio and 

video scene analysis algorithms to capture presence and activity, together 

with computational intelligence for interpreting contextual data.  
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Contrary to a video media space where raw video and audio signals are 

transmitted, this approach allows us to deal separately with the 

communication of awareness information and the communication of 

information regarding what an observer can see of the observed. More 

specifically, two versions of the systems were created: one where the 

presence and activity of the other party is displayed to the remote 

participant, without letting the observed know whether anyone can see this 

information. This unidirectional flow of information is completely 

symmetrical where both parties see the same about each other. The second 

version of the system requires the observer to actively invoke the device to 

present information about the observed. By tapping on the device the display 

is lit up to represent the presence or not of the remote person (and their 

relative position compared to the remote device). However, this tapping 

causes the remote device to also light up showing to the observed that 

someone is watching them or requested information about them. In this way 

the observer becomes accountable through a socially translucent system to 

the observed. The sharing of presence and activity information has been 

shown to enhance connectedness between remote parties. These are socially 

meaningful cues that are made visible with the SoPresent system.  

5.3 Implementation
12

 of the SoPresent system 
We set out to implement the concept as a stand-alone communication device 

based on audio and video scene analysis. The device captures presence and 

activity information from one site and renders this through colored lighting 

on a connected device at a remote location. Based on the design concept and 

the user context analysis the following technical requirements were 

identified:  

 The device should be capable of observing a complete room, from a 

single point of view. 

 The device should be reachable for the user rather than mounted on 

the wall or ceiling, to allow user interactions, e.g., tapping. 

 There are no stringent requirements on maximum distortions of 

captured images. 

                                                      
12

 Credits for the technical implementation of the SoPresent system go to Caifeng 

Shan, Tommaso Gritti, Ruben Rajagopalan and Steven van de Par from Philips 

Research.  
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 The integration of such sensors in a consumer device should be 

feasible, without the development of special lenses or mirrors, and at 

low cost. 

 The total weight of the device should be limited, e.g., 1 kg, to allow 

for a device to be easily moved within the home. 

The application scenario requires analysis of the behavior of users in a 

room. Systems based on one single rotating camera are not suitable, 

presenting strong artefacts for any moving objects. Mechanically moving 

parts is also not preferable for systems which should not undergo constant 

maintenance, since they are more likely to be subject to failure. Thus, a 

catadioptric system, a system combining a camera together with a mirror, 

was chosen for SoPresent. 

Below are some of the important aspects of the prototype: 

 Mirror. The relevant feature of the mirror is the maximum surface 

angle: a very large angle allows viewing a greater vertical area in the 

mirrored view, at the cost of much larger distortion, and lower 

resolution. We opted for a relatively shallow maximum angle of 35˚, 

given the fact that we are combining a mirrored view and a direct 

view. 

 Camera. With regards to the camera, the most important property is 

the maximum resolution. We selected a 3 Megapixels sensor capable 

of acquiring high level of details. At that resolution, a maximum 

frame rate of 11 fps was possible with the hardware components 

available at the time. This relatively high resolution is advantageous 

for detecting activity in large environments. In application scenarios 

in smaller spaces, the same camera can be used in lower resolution. 

At lower resolution the frame rate can be substantially higher, 

allowing the detection of more fluid motions. 

 Lens. The lens is a fundamental component of the system. The lens 

focal length in combination with the sensor size, determines the total 

angle of view, which directly affects the portion of the captured 

image that can be seen under direct view and mirrored view. 

Another important property is the minimum focusing distance; 

depending on whether it is necessary to capture sharp images of a 

user interacting with the device, this property should be considered. 

In our set-up, we set the manual focus at a middle distance range, 

and opt for a small aperture to maximize the available depth of field.  

 Mirror-camera distance. Similar to the lens’ focal length, the 

distance between the camera and the lens affects the portion of the 
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image that is captured directly or after being reflected by the mirror. 

In our prototype, this distance is set to approximately 3.5 cm. 

 

The product design of the device needed to ensure that it blends in a 

home environment, but at the same time making sure it is inviting for users 

to interact with. Below we list the main user interaction requirements: 

 The device should arouse curiosity in the user to interact with it. We 

see a trend in the consumer electronics industry that peculiar shapes 

and colors that are out of the ordinary attract users more. This is one 

of the reasons why we moved away from just augmenting an 

existing consumer electronic device as previous research has done, 

e.g., augmented electronic photo frames like in the Aurama system. 

 The device should not be too bulky to allow moving it around the 

home.  

 The device should use an ambient display to render colored auras to 

render awareness information. 

 The device should allow for explicit interaction to support two 

modalities: requesting information from the observed party and 

sending a token or message to the remote party. 

 

Figure 5.1 shows some of the initial design rendering options of the 

SoPresent device and Figure 5.2 shows the final prototype. 

 

Figure 5.1: Two alternative designs for the device and 3D rendering of the selected 

model. 
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Figure 5.2: Final prototype of the SoPresent device with device specifications. 

A typical use of the SoPresent device involves detecting the particular 

region in the environment in which people are active. It is possible to 

achieve good detections without the need of a rectified image by using a 

combination of motion detection, background segmentation, and color 

analysis. A raw image captured with the device is displayed in Figure 5.3. 

As it can be seen, quite some details are visible both far and close to the 

device, while at the same time a large part of the ceiling is captured. The 

advantage of this configuration is clear when observing Figure 5.4, in which 

the device is able to capture the face and hands of a person close to the 

system. This type of result allows the device to be placed quite freely within 

a home environment. A drawback of the device worth mentioning is the 

presence of the glass cylinder used to protect the camera and mirror, as 

scratches on the glass surface can deteriorate image quality. Also, depending 

on the optical properties of the material chosen for the transparent cylinder, 

glare can appear under some lighting conditions. Anti-reflective coating 

applied to the glass can help reducing glare. Figure 5.5 further shows a 

rectified image.  
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Figure 5.3: Images acquired with the described prototype system. At the center of 

the image the lens is visible, surrounded by the cylinder supporting the device. The 

mirror is easily movable, and allows it to be placed so that its center is not 

coinciding with the center of the image. In this case, for example, the mirror is 

lowered to allow for a larger field of view in the portion of the room which is larger, 

corresponding to the top region of the image. 

 

 

Figure 5.4: Images captured with the device, showing a user positioned at close 

distance to the device. Both hands and face are visible, while at the same time the 

full body can still be observed. 
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Figure 5.5: Original image (top), and rectified image of the central ring (bottom). 

Note that only the central part of the image is rectified in this example. 

5.4 Implementation of similarity matching 
The SoPresent device captures presence and activity information from one 

site and renders this (through color lighting) on a connected device at a 

remote location.  The vision system can detect a user’s proximity, and the 

angle relative to the device (0-360 degrees). Currently three proximity levels 

are considered: far, close, and middle, thus the camera view is divided into 

corresponding areas. To describe the angle, a reference axis is defined. The 

size of each area and the reference axis can be adjusted via a program 

interface; otherwise, default settings are used.  

Under the assumption that the user will enter/leave the room in the 

“far” area (e.g., the doors are in the “far” area), motion detection and 

background subtraction algorithms run to detect foreground objects in the 

“far” area. Once the user enters the camera view, he or she will be detected 

and the system state will be set as “user entered”. The system then keeps 

tracking the user and estimates his or her proximity and angle relative to the 

device. If no user is detected and the user was detected in the “far” area in a 

previous frame, a counter is started. For the next-coming frames, if the user 

is detected, the counter will be reset to zero; otherwise, the counter keeps 
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increasing. If the counter is larger than a predefined threshold, the user is 

regarded as left (i.e., not present); the system state will be set as “user left”. 

The system can further detect the activity level based on motion, or if a new 

object comes into view, detect its color (RGB value) and send tokens to the 

remote side. 

If both connected devices detect similar contextual situations, e.g., both 

users are at the same angle and/or proximity with respect to their device, or 

if similar moving objects at each remote location are of the same color, or if 

similar activity levels are detected, then the devices will glow in a particular 

pattern to make their users aware that there is a similar situation happening 

at that moment. Figure 5.6 shows a pair of SoPresent devices in two 

different rooms in a home simulation environment.  

 

Figure 5.6: Installation of SoPresent at two different rooms in a home simulation 

laboratory. Each device displays the presence of the remote party and reacts to the 

observer’s proximity. 
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5.5 Qualitative Evaluation 
A qualitative study was conducted with target users among empty nesters 

and their children (N=5): three participants were children who moved out of 

home, one participant was an empty nester, and one participant who has 

senior parents being empty nesters and has children herself to take care of.  

Participants were invited to a home simulation laboratory where the 

SoPresent device was demonstrated showing how it uses audio and video 

scene analysis to capture the context of its surroundings and displays 

awareness information to a similar remote device, while also allowing to 

explicitly send messages by tapping or caressing the device. The study was 

based on interviews probing participants for their feedback on the following 

topics: 1) concept of caressing the device to send a message, 2) tapping the 

device to request detail information about the remote party (e.g. activity 

level) and the related social translucence concepts, 3) sharing presence 

information, 4) privacy concerns, in particular for having a camera in their 

living room, and 5) testing the concept of matching contextual similarity. 

After the study, a thematic analysis (Braun and Clarke, 2006) was conducted 

by the researcher. A transcription of the interviews and notes was first done, 

followed by identifying the major patterns from the feedback from 

participants.  

All participants use either phone calls and texting to keep in touch with 

their remote family members, and some even use Skype. Although, nobody 

expressed any concern with current methods of communication, they 

immediately see the value of being able to exchange lightweight messages 

via the SoPresent device. Messages like “I’m thinking about you”, “good 

morning”, are examples of fragile tokens that participants valued to share 

with their remote significant other. The SoPresent device allows users to 

send colors to the remote device by placing a colored object near their 

device which is then picked up by the camera and that color would be 

rendered on the remote device. Subjects were interested in using the color 

language to exchange lightweight information. It would however require 

them to establish a color coding mechanism, e.g., red means ‘call me’, blue 

means “I’m thinking about you”, etc. In fact, one of the subjects exchanges 

phone ‘tinkles’ with their significant other, i.e. send a missed call just to say 

that they are thinking about them. 
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Presence information was the second valued piece of awareness 

information that participants appreciated. On the other hand, activity levels 

in the remote environment captured by the audio and video signals were less 

valued, in particular by the older participants. However, there was a 

preference for requesting activity information from the observed rather than 

getting it constantly through the device, while the observed can accept or 

reject the request, and accordingly share contextual information to the 

remote party.   

Three participants (the youngest children) immediately valued the 

concept of matching contextual similarity, e.g., both parties sitting on the 

couch and/or watching TV. The serendipitous moments would trigger further 

interaction with the remote party (e.g., calls or texting). 

Privacy was not seen as an issue. Although all participants do not want 

to invade the privacy of the remote party, being able to request for the 

information first such that users have control on what and when is shared, 

was highly preferred for the awareness of activity levels. In particular with 

using a camera to capture contextual information, participants did not 

express any concern with having such a device to capture information as 

long as no raw images or videos were being sent to the remote party, but 

rather abstract and high level contextual information or for exchanging 

lightweight messages.  

5.6 Discussion 
A variety of systems supporting context sensing in a living environment 

have been created and evaluated through experiments and field trials (e.g., 

the Aurama awareness system). We have argued that in many ways the 

asymmetry of this and earlier systems render them to some extent 

monitoring technologies to support independent living rather than 

communication media.  

The concepts of symmetry and social translucence which are well 

understood in the domain of Computer Supported Cooperative Work 

(CSCW) have guided the design of a few systems, most notably awareness 

cues provided to members of online communities (Erickson and Kellogg, 

2003). Also, Szóstek et al. (2011) adopted the framework of social 

translucence to provide availability cues to people interacting with instant 

messaging applications. The aim there was to make communication 
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smoother and to make it easier for communicating parties to evaluate the 

availability of the other. However, these ideas have not yet been explored in 

the domain of Ambient Intelligence and we have discussed how these 

concepts can be used to guide the design of ambient intelligent systems 

designed to support connectedness. 

Home media spaces, or in other words permanent video links 

connecting households can be a straightforward alternative way to connect 

remote family members. However, such systems are typically perceived as 

more privacy intrusive and do not necessarily support social translucence. 

While in physical proximity people are aware when they are being observed, 

this does not necessarily hold in video based communications. The 

implementation of SoPresent shows how extracting information from 

sensors (even if in this case cameras were used), allows one to quite 

accurately manage requirements on symmetry and translucence. 

Social translucence provides a powerful conceptual framework for 

designing communication media that is usefully applied in the domain of 

ambient intelligence.  This conceptual framework guides designers beyond 

considerations of usability and fit to context, to reason regarding how 

ambient intelligence can mediate social interactions. There are few other 

frameworks that have been proposed to play this role. Iachello and Abowd 

(2005) showed how the concept of Data Proportionality deriving from 

principles for fair information practices can guide the design of context 

aware systems. This framework however does not provide guidance 

regarding the social interaction issues that are more relevant in 

communication media.   

Deckers et al. (2011) describe the device of PeP, a Perception Pillar, 

which is a device that uses motion sensors and microphones to detect user 

activity and LEDs to display it, which can potentially support a similar 

scenario to SoPresent. PeP was designed with different aims in mind, 

specifically as a way to make perception of information visible to the user. 

The notion of Perceptual Crossing they describe has several analogies to the 

concept of Social Translucence but given its focus on perception and 

cognition rather than social interaction, it is silent regarding to why and how 

cues about an agent’s perceptive abilities influence how humans experience 

interaction with the system.  
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Romero and Markopoulos (2009) discuss how common ground theory 

provides an alternative framework to guide designers of Ambient 

Intelligence systems supporting communication scenarios as discussed here. 

Applied to the SoPresent system it can be seen how the visibility of remote 

agents and their ability to perceive one’s activity creates common ground, 

i.e., knowledge that is known to be shared among agents. However, common 

ground is better able to guide the design of explicit interactions where the 

user intentionally ‘grounds’ elements of information and indicates they 

become shared knowledge rather than how accountability emerges out of 

non-intentional background interactions as in the case of social translucence. 

5.7 Conclusions 
We have presented the design and evaluation of SoPresent a device that 

encapsulates context sensing and display capabilities to support tele-

presence scenarios. The device itself presents an advance over earlier 

systems which relied on instrumentation on the environment and was 

designed to respect social norms regarding social interaction and privacy. As 

such it presents an interesting design case for guiding the design of ambient 

intelligence systems based on the notion and conceptual framework of social 

translucence, which originates from the domain of Computer Supported 

Cooperative Work (CSCW). As a design case, the research presented has 

illustrated how Social Translucence provides a much needed handle on 

social interaction issues relevant for ambient intelligence systems. 
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6 
Conclusions 

Families and friends are often separated by distance making it difficult for 

them to stay in touch with each other. A prolific number of popular 

communication technologies and social media are testimony of how 

important informal and social communication with friends and family can 

be, and how this can drive industrial and business developments. Despite the 

abundance of communication technologies and media, separation of friends 

and families often leads to unmet communication needs and even to social 

isolation, when families are separated and particularly with regards to 

elderly living alone. This has motivated a considerable number of 

explorations into how context sensing and Internet connectivity could 

support families to stay aware of each other. 

This thesis explores how Ambient Intelligence in terms of context 

sensing and ubiquitous communication media can support remote family 

members with new ways of caring for each other using connectedness 
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oriented awareness systems. We have explored specifically two pairs of 

generations: elderly and their concerned and often remotely located children; 

and empty nesters and their often recently ‘out flown’ children.  

We have developed the Aurama awareness system and discussed how 

it evolved in its application for both pairs of generations. First, it was 

introduced in Chapter 2 as a unidirectional awareness system for concerned 

children to get a glimpse of the status and wellbeing of their senior parent 

living alone. The Aurama system was deployed in two field trials and 

lessons were further learned on social connectedness and awareness needs of 

target users. The need for a more symmetrical system led to the second 

generation of the Aurama system in which the sharing of information (e.g. 

presence) was bilateral as described in Chapter 3. To counter the semblance 

to a monitoring or surveillance system we have combined implicit context-

based awareness information with explicit forms of awareness information. 

Both sources of awareness play their role in providing peace of mind and 

enhancing social connectedness between the remote parties. The new system 

was further deployed in two long term field trials.  

In Chapter 4, we looked at serving the needs of empty nesters and their 

remote children to experience sharing moments together during meaningful 

activities during their daily routines. As a result, an implementation 

feasibility of the system was done using audio and video scene analysis to 

detect activities of daily living and render awareness information when both 

remote parties are involved in the same activity. The Aurama display was 

used to render the similarity awareness and a controlled experiment with 46 

participants was conducted to explore the effect on social connectedness. 

While the MatchMaker system was a symmetrical system that showed how 

similarity awareness can increase social connectedness between the remote 

parties, another dimension in connectedness oriented awareness systems is 

reflected in Chapter 5. Here, we explored the effect of ensuring symmetry 

versus ensuring social translucence upon the social connectedness and the 

privacy satisfaction that people experience through the use of a 

connectedness oriented awareness system. We built the SoPresent prototype 

which uses audio and video technologies to support these concepts and 

collected qualitative feedback from target users.  

Table 6.1 shows a summary based on the aims define in the 

introduction. 
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Designing an awareness system for 

elderly’s caregivers 

The Aurama awareness system was designed 

elderly’s children, focusing on capturing and 

conveying long-term trends of wellbeing 

information using specific aesthetics on an 

ambient display by mean of colored auras. 

The system was later extended to provide 

two-way flow of awareness information.  

Intertwining implicit and explicit 

awareness information 

The Aurama system was further augmented to 

exchange emotions explicitly. This made the 

implicit awareness of wellbeing in the 

background, while the exchange of more 

positive affective messages become a day-to-

day interaction with the system.  

Exploring the concept of matching 

contextual similarities 

For empty nesters and their children, the 

concept of matching contextual similarities 

was explored and shown to increase social 

connectedness between both parties in a 

controlled lab environment. The effect of the 

amount of similarity awareness was further 

explored, but did not significantly show 

further increase in social connectedness.  
 

Table 6.1: Summary of achieved aims as defined in the introduction. 

6.1 Guidelines for the Design of Connectedness Oriented 

Awareness Systems 
We have explored the design and evaluation of connectedness oriented 

awareness systems in two pairs of family generations. We derived a list of 

guidelines for designing these systems and put them forward below: 

 Awareness cues or information should be provided in a peripheral 

display that can be noticed at a glance without requiring focused 

interaction or communication. The Aurama awareness system 

(section 2.2) unlike other connectedness oriented awareness systems 

of its kind, captures wellbeing information unobtrusively from the 

elderly’s home and renders high level awareness information via 

colored auras on an augmented photo frame and more detailed 

wellbeing information upon request via the same device. The 

ambient auras around the frame allow for getting instantaneous high 

level awareness of the status of an elderly parent. Furthermore, the 
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Aurama display conveniently aesthetically blends into the 

environment to be as unobtrusive as possible. The design of Aurama 

illustrates a host of challenges arising pertaining to the transition 

from peripheral to focal interaction.  For example, a display could 

actively attempt to catch the user’s attention and draw the user 

closer, to reveal more information and eventually support focal 

interaction. Such an approach was explored in a development of 

Aurama which was used as an ambient information display for the 

home to present activity tracking data (see Figure 6.1). The ambient 

display is designed to invite and engage users to interact with the 

system. 

 

Figure 6.1: Five different areas of interaction, divided into: off mode, blend mode, 

displaying ambient information, detailed information, and manipulating the 

information. 

 Information on long-term trends is more valuable than daily trivia 

and ephemeral information, such as what someone is doing at that 

moment. This was well shown in field deployment of the Aurama 

system (section 2.5). In the case of the MatchMaker concept, 

however, it is about the experience of doing a similar activity at the 

same time, than just knowing that the other person is e.g. cooking or 

eating.  
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 Automatically captured and communicated awareness information 

should be blended with explicitly input information, that supports 

expressivity and to allow it to be part of a regular communication 

routine rather than a separate or segregated communication channel. 

In the Aurama system (Chapter 3), for example, intertwining 

implicit wellbeing awareness information with explicit expressions 

of emotions and feelings showed considerable value for end users. 

The system was deployed in two long term field trials. There was 

higher acceptance and continuous usage of the system when the day-

to-day interaction focuses more on explicitly sharing emotions and 

feelings, while keeping the implicit capture and rendering of 

wellbeing awareness information in the background. Furthermore, it 

is an opportunity for end-users to share more positive news with 

each other via the Aurama system. 

 

 The awareness of matching contextual similarities can enhance 

connectedness over and above simply providing awareness cues. 

This was shown in the MatchMaker study (section 4.3) with empty 

nesters and their children. However, the amount of similarity 

awareness did not significantly lead to a higher amount of perceived 

social connectedness between both parties. 

 

 The symmetrical flow of awareness information increases 

participation of target users and their perceived value of the system. 

This was shown in the second generation of the Aurama awareness 

system (Chapter 3), where there was bilateral sharing of information 

(in the case of presence of both parties). The MatchMaker was fully 

symmetric (section 4.6), where both parties are informed of a 

contextual similarity, in terms of meaningful daily activities (e.g. 

eating, cooking). 

 

 Making a social translucent connectedness oriented awareness 

system can further enhance social connectedness and enhance the 

acceptability of these systems. One of the unique features of the 

SoPresent system (Chapter 5) is that it renders specific awareness 

information only once the observer taps onto the device requesting 

information of the remote party, while the ‘observed’ would receive 
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an indication from their device indicating that the remote party has 

requested information.   

 

 Reciprocity, symmetry, and especially social translucence are ways 

to avoid a connectedness oriented awareness system becoming a 

surveillance system. For example, reciprocity was shown in the 

second generation of Aurama where interactive photo frame jewelry 

was used to convey emotions between both parties, deemphasizing 

the wellbeing monitoring aspects of the system. It also showed how 

presence information is shared between each other. Chapter 5 

described how a socially translucent system can have the potential of 

fostering connectedness by increasing accountability.  

6.2 Key Contributions 
This thesis puts forward the following contributions: 

 A set of guidelines for connectedness oriented awareness systems 

in ambient intelligent environments. These guidelines will inform 

future designers of such systems with methods to design them and 

implement cues to further enhance social connectedness between 

remote parties. 

 

 Four novel systems were designed and evaluated in a user 

centered approach: the Aurama first and second generation, the 

MatchMaker system, and SoPresent. The Aurama system was the 

first connectedness oriented awareness system that included general 

personal health information, such as weight, cognitive capability, 

sleep quality, and to be subjected to such long term field 

evaluations. The only earlier examples included more general 

awareness information (e.g. Info Canvas, Digital Family Portrait and 

Diarist), rather than directly reflecting the health and wellbeing of 

the senior parent. 

 

The SoPresent system is the only ambient intelligent awareness 

system that is explicitly designed to achieve social translucence. The 

SoPresent device implements the sensing elements to capture 

contextual information into one device. It uses audio and video 

scene analysis to recognize the presence and position of a person, 
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and the activity level of the environment, and renders this 

information to a remote party. Furthermore, in line with the user 

research, the device allows participants to send greetings, small 

messages or small tokens to each other, either by caressing the 

device or by sharing a color scheme messaging method using 

colorful objects being placed near the device. Furthermore, the 

SoPresent system utilizes on dedicated device to capture and render 

awareness information. 

 

 We introduce the concept of matching contextual similarities. 

The MatchMaker is the only system that empirically has shown the 

value of matching contextual similarities for the target users to 

enhance social connectedness. It uses audio and video scene analysis 

to detect activities of daily living and prompt similar moments via 

the ambient display used in the Aurama system. 

 

 Understanding the social connectedness needs of the sandwich 

generation and that of their senior parent, and of empty nesters 

and their children. Adult children living remotely want to be aware 

of long term trends of wellbeing of their senior parent living alone. 

This has been shown during the deployment of the Aurama system 

in two field trials. We researched on the awareness needs of children 

and that of their senior parents. The field deployments further 

confirmed the former user studies that concerned children fear of 

invading the privacy of their elderly parent, while senior parents do 

not mind sharing wellbeing information with their children. 

However, they fear burdening their children. On the other hand, the 

children do not consider it a burden and want to be informed about 

the wellbeing of their parents. 

 

A contextual mapping study identified the social 

connectedness needs of empty nesters and that of their children. 

Specifically, it was clear that empty nesters do not want their phone 

calls to be cut short due to social contacts with their children at 

inappropriate timings. Empty nesters do not want to be burden on 

their children and not making them feel that they are constantly 

checking on them. The need that is experienced by both remote 

parties is being able to sharing moments together during significant 
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or meaningful activities such as cooking a meal together or eating 

together. Furthermore, they miss the small contacts (‘little 

greetings’) they would engage with while living together. 

 

 Extended the evidence of the benefits of connectedness oriented 

awareness systems over the long term. Earlier research shows a 

few examples of such systems but they were mostly for shorter 

duration.  

6.3 Research Methodologies 
This thesis has been predominantly research through design (Mackay and 

Fayard, 1997) and thus it is difficult to create a more generalizable theory. 

Instead, the solutions are embedded in the different designs and include 

decisions on many parameters at once. Therefore, to ensure generalizable 

explanations, experimental research is needed to isolate and study more 

thoroughly some of the concepts we have explored, e.g. similarity matching, 

awareness information needs, social translucence, controlling for other 

variables that may influence the acceptance of any of the technological 

solutions we have explored. 

For every research study, we used different means to collect user 

feedback. A significant amount of effort was made in field testing taking up 

a lot of time and resources. In some cases, it laboratory Wizard-of-Oz 

simulation was enough to test the hypothesis, e.g. does contextual similarity 

matching of daily activities enhance connectedness between empty nesters 

and their children. However, the only way to assess how such awareness 

systems are used over time and monitor the usage pattern beyond the novelty 

effect, is to deploy the system in the field. Field deployments should focus 

on usage and the effect patterns over time, while assessing the value, 

appreciation and risks for such systems can be evaluated in a lab setting. 

Field deployments can and will most likely bring up unexpected situations 

revealing either the limitation of technology or new use cases or value that 

the system may bring. Both were notable in the Aurama field trials.  

To complement lab-based evaluations, a partially working 

demonstrator or simulated in a video-based prototype can provide low-cost 

and valuable user feedback for quicker iterations and identify potential 

mishaps, usability or general improvements. For the Aurama experience 

trials, we used a working demonstrator in a lab-setting and used semi-
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structured interviews which proved to be very valuable in getting early 

feedback and allow for a quick and cheaper design iteration. The use of 

context mapping studies by means of a culture probe can take quite some 

effort to analyze in preparation for the interviews, but do help in sensitizing 

the users and place them in a mindset to capture inner feeling and reflect on 

the subject prior to the details interview. 

6.4 Connectedness Oriented Awareness Systems in the 

Age of Facebook 
The need for connectedness oriented communication is not new; it has 

always taken place deriving the same needs as explained in this thesis, albeit 

with different technology interventions. The interest of researchers in this 

topic has increased as a result of the availability of permanent internet 

connections and the emerging field of Ambient Intelligence (AmI). This 

results in a technology push that allows us to re-interpret and seek for new 

ways to serve a fundamental and long standing human need to socially 

connect with their loved ones. 

AmI is already a reality to a large extent. The original AmI scenarios 

envisioned a technological landscape for 2010. Many of the technologies 

dreamt of in the turn of the millennium are a reality, though some others still 

remain a dream. Some systems fitting the scope of this thesis have entered 

the market (e.g. the Nabaztag), but did not really make an impact. The 

question that arises is whether such technologies will take off, and what 

form will they take. 

Compared with when this research started, we could say that the now 

almost total penetration of Facebook and other social media are the major 

differences. Connectedness can be supported easily, with stories, daily life 

events, and ample room for self-expression and presentation, in ways and 

that had not been foreseen. And while not all seniors are Facebook users 

now, we can easily expect that the cohorts of users entering the life stages 

studied in this project (frail elderly and empty nesters and their adult-

children) will be versed with Facebook use.  

Another trend we observe is the trend towards the Quantified Self and 

Personal Health informatics, which have commoditized a lot of the 

experimental health monitoring technologies that we have used for the first 

and second generation of Aurama. This trend will make the whole venture a 
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lot more feasible to implement without major infrastructure investments in 

the homes of the elderly. 

A very salient current trend concerns the use of wearable for self-

tracking, which very often are connected to social media.  Sharing self-

tracking data over social media could be a practical surrogate to the 

awareness systems explored in this thesis. For example, MatchMaker could 

be realized using a smart watch to issue notifications whenever two parties 

are engaged in a similar activity. It may even be easier to exchange subtle 

messages via a smart watch. Contrary to ambient information displays, 

wearable appliances that provide notifications are likely to be perceived as 

more intrusive, sacrificing the blending in to the physical environment for 

ubiquity of access.  

It is thus expected that connectedness oriented awareness systems 

would enter the market soon and large communities of users would emerge. 

We can also expect that these systems would be technically different using 

more ubiquitous and unobtrusive, and more accurate sensing technologies, 

and the user interfaces would most likely look different too. For instance, we 

could imagine a case of many stand-alone devices supporting different 

aspects of self-measurement, e.g. sleep, weight, etc. using some of the 

technologies that do that already (e.g. Fitbit) and integrating them in cloud 

based services such as Microsoft Health Vault. Systems like the ones 

discussed in this thesis could appear in the market as peripherals that display 

some information mined from social media and the intertwining with explicit 

media could happen within the related social media.  

Special purpose display devices, can take the idea of a peripheral 

displays further than the frame of a digital picture frame. For example, 

internet controllable lighting systems could be used to display the awareness 

cues, using products such as the Philips Hue. In fact, research has shown the 

value of colored auras to enhance the telephony experience (Peregrin et al., 

2009).  

6.5 Future Research Challenges and Directions  
We explored how social translucency could further strengthen the 

acceptance of a connectedness oriented awareness system. Although the 

SoPresent device was evaluated positively by users, further field testing 

would be necessary to uncover how this device can be embedded in the daily 
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living and communication patterns of its users. The MatchMaker system was 

tested in the Philips ExperienceLab (a simulated home-lab environment) 

(Ruyter et al., 2007). Future research will explore how the general concept 

of similarity awareness is experienced in real life. For this purpose, further 

development is needed on sensing technologies to support similarity 

detection, and long term field studies to examine the appropriation of related 

technologies and their embed-ding in existing communication patterns and 

to verify whether the anticipated benefits regarding connectedness and social 

presence are actually experienced and valued in real life situations. 

In Chapter 3 it was discussed how Aurama can support further 

engagement between elderly and their children via a complementing tangible 

aspect, i.e. explicitly sharing emotional information to the other party. 

However, it is still not enough to engage children to constantly or frequently 

use the system. Further connectedness mechanisms should be the primary 

focus of such connectedness oriented awareness systems, while the 

wellbeing information only stays in the background. The field trials of the 

Aurama awareness system revealed that end-users would like to know if and 

when the remote party is receiving awareness information of them, e.g. 

children accessing detailed wellbeing information of their parent, and thus 

informing the parent that their child is viewing their information. This would 

trigger more confidence to elderly parents that their children are involved 

and keeping an eye on them. However, feelings of obligations may arise as a 

consequence.  

An interesting, yet underexplored domain, is the combination of 

connectedness oriented awareness systems as we explored it, with wearable 

sensing and social media. For example, how we could leverage wearable 

sensors to provide much richer contextual information. The use of social 

media can complement the connectedness oriented communication between 

remote parties. However, further privacy mechanisms and user acceptance 

models would need to be explored to identify the success factors of 

combining social media, wearable and contextual sensing. 
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Appendix 

Appendix A: Questionnaire used during focus groups 

 

Information Requirements: Health Status 

We can regularly inform you about the general status of your parents’ health. For 

example: 

Your father is in good health today or Your father is not physically well today 

Do you want such information? 

I really don’t want it I really want it 

1 2 3 4 5 

 

 

We can also regularly inform you about the detailed information about the health 

status of your parents. For example: 

 Your father is in a good health status today. He went to bed at 10:00pm last 

night  and woke up at 6:00am this morning. He had his breakfast at 7:30am. His 

heart rate and blood pressure are all normal. He has taken his medications. 

 

Do you want such information? 

I really don’t want it I really want it 

1 2 3 4 5 
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What type of details do you want to include in this report? Please rate: 

Information type I really don't want it I really want it 

Disease-specific measurements 1 2 3 4 5 

Falls 1 2 3 4 5 

Emergency 1 2 3 4 5 

Food intake 1 2 3 4 5 

Medications 1 2 3 4 5 

Mood 1 2 3 4 5 

Nap/rest during the day 1 2 3 4 5 

Sleep at night 1 2 3 4 5 

Vital signs (e.g., heart rate) 1 2 3 4 5 

Water intake 1 2 3 4 5 

Weight 1 2 3 4 5 

Visit to hospital 1 2 3 4 5 

Mobility (i.e. how mobile they 

are) 

1 2 3 4 5 

Others (please specify): 1 2 3 4 5 
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Information Requirements: Daily Activities 

We can regularly inform you about the general status of your parents’ Activities of 

Daily Living. For example: 

 The Activity of Daily Living of your mother today is normal or Your mother 

didn’t have the same amount of exercise as usual 

 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

We can also regularly inform you about the detailed information about ADLs of 

your parents. For example: 

 Your mother practiced Tai Chi from 7:00am to 8:00am. She prepared lunch 

at 11:00am and have lunch at 12:00pm. She didn’t leave home in the afternoon. 

 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 
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What type of details do you want to include in this report? Please rate: 

Information type I really don't want it I really want it 

Bathing 1 2 3 4 5 

Daily activity schedule 1 2 3 4 5 

Dressing (i.e., clothing) 1 2 3 4 5 

Meals 1 2 3 4 5 

Exercise 1 2 3 4 5 

Housework (e.g. cleaning) 1 2 3 4 5 

Prepare meals 1 2 3 4 5 

Toilet use 1 2 3 4 5 

Family finances 1 2 3 4 5 

Physical location at home 

(kitchen, bed, garden, etc). 

1 2 3 4 5 

Others (please specify): 1 2 3 4 5 

 

 

Information Requirements: Information and Entertainment 

We can regularly inform you about the general status of your parents on 

information and entertainment. For example: 

 Your father read the newspaper today or Your father watched TV today. 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 
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We can also regularly inform you about the detailed information of your parents on 

information and entertainment. For example: 

 Your father read the Eindhoven Dagblad in the morning and watched the TV 

programs on news channel and movie channel from 7:00pm to 9:30pm. 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

What type of details do you want to include in this report? Please rate: 

Information type I really don't want it I really want it 

Listen to radio (news) 1 2 3 4 5 

Play games (cards, chess, etc) 

with friends face to face 

1 2 3 4 5 

Play games (cards, chess, etc)  on 

PC or Internet 

1 2 3 4 5 

Read newspaper or books 1 2 3 4 5 

Watch TV 1 2 3 4 5 

Internet surfing 1 2 3 4 5 

Going to the park 1 2 3 4 5 

Others (please specify): 
1 2 3 4 5 
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Information Requirements: Social Contact 

We can regularly inform you about the general status of your parents on social 

contact. For example: 

 Your father contacted his friends today or Your father chatted with the 

neighbors today. 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

We can also regularly inform you about the detailed information of your parents on 

social contact. For example: 

 Your father chatted with neighbors in the morning for about 30min, and he 

called two friends in the morning, each lasted 10min and 6 min respectively. 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

What type of details do you want to include in this report? Please rate: 

Information type I really don't want it I really want it 

Chatting with neighbors or 

friends 

1 2 3 4 5 

Written messaging 1 2 3 4 5 

Phone calls 1 2 3 4 5 

Visits 1 2 3 4 5 

Contact with relatives 1 2 3 4 5 

Others (please specify): 
1 2 3 4 5 
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Information Requirement - Outdoor Trips 

We can regularly inform you about the general status of your parents’ outdoor 

trips. For example: 

 Your mother went to shopping today.  

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

We can also regularly inform you about the detailed information about outdoor 

trips of your parents. For example: 

 Your mother went to the open market in the morning and the whole trip took 

about 30 min to walk.  

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

What type of details do you want to include in this report? Please rate: 

Information type I really don't want it I really want it 

Presence at home 1 2 3 4 5 

Car/bus trips 1 2 3 4 5 

Shopping 1 2 3 4 5 

Walking distance 1 2 3 4 5 

Physical location 1 2 3 4 5 

Destination 1 2 3 4 5 

Others (please specify): 
1 2 3 4 5 
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Information Requirements - Living Environment and Security 

We can regularly inform you about the general status of your parents’ living 

environment and security. For example: 

 The weather at your parents’ city is good, usage of home electronic devices 

and gas are normal.  

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

We can also regularly inform you about the detailed information about living 

environment and security of your parents, for example: 

 The weather at your parents city is sunny, 28
o
C the highest, 18

o
C the lowest, 

breeze in the afternoon. Usage of electricity is 2kWh and 2.1 m
3
 for gas. 

Do you want such information? 

I really don't want it I really want it 

1 2 3 4 5 

 

 

What type of details do you want to include in this report? Please rate: 

Information type I really don't want it I really want it 

Weather of town 1 2 3 4 5 

Home temperature 1 2 3 4 5 

Noise around home 1 2 3 4 5 

News in home town 1 2 3 4 5 

Usage of electronic devices 1 2 3 4 5 

Usage of natural gas 1 2 3 4 5 
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Usage of water 1 2 3 4 5 

Air quality 1 2 3 4 5 

Doors and windows status 1 2 3 4 5 

Others (please specify): 
1 2 3 4 5 
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Appendix B: Inclusion of Self 

Geef aan welke van de onderstaande plaatjes het beste weergeeft hoe u uw 

relatie met uw dochter de afgelopen 25 minuten ervaart. 

 

 

 

 

 

  

           

      

  
Ik Dochter      Ik Dochter    Ik Dochter 

Ik Dochter Ik Dochter 

Ik Dochter 

Ik Dochter 
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Appendix C: Social Connectedness questionnaire 

Onderstaande vraag en stellingen hebben betrekking op de beleving van uw 

relatie met uw moeder in de afgelopen 25 minuten. 

Geef aan welke van de onderstaande plaatjes het beste weergeeft hoe u uw 

relatie met uw moeder de afgelopen 25 minuten ervaart. Geef aan in 

hoeverre u het eens bent met iedere stelling. 

 

Hele

maal 

mee 

oneen

s 

Mee 

oneens 

Enigszins  

mee 

oneens 

Niet  mee 

eens / niet 

mee 

oneens 

Enigszins  

mee eens 

Mee eens Hele

maal 

mee 

eens 

De afgelopen 

25 minuten 

weet ik wat 

mijn moeder 

aan het doen 

is. 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat 

mijn moeder 

weet wat ik 

aan het doen 

ben. 

O O O O O O O 

De afgelopen 

25 minuten 

weet ik hoe 

mijn moeder 

zich voelt. 

 

 

O O O O O O O 
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De afgelopen 

25 minuten 

heb ik het 

gevoel dat min 

moeder weet 

hoe ik me 

voel. 

O O O O O O O 

De afgelopen 

25 minuten 

voel ik me 

verbonden met 

mijn moeder. 

O O O O O O O 

De afgelopen 

25 minuten 

weet ik wat 

min moeder 

voelt. 

O O O O O O O 

De afgelopen 

25 minuten 

voel ik me, 

hoewel we niet 

bij elkaar zijn, 

toch "samen" 

met mijn 

moeder. 

 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat 

mijn moeder 

vaak aan mij 

denkt. 

O O O O O O O 
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De afgelopen 

25 minuten 

ben ik me 

vaak bewust 

van mijn 

relatie met 

mijn moeder. 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat ik 

ervaringen 

deel met mijn 

moeder. 

O O O O O O O 

De afgelopen 

25 minuten 

denk ik vaak 

aan mijn 

moeder. 

O O O O O O O 

De afgelopen 

25 minuten 

weet ik wat 

mijn moeder 

denkt. 

O O O O O O O 

        

De afgelopen 

25 minuten 

heb ik het 

gevoel dat 

mijn moeder 

weet wat ik 

voel. 

 

O O O O O O O 
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De afgelopen 

25 minuten 

heb ik het 

gevoel dat 

mijn moeder 

weet wat ik 

denk. 

O O O O O O O 

De afgelopen 

25 minuten 

voel ik een 

hechte band 

met mijn 

moeder. 

 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat ik 

veel gemeen 

heb met mijn 

moeder. 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat 

mijn moeder 

erg 

geïnteresseerd 

is in wat ik 

denk en voel. 

 

 

O O O O O O O 
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De afgelopen 

25 minuten 

voelt mijn 

relatie met 

mijn moeder 

oppervlakkig. 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat ik 

op dezelfde 

golflengte zit 

als mijn 

moeder. 

O O O O O O O 

De afgelopen 

25 minuten 

heb ik het 

gevoel dat 

mijn moeder 

mijn interesses 

en ideeën 

deelt. 

O O O O O O O 
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Appendix D: Social Presence questionnaire 

 

 

 

 

 

 

Op de volgende pagina’s vindt u een aantal vragen over de ervaring 

die u de afgelopen twintig minuten heeft gehad tijdens het doen van 

de activiteiten.  

 

Er zijn geen goede of foute antwoorden, het gaat om uw persoonlijke 

mening.  

Probeer niet te lang na te denken over de vragen, maar probeer op 

uw eerste indruk of gevoel  

af te gaan ook wanneer sommige vragen ongebruikelijk overkomen. 
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1. Hoe vaak had u het gevoel een duidelijk idee te krijgen van de 

activiteiten van uw verwante? 

 

Nooit 1 2 3 4 5 6 7 Altijd 

 

2. Hoe vaak herkende u de activiteit van uw verwante? 

 

Nooit 1 2 3 4 5 6 7 Altijd 

 

3. Hoe vaak had u het gevoel dat u samen een activiteit deelde met 

uw verwante? 

Nooit 1 2 3 4 5 6 7 Altijd 

 

4. Hoe vaak had u het gevoel dat u sociaal gezien samen was met 

uw verwante? 

 

Nooit 1 2 3 4 5 6 7 Altijd 

 

5. Hoe vaak had u het gevoel daadwerkelijk een ontmoeting te 

hebben met uw verwante? 

 

Nooit 1 2 3 4 5 6 7 Altijd 
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6. Hoe vaak leek het alsof uw verwante en uzelf samen waren in 

dezelfde ruimte? 

 

Nooit 1 2 3 4 5 6 7 Altijd 

 

7. Hoe vaak had u het gevoel te weinig informatie van u verwante te 

krijgen? 

 

Nooit 1 2 3 4 5 6 7 Altijd 

 

8. Hoe sterk was u bewust van de afwezigheid van uw verwante? 

 

Nooit 1 2 3 4 5 6 7 Altijd 

 

9. Had u het gevoel dat uw verwante zich alleen zou voelen? 

 

Nooit 1 2 3 4 5 6 7 Altijd 
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Omcirkel bij elk van onderstaande vragen het getal dat het beste past  

bij uw persoonlijke beoordeling van de afgelopen sessie.  

Nogmaals, denk niet te lang na over onderstaande vragen.  

Het is belangrijk dat u uw persoonlijke mening weergeeft. 

10.       

Onpersoonlijk 1 2 3 4 5 6 7 Persoonlijk 

11.  

Ongevoelig 1 2 3 4 5 6 7 Gevoelig 

12.  

Asociaal 1 2 3 4 5 6 7 Sociaal 

13.  

Koud 1 2 3 4 5 6 7 Warm 

14.  

Doods 1 2 3 4 5 6 7 Levendig 

15.  

Saai 1 2 3 4 5 6 7 Interessant 

16.  

Afstandelijk 1 2 3 4 5 6 7 Dichtbij 

17.  

Niet 

emotioneel 

1 2 3 4 5 6 7 Emotioneel 

18.  

Ontoegankelijk 1 2 3 4 5 6 7 Toegankelijk 

19.  

Niet reactief 1 2 3 4 5 6 7 Reactief 
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20.  

Onnatuurlijk 1 2 3 4 5 6 7 Natuurlijk  

 

21. Vond u de interactie met elkaar via het systeem boeiend? 

Zeer saai 1 2 3 4 5 6 7 Zeer 

boeiend 

 

22. Voelde u zich bekeken? 

Nooit 1 2 3 4 5 6 7 Altijd 

 

23. Hoe vaak was uw aandacht gericht op het photoleistje? 

Nooit 1 2 3 4 5 6 7 Altijd 

 

24. Zou u thuis gebruik willen maken van zo’n systeem als dat 

verkrijgbaar (en goedkoop) was? 

Zeer zeker 1 2 3 4 5 6 7 Zeer zeker niet 

 

25. Kunt u uw keuze van de vorige vraag toelichten? 

 

26. Wat vond u positief aan het systeem? 

 

27. Wat vond u negatief aan het systeem? 

 

28. Wat zou u willen veranderen aan het systeem?  

 

29. Welke informatie over/van uw verwante/situatie miste u? 
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Summary 

Connecting intra-family generations with 

ambient intelligent systems 

In today’s society, families are burdened by separation due to studies, work, 

hospitalization, or are split when offspring start new households far from 

home. Distant family members often struggle to stay connected and may 

even fall out of touch. This thesis discusses applications of Ambient 

Intelligence (AmI) technology to address the need of families to stay in 

touch and connected. 

 

Ambient Intelligence (AmI) refers to electronic systems that are sensitive 

and responsive to the presence of people. Specifically we concern ourselves 

with technologies that are often referred to as ‘awareness systems’ to 

indicate that their primary purpose is to help people build and maintain 

awareness of others over time rather than a goal-oriented and efficient 

information exchange. The motivation for doing so is that sharing 

information about each other’s local context stimulates feelings of social 

connectedness between people, addressing fundamental social and emotional 

needs. 

 

The overarching thesis put forward is that connectedness oriented awareness 

systems in ambient intelligent environments can support social 

connectedness between remote family members.  

 

The thesis examines people’s needs for awareness of family members and 

presents the design and the evaluation of connectedness oriented awareness 

systems designed to support intra-family and inter-generational 

communication. Specifically these systems were designed to connect parents 
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and their children who have recently moved out of home (empty nesters), 

and seniors living alone and their adult children.    

 

The affective communication needs of adult children and senior parents were 

identified through contextual interviews (at their homes) and focus groups in 

a home-lab setting. The main outcome of this research was to establish and 

substantiate the need of adult children to be informed in a subtle way 

regarding long term trends of their parent’s wellbeing. Correspondingly, a 

connectedness oriented awareness system was designed that displays long 

term trends of key wellbeing parameters and provides awareness using 

ambient lighting. Extended field studies involving four pairs of adults and 

their elderly parents demonstrated the value of such technology. 

 

A first field study revealed opportunities to enhance the connectedness 

oriented awareness system by communicating on social and positive aspects 

of daily life. A system was designed and tested in a user centered manner. 

Empirical field studies of up to 6 months showed the value and need for a 

symmetrical awareness system between seniors and their children, while 

intertwining implicit awareness of wellbeing with explicit but lightweight 

communication of emotions.  

 

Looking at a different pair of generations, that of empty nesters and their 

(typically teenaged) children, a contextual mapping study was first 

conducted with these target user groups. As a result of the contextual 

research, we looked at specific mechanisms of enhancing social 

connectedness of dispersed family members by prompting serendipitous 

moments of similarity. This concept was exploited using an ambient 

intelligent system providing awareness to both parties whenever meaningful 

activities are happening at the same time on both sides. An experiment was 

conducted that confirmed the positive effect of similarity matching upon 

connectedness between the individuals the system connects. 

 

The thesis further explores ways to further enhance social connectedness in 

such ambient intelligent systems, and the concept of social translucence is 

explored. This work ends with a set of guidelines for the design and 

evaluation of connectedness oriented awareness systems in ambient 

intelligent environments.  
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