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Abstract 
Advances in communication technology have led to the growth of what is called 

Ambient Intelligence (AmI). AmI refers to an environment which is intelligent and 

has advanced computing, networking technology and specific interfaces. It is aware 

of the specific characteristics of human presence and personalities, takes care of 

what people need and is capable of responding intelligently according to different 

activities, and even can engage in intelligent dialogue with the user [1]. Variability 

of location and system behavior is a central issue in AmI, where behavior of 

software has to change and re-adapt to the different location settings.  

 

AmI refers to an environment that acts on behalf of humans. It is sensitive, 

contextualized, responsive, interconnected, transparent, and intelligent. This 

environment is coupled with ubiquity of computing devices that enables it to react 

differently according to different actions, and even to take the initiative towards 

fulfilling human needs. Security, privacy, and trust challenges are amplified with 

AmI computing model and need to be carefully engineered. From software 

engineering perspective, the shift towards AmI can be seen abstractly similar to the 

shift from object paradigm towards agent one. Objects provide functionality to be 

exploited, while agents possess functionality and know how and when to use and 

offer it autonomously. Agent paradigm is suitable for implementing AmI 

considering AmI as an open complex system. Moreover, developers argue that 

agent paradigm is useful for engineering all aspects of such intelligent systems [2]. 

 

These days, the large diversity of needs in a home-based patient population requires 

complex technology. Meeting those needs technically requires the use of a 

distributed approach and the combination of many hardware and software 

techniques. Furthermore, this service should be accepted in all scales and should be 

sufficient enough to meet all the requirements. In this thesis, I study the factors 

which can affect the acceptance of AmI especially when it is used to support elderly 

people and people with dementia, and I give suggestions which can improve the 

acceptance of this technology. 
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Chapter One - Introduction 
 
This chapter will explain the background of the research study. I will start with the 
importance of the study, the developing of AmI, and location dependent software through 
time until today, and then I will show the acceptance of agents nowadays. Moreover, I 
have formulated the research question and the main aim of this research in the end of this 
chapter.  
 
1.1. Importance of the study 
Development in life requires development in information technology. This development 
should be able to cover all needed aspects in different branches of life. AmI has been 
developed recently to support people in their daily life. For instance, this technology can 
be used in malls to support customers, in university to support students, or inside houses 
to support people in their daily activities. Tons of researches have been carried out in an 
attempt to provide good services which are accepted by wide variety of people. 
 
There are many issues appear these days as challenges for future. For instance, the 
population’s ageing problem poses many challenges to the future of human society. This 
problem requires developing highly automated intelligent care which can take care of 
those elderly people. According to studies from the United Nations Population Division, 
“the number of people aged 60 years or older was estimated to be 629 million by 2002, 
and is projected to grow to almost 2 billion by 2050, or approximately 21.4% of the 
population of the world” [3]. As a result of that, there will not be enough people to 
provide care for this elderly community. In addition, it is expected that there will be a 
much larger number of older people living alone, so there is the necessity of new ways to 
provide support to them inside their houses. AmI can provide this way by observing those 
people and support them in what they need during their days. Furthermore, AmI can 
provide support to all people in different ages in a way to facilitate their life (wherever it 
is inside or outside their houses).  
 
The main aim is to provide help for people in their daily life, so they can live 
independently or have support outside their homes; this help will give them the ability to 
perform basic Activities of daily living such as dressing and eating, and will help them as 
well in all the activities related to independent living such as preparing meals, shopping, 
medication management, using the telephone, doing laundry, going out and coming back 
home. So the system should support help for people in all activities and increase the 
safety during their daily life. 
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Providing help for elderly people requires deep search in what those people need and in 
how it is possible to provide this help in an accepted way from their points of view.  
Since this thesis discusses people with dementia at some points, it is good to give some 
hints about Alzheimer’s disease which cause dementia problems.  
 
If the person got Alzheimer’s disease, it is difficult to him/her to perform familiar tasks. 
People with dementia often find it hard to complete some tasks which are so familiar, and 
usually people do not think about how to do them. A person with Alzheimer’s may not 
know the steps for preparing a meal, or he/she might cooks a meal but forget to serve it. 
 
Using an intelligent environment helps in providing care for the elderly person 
(especially for people who have dementia). This environment is an automated space that 
provides all the services for people who live inside it. The complexity of this space varies 
from one application to another. It can be simple where it gives suggestions to the user, 
and it can be complicated where it can be taught by the user [3]. However, the technology 
should be accepted in all scales, otherwise, it will be refused from the people. 
 
1.2. Ambient intelligence (AmI) today 
No one doubts that there are many challenges for any area of study. In AmI, the 
challenges are related to enhancing the usefulness of the current advances in computing 
devices and communication ubiquity. There is a lack of sufficient models, moreover, 
there is not enough experience and imagination about how the new software systems can 
exploit the new technology advances [4]. The expectation is that the new technology will 
be able to provide full control on the environment of people. In that, AmI should be able 
to support all different kind of activities that people need. The aim is to give people what 
they need transparently without they explicitly ask or even know, so the result will be that 
environment which is sensitive and responsive smartly to environment context changes 
[5]. Authors in [6] believe that agent paradigm is the right one for implementing complex 
open systems like e-commerce, enterprise resource planning, and so on. And of course, 
this agent paradigm will be the method to implement AmI in any case.  
 
The early developments in Ambient Intelligence took place at Philips (Koninklijke 
Philips Electronics N.V. (Royal Philips Electronics N.V.), usually known as Philips, is 
one of the largest electronics companies in the world, founded and headquartered in the 
Netherlands In 1998) [7].  The board of management of Philips commissioned a series of 
internal workshop to investigate different scenarios that would transform the high-volume 
consumer electronic industry from the current “fragmented with features” world into a 
world in 2020 where user-friendly devices support ubiquitous information, 
communication and entertainment. In the years after, these developments grew more 
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mature. The European Commission played a crucial role in the further development of 
the AmI vision. As a result of many initiatives, the AmI vision gained traction. During 
the past years, several major initiatives were started. Several more research projects took 
place in a variety of countries such as USA, Canada, Spain, France and the Netherlands. 
In 2004, the first European symposium on Ambient Intelligence (EUSAI) was held and 
many other conferences have been held that address special topics in AmI [8].  
 
One of the challenges that face building an AmI today is the lack of models and software 
engineering practice that help analyzing the requirements, designing the system, verifying 
and testing the implemented one. Until now, the research is in its first stages, and the 
need for suitable development methodologies has been already recognized [9]. However, 
the development of this technology is taking the end users’ point of view into 
consideration in an attempt to provide good service which has wide acceptance from 
people who are involved in the environment. 
 
1.3. Location-based software 
The location of the user is the main input of such systems. This location should be sensed 
to decide the behavior of the software. In ambient intelligent (AmI), location plays the 
most important role in deciding the behavior of the software system, and it handles the 
software variability. AmI supposed to solve problems on behave of the humans, to 
support their daily activities, and to help for interaction and collaboration among ambient 
actor and artifacts. In this case, the input is not that instructions provided by the user, 
otherwise, it is the huge amount of environment data that can be sensed, communicated, 
and reasoned about to derive more adaptable software. This point can affect the 
acceptance since people do not give special instructions, otherwise, they are just moving 
inside this intelligent environment. 
 
Software is required to behave differently when location settings change. The same 
physical location can be seen in different way according to different actors. For instance, 
the main lobby in a university can be seen as a restaurant for most students during the 
lunch time. On the other hand, it can be a reading room during another time of the day. 
Students can use the same location for eating and studying according to the day time. 
Moreover, students who are going to eat will see this environment in a different point of 
view of those who are working in it to prepare the food at the same time [41]. This can be 
the same for elderly people inside their homes. If the elderly person has the laundry 
machine in the kitchen, the kitchen can be seen as a place to do the laundry and as a place 
where elderly person can take his/her meals, and this will depend on the action that 
he/she is doing inside the kitchen. 
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1.4. Acceptance of agents 
The ways that Agents interact with people are very important. For that, greater attention 
must be given to the social aspects of how to make agents acceptable to people [10]. AmI 
should reach effectiveness and safety in both human and computational environments. 
The social challenge is to ensure that agents and people interact gracefully, socially, and 
to provide reassurance to people that all is working according to plan. Agents should be 
designed in a way that fits well with how people actually work together, and the result 
should endow a smart home with some social intelligence which can create a positive 
bias in user’s perception of technology in the environment, increase user acceptance for 
AmI, and build trust between the user and the system [11]. 
 
There are many factors to build the trust between the user and the system like having 
adequate predictability and fast responsiveness to human activities [12]. Building strong 
social laws into intelligent systems help those systems to be accepted by people. Authors 
in [13] introduced the theme of social laws into the agent research community, where 
investigations have continued under two main headings: norms and policies. However, 
this technology observing people all the time, and it is taking care of their daily activity, 
so reaching acceptance of AmI applications is not as easy as gaining this acceptance in 
different kind of technology. Most of the people like privacy in their environment (for 
example: Home), and AmI somehow decreases this privacy. 
 
1.5. Problem area 
It turns out that one of the real challenges for ambient intelligence is the perennial 
problem of power. How the devices and the ever-present ubiquitous and pervasive 
infrastructure can be kept powered up? How this technology can be provided to people 
with a very good quality and with sufficient performance?  
 
Aside from prosaic but fundamental problems of power, what about the users? What do 
people actually need from the system? The system should be able to determine an 
unwanted intrusion, and inform the appropriate authorities about that. There are problems 
related to the acceptance from the users, and it is important to know if this intelligent 
environment really empowers people; if people are ignored, they will not be satisfied 
with that [17]. Some people do not prefer to use this kind of technology, for example, 
they do not want to ring up and switch on the oven or log on and set the heating and 
lighting levels for their arrival home. A real challenge is to understand how people live 
their lives and to understand how they use the spaces in which they live. So the real issue 
is to understand what the person at home wants at all or even outside homes (for 
example: in Malls). At the same time, there are technical problems remain. One example 
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can be how it is possible to construct a digital network throughout a home or any 
environment and ensure its privacy and security, and how it is possible to ensure that 
voice commands work reliably and efficiently? [17]. In other words, defining the location 
is the real challenge at the moment. 
 
The author in [18] (Julio Abascal) argued that integrated intelligent environment is the 
way to support senior and disabled users. He believes that there are barriers related to 
access diverse user interfaces with different devices and procedures. These problems 
include both, physical difficulties to handle the devices, and cognitive barriers to 
understand use procedures and navigation. So such system needs unified interfaces which 
are able to control all the appliances and services inside it. According to Abascal’s point 
of view, this will be only possible if the network technology used for smart homes is able 
to support interoperability and systems integration. 
 
Since AmI technology disappears in the background, it is important to identify, compose, 
configure, and maintain a multitude of interconnected embedded systems, each with 
different capabilities. This will help in improving the performance of the system and in 
making it more accepted from most people and users. However, when AmI is used to 
support elderly people, the system should be personalized according to them, and the 
final application should be customized to support 1 person.   

  
1.6. Research question 
This research concerns about the acceptance of Ambient Intelligent (AmI). This can be 
done by evaluating the exciting technology through investigating many factors 
surrounding this technology. Many factors can be used to study the acceptance of this 
technology wherever it is used. The concentration in this thesis is on the chosen case 
study, and the acceptance is investigated when AmI is used to support elderly people and 
people with dementia 
 
The main question of this research is 
“How can the service of Ambient Intelligent be provided in an accepted way to support 
daily life of elderly people and people with dementia?” (Elderly people perspective) 
 
The main keyword in the RQ is Acceptance and all the adopted theories should support 
the acceptance of technologies. 
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1.7. Delimitations 
Studying the acceptance of AmI can vary among different branches of life. In this 
research, the concentration is on this acceptance when AmI is used for supporting elderly 
people and people with dementia due to the case study and to the time limitation. 
Furthermore, the research concerns about end-user perspective which is elderly people 
and people with dementia and all the interviews are related to Cogknow project (the 
chosen case study), so the answers and the evaluation are related to this project. 
However, I will highlight different points of views according to literatures. Moreover, I 
have a limitation by interviewing elderly people with dementia because of my poor 
Swedish skills, but I have some feedbacks from developers and from people who work 
inside elderly community; those people have very good experience about this  
community, and they can give me very good feedbacks about how elderly people think 
and how they look at different issues in life. However, even if I succeeded to find an 
elderly person who speaks good English, I think he/she will not be suffering of dementia. 
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Chapter Two - Literature review 
 
This chapter will give an overview of what other authors think about the acceptance of 
AmI in supporting elderly people and people with dementia. This overview will depend on 
the adopted theories which will help to answer the research question. 
 

2.1. Adopted Theory 
The main keyword in the research question is the Acceptance of this technology, and I 
used 2 theories which support that. The first theory is Technology Acceptance Theory, 
and the other one is Unified Theory of Acceptance and Use of Technology (UTAUT). In 
fact, the latter is developed based on the first one, and I depended on those theories to 
study the factors which can affect this acceptance.  
 
According to [20], “Technology acceptance theory operates principally at the level of the 
individual. However, there are some key factors in the economic and technological 
environments that also play important roles”. This theory depends on Technology 
Acceptance Model (TAM), and this model has been developed originally by Fred Davis 
in 1986 [21]. Davis claimed that perceived usefulness and perceived ease of use are the 
main two parameters which impact the usage of any system.  
 
TAM is organizational based, and organization is “a social arrangement which pursues 
collective goals, which controls its own performance, and which has a boundary 
separating it from its environment” [91]. In fact, my case study is a project, and according 
to [92], a project is “a temporary activity with a starting date, specific goals and 
conditions, defined responsibilities, a budget, a planning, a fixed end date and multiple 
parties involved”. Authors in [93] mentioned the term ‘project-based organization’ where 
the organization is dynamic, flexible, has temporary arrangement, emphasizes on goals, 
and has decentralized decision making. I studied the chosen project as an instant case of 
an organization where the users of this case were elderly people and people with 
dementia, and I applied TAM on it in an attempt to reach valuable results. 
 
Fred Davis drew the view of TAM, and he mentioned in it that there are external 
variables that can explain attitudes of people toward information technology systems. 
Figure (1) (Found in [21]) shows the original TAM. 
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Figure (1), Graphical view of Original TAM 
 
The usability and usefulness of the system in this model are important factors to predict 
individual acceptance of a technology [22]. However, this model has been developed by 
many people during the time. Authors in [20] added the economic factor which can play 
an important role in affecting the acceptance of a product. For that, the cost is an 
important issue which I took into consideration when I studied the acceptance of AmI. 
Moreover, other authors extended TAM to TAM2 by concentrating on the social 
influence in accepting a technology [23].  
 
Authors in [23] were studying the acceptance of using mobile device by elderly people, 
and they developed a theory based on TAM and on some interviews with different 
stakeholders; they called the theory as Unified Theory of Acceptance and Use of 
Technology (UTAUT); they mentioned that there are some core constructs in their 
theory: performance expectancy, social influence and facilitating conditions.   
 
In my subject, the social interaction between the user and the system reflects the level of 
acceptance of AmI. Some elderly people prefer to live alone in their homes, and the 
system should be friendly with them in a way make them not feeling lonely. However, if 
the interaction is socially poor, people will refuse the system and feel uncomfortable to 
use it. The more social the system it is, the more accepted it is. Finally, if I get back to the 
previous figure of TAM, it is mentioned that there are external variables which can affect 
the attitude of the user towards using a technology. Those factors can vary from one 
technology to another and among different products. When AmI is used to support daily 
life of people, it is wide agreed that this technology breaks down the privacy of their life, 
since the system is observing the user and reacting according to his/ her behavior. The 
challenge is to make people accept decreasing of their privacy. Furthermore, this 
technology records personal data about people, so the system should be secured enough 



 9 
 

to protect those records. So I considered privacy and security as external factors which 
affect the acceptance of using AmI to monitor and support people. 
 
According to [23], the expectancy of the performance is one of the main factors to gain 
the acceptance of the system. Furthermore, the system should facilitate the life of the 
users; otherwise the user will not be excited to have the system in his/her own house.  
 
As a result, TAM and UTAUT are the theories which I depended on to give answers to 
the research questions. Those 2 theories guided me in studying different factors that 
affect the acceptance of using AmI in supporting elderly people and people with 
dementia. Furthermore, there are some external factors which differ from one technology 
to another, and between different target groups of people.  
 
My scientific work started by investigating the factors that affect the acceptance of AmI 
in supporting elderly people and people with dementia. I depended on the chosen 
framework in deciding the different factors which can affect this acceptance. TAM and 
UTAUT posted those factors which are privacy, security, human interaction, usability, 
efficiency, expectancy, and cost. Studying those factors concentrated on elderly people, 
people who are working close to them and developers since there is a strong relationship 
between all of them. Although my main target are elderly people, people who are 
working close to them have a wide experience about elderly people reaction toward such 
technology, and they can give me a reflection of the whole elderly community; on the 
other hand, developers can give me valuable information about the technical challenges 
of providing an efficient system which can be more accepted from the point of view of 
the elderly people. After studying all the previous factors, I can draw a conclusion about 
users’ attitude toward this technology, and this conclusion can help me in providing some 
suggestions to offer more accepted service in all scales. Investigating the previous factors 
depended on the literature and on the chosen case study (COGKNOW project, Helping 
people with mild dementia to navigate their day). 
 

2.2. Security and privacy 
Ubiquitous wireless networks are part of ambient intelligence, and wireless networks 
provide a wide variety of options for user access, such as WiFi and cellular systems [79]. 
The deployment of wireless local area networks (WLANs) should be done in a way that 
guarantees high speed data transmission; this deployment is considered as a 
complementary platform for wireless data communications. The aim should be providing 
intersystem roaming for maximizing system revenue as well as resource utilization. 
Moreover, authentication needs to be enforced to fully explore the potentials of portable 
devices, and to support mobility in mobile environments [79]. According to [80], 
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WLANs have flexible deployment and high data rates. These features make WLANs 
successful choice for building a network. However, the success of Ambient Intelligence 
(AmI) depends on how secure, privacy and other rights of people can be protected, and 
how people can come to trust the intelligent environment around them. 
 
2.2.1. Privacy 
Privacy is an important issue which needs to be discussed in details. AmI observes the 
user, and report all his/her movements and activities. In that, it breaks down his/her 
privacy. This fact of AmI can be a disturbing point in the life of elderly person. People 
should feel free to do what they want when they want, without any kind of control 
(whatever this control is coming from someone or from a technology like AmI) [90]. 
Many authors criticized AmI according to privacy, and many different opinions can be 
seen in their publishes attacking this technology. For instance, “feverish dream of spooks 
and spies to plant a ‘bug’ in every object” [75], “an attempt at a violent technological 
penetration of everyday life” [47]. Although some authors see this technology as one 
which breaks the privacy of people life in a violent way, there are tons of researches 
about the possibility of improving the privacy inside such environments, and about 
making people trust such systems and feel relaxed to use it.  
 
Privacy and ethics are person-dependent, culture-dependent and situation-dependent. The 
aim is to be able to build sufficient application without breaking the roles of the person’s 
life, whatever these roles are (related to personality, culture, etc). According to [89], 
privacy has many dimensions; it should empower the user by giving him/her the power to 
control his/her personnel information. The user should have the right to be alone when 
he/she wants. Furthermore, when all the sensors are attached inside the environment (for 
instance: house) watching the user, they will create a natural and social borders against 
the user. Sometimes, the user wants to send a letter or make a call in a private way in 
which he/she does not want anyone to know about, but the system is recording and 
observing him/her all the time, thus people may feel uncomfortable to move inside such 
intelligent environments.  
 
AmI could decrease the level of privacy, and some people may not feel relaxed enough to 
use this technology in their houses, however, the target users should be educated about 
how much benefits AmI can bring to them, and this makes them look to it as a help; 
moreover, the system should be designed in a way that guarantee the highest level of 
privacy to users. 
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2.2.2. Security 
There is no doubt about the importance of security in any system and there are many 
issues related to security in AmI. For instance, in health care, AmI have an access to the 
health information of the elderly person. This information can be very important in an 
emergency situation. However, some elderly people may not like to share this 
information even to the closest relatives because it is sensitive one. But the system has 
records about all these diseases and problems even if the elderly person does not feel 
comfortable with that. The aim of the system is to help those people in their daily 
activities, and save their life in case of emergency. Educating the user can help to 
convince him/her about the privacy, but it still that the system should guarantee secure 
transmission of information, so this sensitive information can be viewed by the people 
who has authorization to do that. 
 
WLAN technology appears as a key enabler of ubiquitous networking, and it is being 
extended to provide greater bandwidth, quality of service, and enhanced security. 
However, WLAN systems are not capable of providing mobility and roaming support due 
to local authorization and registration. Theses days, any user can access to the internet by 
using his /her laptop or by using portable digital assistant (PDA). However, third 
generation technology (3G) have low transmission rate and more expensive data service 
than WLANs which make it not preferable for mobile data applications compared with 
WLAN systems [80]. 
 
The challenge is to build a secure network which can help users to reach the system 
recourses in a secure way. Any network can not authorize an unknown user without 
having the identification of him/her; this may create a security breach in misusing system 
resources. The sensitive information inside the network can be attacked, and some people 
can use fake information to log in to the network. Although security issues can occur in 
both wired and wireless networks, risks in wireless domain are greater than those in 
wired networks [81]. 
 
AmI applications use mostly wireless networks; these networks should have efficient 
authentication and security protocols to protect them against acceptance of a fraudulent 
transmission. When a mobile node request information from the network, it must provide 
sufficient individual information about the user and the location. In this way, the system 
can know who is using it and where. According to [82], authentication has a great effect 
on the network security in wireless data networks. It authorizes networking access and it 
affects ongoing services. At the same time, there is a delay caused by authentication; this 
delay may cause some troubles related to packet loss and decreasing system throughput. 
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According to [83], there is something in the system called home agent which is 
considered as a router and it is responsible for keeping all the information of each node 
inside the environment. If the user is inside the environment (for example: house), the 
connection is established between the mobile device and the home agent. When he/she 
moves outside the environment, the connection should be established between the device 
and another agent called foreign agent [83]. The system should be able to guarantee a 
secure transmission of data between the mobile device and the foreign agent, and 
between the home agent and the foreign agent. All the nodes and the services obtain 
certificates from relevant certificate authorities, and these certificates are used for 
authentication between interacting nodes [85].  
 
Figure (2) (Found in [79]) shows the architecture of authentication in wireless networks. 
In this figure, each device has a permanent authentication association with the 
authentication server (AS) in its home network from which a mobile user subscribes 
services. Furthermore, access routers (AR) can be a radio network subsystem or an access 
point in WLAN. 
 
 

 
- - - - Radio link  
____ Security association 

 
 
 
 

Figure (2), Architecture of authentication in wireless networks. 
 
Authors in [86] present a system called u-house. The aim is to develop a home-based 
system that can observe the patients’ activities continuously without obtrusive devices 
being attached to them, and then transmit the data to a remote server wirelessly. Sensors 
are attached to the house in different places; they are observing the user and collecting 
data about him/her all the time. After that, the acquired data are transmitted to the home 
server by using Bluetooth network. When the home server receives the data, it sends it to 
central server via transmission control protocol/Internet protocol (TCP/IP) using 
asymmetric digital subscriber line (ADSL). The central server will save the data; later on, 
someone (doctor, nurse, etc) can check the data and analyze the condition of the patient 
without any need for physical meeting. 
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For such systems like u-house [86], many developers do not give security the priority 
when they design and develop the system. They do not consider the patient’s data as a 
sensitive one because it does not contain information about credit cards or bank accounts 
(for example) in which attackers are attracted to. ‘Man in the middle’ attack can happen 
in such systems where someone is capturing the sent data from the home server to the 
central server. Moreover, that can be dangerous, not only because of the information, but 
also the attacker can change the data, and send it again. In this case, doctors will make 
wrong estimation for the patient’s situation, and may take improper reactions. At the 
same time, the patient’s data is private date for the user, and many people will not be 
relaxed if someone stole information about their daily activities and about their diseases 
and conditions. Sending the information from the home server to the central server 
without encryption is a weak point in which attackers can use to steal information, so 
sending the data about the patient through the internet should be encrypted to guarantee a 
secure transmission. Many different security algorithms can be developed and encryption 
keys can be used between the sender and the receiver in an attempt to secure the system 
as far as the developer can. 
 
Although security and privacy issues make the system more complicated and increase the 
cost, it can improve the whole quality and create trust between the user and the system, so 
the user will be satisfied and feel more comfortable to use the system.  
 
2.3. Human interaction 
In any system, the user should feel comfortable to use it. If the system is rejected by the 
user, it will not succeed. In ambient intelligent, the system is integrated with the daily 
life, and it consists of intelligent user interfaces allowing social interaction. According to 
[87], in ambient intelligence “the real world is the interface”. Although the user knows 
that this technology have ears and eyes observing him/her all the time, he/she should feel 
free and comfortable in addressing what he/she wants when he/she needs support in his/ 
her activities. Moreover, users should move inside the environment and interact with all 
the physical objects in it in an easy way. Since this technology is working in the 
background and acting according the behavior of the person, it should be able to adapt 
dynamically to the current situation, and to all different kinds of actions. Human behavior 
can change from time to time, and AmI must have the ability to predict and to remain 
manageable and controllable. 
 
Intelligent environment knows everything about the user; weakness and strong points, 
what users prefer, what they hate, what problems they have, and so on. In other words, 
this environment knows all the characteristics about the target user. At the same time, it is 
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important to assume that there are some people in the background living with the elderly 
person (relatives, friends, etc), and those people are moving inside the environment and 
interacting with some parts of the system [87]. 
 
According to [89], the challenge in AmI is in their “social compatibility”. The behavior 
of the system should have transparency in a way that makes people able to adjust to 
changes happened inside the environment. Furthermore, AmI must meet the social 
requirements and needs of elderly people as possible as it can. In this way, it will be 
possible to build a relationship with a computer that is perceived as a social actor. The 
matter is not only adding personality characteristics to computers, but also being 
influenced and affected by the different actions which happen during communicating 
with people [28]. 
 
2.3.1. Personal control 
In AmI, many objects are embedded inside the environment, and it is up to the user to 
choose the level of dependence on those objects and devices. The level of control varies 
according to the application. Furthermore, the information flow should differ according 
to the level of needed security. In most of AmI applications, the elderly information is 
stored in a local database inside the house. Sometimes, this information is sent in a 
network to a local health agency to inform responsible people about the situation of the 
elderly person. However, this is done automatically without any need to provide 
instructions to the system.  
 
The design of the system should provides the needed level of control. According to [26], 
some applications have high level of control where AmI acts on behalf of the person and 
control the entire environment without waiting any kind of informing from the elderly 
person. It decides to reject a phone call, which kind of music to play, and when to stop 
and so on. Other applications give advices to the elderly person about what to do, then the 
person response in his/her way (applications which remind the user about what to do all 
the time). The last level of control is the low level where the system is waiting for 
instructions. Low control level is not capable for application used in health care for 
supporting elderly people and people with dementia. However, another kind of control 
which is system control is important to be mentioned as well. Sometimes, the system 
gives messages to the elderly person to remind him/her about doing something or the 
system behaves by itself to do special actions. The problem will be when the elderly 
person does not want a special action to be done. For instance, suppose that the system 
gives warning message to lock the door of the house after special time. If the elderly 
person did not answer to this message and locked the door, the message will be sent again 
and again. In some cases, the elderly person can be waiting for someone of his/her 



 15 
 

relatives to come to the house after that special time. The challenge is to design the 
system and to decide who can control it in different occasions. However, whatever the 
level of control is; the system should have the ability to perform some tasks in an 
emergency situation. Even if the system usually waits a confirmation from the elderly 
person about the current situation, it should be able to inform special agencies, special 
people, or act by itself in an emergency (for instance, if the elderly person stop moving 
for a long time, and he/ she is not sleeping). In that, the system can inform responsible 
people about the possibility of wrong situation happened to the elderly person, and those 
people in sequence can take special actions to help or even save him/her; so the system 
should observes the people, keeps tracks of their behavior, suggests them in their daily 
life, and informs proper people in case of emergency. 
 
Furthermore, not only the elderly person behavior can change by time, but also the 
information and data which affects the environment can be changed. For example, prices 
related to different parts of life can increase by time, or some offers can be provided from 
time to time. The information which is valid now can be useless later. However, the 
application should be flexible and adaptable to any changes which can happen, whatever 
it is related to the person himself/ herself, or related to the different factors around the 
environment. In both situation, the social interaction should be kept inside the system, 
and the user must be relaxed enough and feel comfortable whatever changes happen 
through the time. In that, AmI will achieve knowledge Sustainability, and the user will 
accept it more [89]. 
 
2.3.2. Interfaces  
Computer in AmI are perceived as a social actor, and the system should have social 
interfaces which emphasizing human-to-human communication properties, rather than 
concentrating on designing in an efficiency way. Furthermore, interaction design should 
take into account needs of friendship, emotions, personality, or even more. In general, the 
concentration in AmI is about how the environment is able to model the user needs and 
activities [88]. This ability should keeps the elderly person aware about his/her situation. 
Sometimes, the user may feels lost inside the environment, does not know to whom to 
talk, or being not able to build a friendship with the system. If the whole system interacts 
with the person in a good social way, people will trust it, and feel comfortable to use it. 

 
The interface is considered as the access point to the system. There are issues which 
should be discussed when designing the interface. First of all, it is important to know if 
the interface is accessible in an efficiency way from the elderly person’s point of view. 
Using small screens or mobile phones may prevent the elderly person from using the 
system in a proper way [27]. Some people may have vision problems which may cause 
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troubles to them when they use small objects; so the interaction between the user and the 
system will be not sufficient enough. Secondly, the interface should be as simple as 
possible in a way that makes the elderly people able to use it in an easy manner. Many 
different features should be added to the interface in a simple way. For instance, it is 
better to add pictures of people (relatives or friends) and the elderly person needs just to 
click on the picture to make a call. This will make the function of calling easier and more 
enjoyable.  
 
It is well known that different sections in the community have different abilities to 
participate in the information society [89], for instance, the way which kids deal with 
computers differs from the way which adults deals or even elderly people. Although the 
overall design can be accepted from most of the people in different ages, it is still a big 
challenge to create a universal design in AmI. The design of the interface and the 
personal control will definitely differ between applications, and it is important to take 
into consideration the target users to decide the best way in providing the interfaces, and 
the way of interaction between the user and the system. 
 
In AmI applications which are used to support elderly people and people with dementia, 
the design of the system should help the elderly person to remember what to do, and how 
to use it easily. All the icons should be organized in a proper order, obvious, and large 
enough. So the elderly person will not find it difficult to communicate with the system. 
Even if the user is trained about how to use the system, it is important to remember that 
the target people are ones who have dementia problems, and it is possible for them to 
forget about the system. Moreover, the system should communicate and talk to the 
elderly person, remind him/ her about what to do, or suggest him/her to do some special 
actions. At the same time, the elderly person should be able to response and talk to the 
system. In this way, the social interaction will be good enough to make elderly people 
trust the system, feel happy and comfortable to communicate with it, so a friendship 
between elderly people and the application will be created, and the system will be able to 
reach the user satisfaction which is the main goal for any system. Attractive and 
enjoyable design of the interface can make the application possible to be used not only by 
elderly people, but also by different people with different ages; in that, AmI applications 
for smart homes can be used in each home, and help the whole family in making their life 
easier and enjoyable. 
 
2.4. Usability 
Usability refers to how easy the system is to use. It should be involved during the design 
process to improve the ease of using the whole system. User interfaces, icons, and 
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interaction with all the objects in AmI should be provided in a way which helps the user 
to move freely and to communicate with the application in an easy manner. 
 
When usability of the system is in a high level, this will improve the value of the product 
in the eyes of end users. The most concern should be about the target users which are 
elderly people and people with dementia. Since the aim is to provide support for the daily 
life of the elderly people, it is crucial to be careful about the platforms and the interfaces 
which are used inside the system. It is not feasible to provide interfaces to elderly people 
in the same done way for young people.  
 
The assistance system will fail if it requires special skills from the elderly person to do. 
The goal is to support the elderly people in their daily life without bothering them in 
giving instructions and doing special activities during their days. Moreover, the whole 
application should be completely invisible to those people. According to [29], using 
environmental sensors is better than using sensors which are directly attached to the 
body. Although the latter can give more accurate values, it is possible to put more 
environmental sensors to collect data, and then gather this data to draw conclusions; this 
will help to hide the system in the background, does its job automatically with minimal 
human intervention, and increase the usability of it. 
 
AmI applications should act on their own behalf without explicit request from a user. 
This means that the more anticipatory the application it is, the more usable it is. 
Furthermore, the communication with the user should be done in natural way by gesture 
and voice instead of keyboard or mouse [48]. However, in some situations like mobile-
centered applications, the user has a mobile device in his hand to communicate with the 
system, or sometimes use a touch screen to choose some activities, or to react to the 
suggestions which are coming from the system. In this kind of applications, the interface 
should be very easy to be used. It should have large icons to help the people who have 
troubles in their vision; moreover, the touch screen should be sensitive enough, so the 
elderly person does not need to push the screen hardly to perform a task. Interfaces are 
provided not only to the assisted persons, but also to the medical personnel [29]. Each of 
those users has different needs from the system. For instance, many features can be added 
to the interface which is used by the elderly people like virtual animation and voice tags; 
the main aim in this interface is to avoid any kind of particular skills. On the other hand, 
the interface for medical person should provide the ability to add, delete, and update 
medical data avoiding any specific IT knowledge. According to [30], completeness and 
continuity should be provided to the interfaces. On one hand, completeness refers to the 
ability to perform any task at any moment by using the interface regardless the personal 
device which the user has (this can be a mobile phone). On the other hand, continuity 
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refers to the ability to interrupt and evaluate the internal state of the system by the user 
while using different input/output devices. The real problem in usability will be when the 
user needs to use a mobile phone to interact with the system. Some people find it not easy 
to use a mobile because of its size. For that, using a mobile phone should be an option in 
the system, and not mandatory to be used. Some voice options can be added to the 
system, in that, elderly people can say some special words to interact with the system. 
This can be done with elderly people, but not with people with dementia since it is 
difficult to them to remember well about what they have to say. 
 
The system should be able to adapt new actions without any interference from the user. If 
the application provides full control over the environment, the usability will be in a very 
good level since the user does not need to give any instructions (just move inside the 
environment), but at the same time, this will create problems in other issues like privacy 
and acceptance in general. Other kind of applications when the user needs to interact with 
system through interface or special device, some problems related to usability will arise if 
the device is small or if the design of the interface is not easy to use. The classifications 
in the system should be organized in a logical way, easy to understand, easy to deal with, 
and easy to use. In that, people will accept the system more in their daily life. 
 
2.5. Cost 
According to [19], AmI applications will improve the quality of the health care, and it 
will lead to save the cost later on. For instance, doctors will be able to review the 
personal records of elderly people and keep themselves in touch with their health 
situation from remote sites. This means that there is no need for physical meeting, or at 
least, it will reduce the need of going out to health agencies and of course save money. 
This will be especially for people who suffer from mild dementia, because this people 
need to be under observation most of the time, so they need to be in a health care agency 
quite often, but AmI can provide them intelligent environment inside their houses where 
they can stay living their normal life inside their house without any need to go out. This 
issue differs from one culture to another and from one city to another. On one hand, some 
governments provide health care agencies in most places of the city, which means that 
the elderly person does not need to take his/her car (bus or taxi) to visit a doctor, 
otherwise he/she can walk. In this situation, there is no real save for money, but in 
general, some people live in suburbs or small areas where there are no agencies, and 
some of them need to travel to see a doctor (which requires daily money). On the other 
hand, many countries all over the world provide a lot of facilities for elderly people (like 
free treatment, discounts in traveling, and so on) which can help them to save money for 
their health treatment.  
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In the whole application, AmI concerns about many different areas including clinical data 
collection, health care information provision, and therapy and assessment of elderly 
people and people with dementia. This means that there are different parts in different 
places which manage the whole applications. 
 
First, settle this technology needs a very talented team with special hardware and 
software skills to be able to create the system and to implement it in different 
environments. Many different people are included during the development process. Some 
programmers develop the agents and the software client in general, others are responsible 
for the distribution of the hardware, and the rest are to test the system and to give 
feedbacks to the developers about the performance, the needed updates, and the people 
reactions towards the whole system. The main point here that this skilled team requires a 
large budget, this budget is more than normal IT applications. Since this technology is 
still under development, any idea related to AmI should be studied carefully, and many 
researches should be involved in the process to prove the possibilities and the advantages 
of implementing such idea. Moreover, after implementing the system, there is a need to 
observe the system all the time, and update it according to the user desire and to the 
health situation of the elderly person.  
 
Second, there are many different devices inside the system. Servers, computers, hubs, and 
sensors are needed to build the whole application. Furthermore, there are more objects in 
the system to manage the data flow between the devices. So these devices will increase 
the cost of the system, and it may make it not affordable for the elderly people. However, 
this will change by time, and the device which cost special amount of money will cost 
less in future. For example, when the computers start to emerge in the markets, they were 
costing a huge amount of money, day by day, this cost decreases, and most people can 
afford to have a computer in their house these days. As a conclusion from that, the cost of 
AmI applications to support elderly people and people with dementia should decrease by 
time, and even if some people can not afford it at the moment, they will be able to do that 
in future. The important point to know is the more that a technology is complex and 
costly, the less the user is prone to accept it. 
 
Whatever the cost is, it is important to be aware about the help which is provided from 
the government in the health care domain. In most countries (like Sweden), the health 
care treatment is free, and all people have health insurance, so if AmI applications are 
considered as a health treatment for the elderly people, they can get support from their 
governments, and the system can be settled in their house without extra fees. However, it 
is early to know that because this area of technology is still ambiguous and under 
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development, and it is not possible to know at the moment about the government’s point 
of view about such applications. 
 
On the other hand, this kind of applications can be used in every house since it turns the 
house into smart and intelligent environment. At this point, the system is considered 
costly, and not all the people afford to buy the system just to have some facilities in their 
life.  
 
AmI systems are costly in general, but they can bring a great help to elderly people and 
people with dementia in saving their life and make it more enjoyable and easier. 
Furthermore, AmI prolongs their staying in their own houses. The cost is decreasing by 
time according to the fast development of technology in all aspect. However, supports 
from governments will help elderly people to have smart and save environment inside 
their houses. 
 
2.6. System Efficiency 
The system should be able to meet all the requirements of the user. In AmI, it is not easy 
to create a sufficient application since it is difficult to expect all the actions that the user 
does in his daily life, and many testing phases should be taken in an attempt to cover all 
the activity of the daily life of the elderly person. On the other hand, the system should be 
able to the support the user with minimum interference from him/her [48]. 
 
The user will trust the system more if it is efficient enough, and this efficiency will lead 
to more accepted system from the elderly people points of view. 
 
2.7. Acceptance 
Acceptance of AmI will be a result of all the above factors. It is important to ensure that 
people feel in control of the system. Moreover, the system should provide a good social 
interaction, hide complexity, take privacy into consideration, and provide accurate 
expectations. In this way, the system can be accepted by the user. However, providing all 
the previous features are not enough all the time to reach the acceptance; otherwise, there 
are many other issues which can affect human acceptance of using AmI in supporting 
their daily life. 
 
Since this technology is controlling elderly people life, choosing what article to read, 
what music to listen, and which calls to answer, those elderly people may not accept that, 
and they may feel uncomfortable to lose the control of their daily activities. Authors in 
[11] refer to how much confidence people can feel against the automated system. They 
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mentioned planes as an example; the automated system in any plane can driver it, but 
people still do not accept that and feel uncomfortable to use it. In fact, people prefer two 
pilots instead of one, so one can control the plane if the other one has some problem in 
controlling it. The idea of this example is to justify the lack of confidence about 
automations.    
 
In general, using AmI to support elderly people should meet the technical and the social 
requirements to be accepted. The technical part includes making the whole system under 
control from the technology point of view, while the social part includes providing 
reassurance to the elderly person that everything is working well and according to the 
plan of the system. Both parts are not easy to be reached, and the working should be close 
to the target user to explain him/her about the benefits of the system. However, every 
person has private activities, and unwanted activities to be remembered later. If a private 
one happens, it should stay private, and if unwanted activities happened, it should be 
eliminated from the system. Moreover, hiding the sensors which are observing the elderly 
person can help to simplify the system, and make him/her satisfied in moving freely; but 
on the other hand, it takes the elderly person far from knowing which kind of data is 
collected, and where this data is stored, and who is able to review them. So the elderly 
person should have a basic knowledge about the system; all this helps to make the user 
trusts the system, and this trust leads to the acceptance of the whole system.  
 
Many people may like to have a report about what kind of activities they did, but most of 
them do not like to have a complete detailed report. So the system should take this into 
consideration, and the agents should distinguish among private situation, unwanted one, 
and an emergency one. In sequence, security and privacy affect the acceptance, and this 
varies according to the people and the culture in general. AmI breaks down the privacy of 
people life by logging and recording personal records, but at the same time, it brings 
easier and more enjoyable life. Elderly people should be educated about how much 
benefits will come to their life by using AmI, and convince them that their private life 
will stay private and secure. Furthermore, it is important to decide which form of 
interaction should be adapted. It is not easy to have a global form which can be 
implemented in different places in the world, but it is still possible to provide a social 
form which can be accepted from most people who want to use this kind of technology in 
their homes.  
 
Platforms are important as well in changing people reaction towards AmI. According to 
[24], using mobile-centered system may help in easing user acceptance. Some people like 
to use a mobile phone to interact and communicate with the system. On the other hand, 
some problems may arise with those devices according to their small size with respect to 



 22 
 

the common weak-sightedness of elderly people. Another platform can be provided 
which is a big touch screen with easy and obvious icons to be used. In this way, it will be 
easier for elderly people to communicate with the system. However, it is possible to 
provide both platforms and the user can choose which one he/ she prefers, and some users 
may like to use both of them. Applications which provide a full control of the 
environment can be rejected from wide variety of users according to the loosing control 
from the elderly person side. Anyway, this kind of application can be useful to be used in 
supporting people who have dementia since those people do not know what to do during 
their life, and the acceptance can be eliminated since dementia people do not realize 
environment around them. However, it is good to gain the acceptance from people who 
live close to elderly people who suffers dementia (those people can be relatives live in the 
same house, or friends who visit regularly). So acceptance is up to the user, and 
developers should design the system in a way which elderly people will trust it and feel 
comfortable with it. 
 
The reality refers to the importance of AmI in changing the life, but it still important to 
remember that AmI differs from other kinds of technology in the way of acting, 
reporting, and affecting the life of people. All the above factors should be taken into 
consideration to reach the acceptance of AmI from the elderly person’s point of view. 
Although AmI have some negative points, those points can be eliminated or even 
minimized in an attempt to get the satisfaction from the target users. Moreover, 
considering all the actors who are moving inside the environment are important, and the 
approach should reaches their acceptance as well. The system which is accepted from a 
group of users can be rejected from others, so I need to study and investigate people 
reaction and conclude which features can be added to the system, and which should be 
eliminated.  
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Chapter Three - Methodology 
 
In this chapter, the procedure of the research will be presented. I will start by the main 
purpose of my research, and I will give the reader an idea about the research approach, 
research strategy, data collection, and data analyze. Finally, I will explain how I 
validated the data which I got. 
 
3.1. Research purpose 
The purpose of this research is to study the possibility of providing more accepted service 
of ambient intelligent in supporting elderly people and people with dementia. This was 
done by evaluating the exciting technology, and then giving some suggestions to provide 
more accepted system. Furthermore, this study highlighted the technical challenges which 
can affect the acceptance of the final application, and it gave expectations about future 
development.  Investigating the current models which were used in AmI, studying the 
characteristics of communication methods inside the system, and holding some 
interviews helped me to gain the purpose of this research.  
 
The study took into consideration the perspective of elderly people; and the interviews 
were with elderly people and people who are developing and testing such systems and 
who have wide knowledge of elderly people reactions against this kind of technology. 
The aim was to provide more accepted service, so people will feel relax and comfortable 
to use the system; the user’s point of view is concerned about getting more sufficient 
results and making the system easier to use. Finally, trust should be created between the 
user and the system and the user should be educated about the system. 
 
3.2. Research approach 
Different approaches to research encompass both theory and method. Two general 
approaches are widely recognized: quantitative approach and qualitative approach. 
Choosing the right approach was important to be considered, and it influenced the 
research question and the drawn conclusion [31]. The approach refers to the way which I 
used to treat and analyze the selected data. 
 
3.2.1. Qualitative research 
According to [32], qualitative approaches focus on phenomena occur in natural settings 
(real world), and they study them in all their complexity. The main aim of this approach 
is to seek better understanding of complex situation. In other words, Qualitative approach 
is used to help in understanding how people feel and why they feel as they do. It explores 
and understands people's beliefs, experiences, attitudes, behavior and interactions. 
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Furthermore, it generates non- numerical data, e.g. it can be used to give a description of 
the patient’s pain rather than a measure of pain [33]. In health care, qualitative techniques 
had been commonly used in research documenting the experience of chronic illness. 
There are many different methods used in this approach. Two common methods which 
used for collecting qualitative information are depth interviews and group discussions 
[34]. 
 
3.2.2. Quantitative research 
Quantitative research generates numerical data or data that can be converted into 
numbers. It involves analysis of numerical data [33]. This approach is an inquiry into an 
identified problem. It measures numbers, and analyzes the data by using statistical 
techniques [31]. One famous method in this approach is using surveys, and comparing 
results from those surveys to draw a conclusion. The main objective of this approach is to 
develop and use mathematical models and theories related to natural phenomena, and 
then determine whether the predictive generalizations of a theory hold true [35].  
 
3.2.3. Adopted approach 
The objective of my study was studying the acceptance of ambient intelligent (AmI) in 
supporting elderly people and people with dementia, and then gives some suggestions to 
provide more accepted system. As a result of that, qualitative approach was used in my 
study. I started by investigating this technology and to figure out the reaction of users 
about using such technology. The evaluation of the acceptance depended on how the 
technology works in real environment, so qualitative approach was the adopted approach 
of this research. 
 
3.3. Research strategy 
Strategy is about choice, which affects outcomes. It is a long term plan of action designed 
to achieve a particular goal; this goal differ according to the situation. Research strategy 
provides the over all direction including the process by which the research is conducted 
[36]. So deciding the right strategy would help me to reach the right target of the 
research.  
 
According to [37], there are five primary research strategies in the social science:  

1. Experiments: experiments are one of the many problem-solving quality tools that 
can be used for various investigations such as finding the significant factors in a 
process, or modeling the processes. It is mostly used when the form of the 
research question is ‘why’ or ‘how’. 



 25 
 

2. Surveys: survey in general is a collection of quantitative information about special 
question. It is mostly used when the form of the research question is ‘who’, 
‘what’, ‘where’, ‘how many’, or ‘how much’.   

3. Archival analysis: it is mostly used like surveys when the form of the research 
question is ‘who’, ‘what’, ‘where’, ‘how many’, or ‘how much’.  

4. Histories: It is mostly used when the form of the research question is ‘why’ or 
‘how’. 

5. Case study: This scientific strategy to research appears to be increasing in 
popularity in the area of information systems. It helps in discovery, theory 
building and theory testing, and it is mostly used when the form of the research 
question is ‘why’ or ‘how’. 

 
Each strategy has its own advantages and disadvantages. The chosen strategy depends on 
the research question. The research question of this thesis was “How can the service of 
Ambient Intelligent be provided in an accepted way to support daily life of elderly people 
and people with dementia?” So the thesis was answering question of ‘how’. According to 
[37], when the question is framed in the way of ‘how’ and ‘why’, the most appropriate 
strategy to be adopted can be experiments, histories, or case study. 
 
I adopted many strategies in my thesis in an attempt to reach the goal of this research. 
The starting point was with histories strategy; this helped me to explore the existing 
technology by studying the current models which were used to support elderly people and 
evaluate the acceptance of them. Finally, I used case study strategy to relate my findings 
and compare them to real situation. My case study was a European project called 
(COGKNOW), and the aim of this project is to help people of mild dementia to navigate 
their day. 
 
3.4. Data collection 
After designing the strategy of my research, it is time to explain how I collected the data 
to reach the goal of this thesis. According to [37], there are many different ways to collect 
data for any research; it can be done by documentation, archival records, interviews, or 
observation of the technology.  
 
The starting point of the thesis was to study and investigate the exciting AmI technology 
in supporting elderly people, so the nature of the thesis was qualitative, and I used 
documentation as the main source of data collection at this point. This helped me to 
analyze many different points of view related to diversity of people who are working in 
this branch of science. It is mentioned in [37] that using documentation to collect the data 
has advantages and disadvantages. On one hand, it can be stable (can be reviewed 
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repeatedly), exact (contains exact names and details of an event), and broad coverage. On 
the other hand, weaknesses can be in biased selectivity (if collection is incomplete) and 
have problems in access (deliberately blocked). Anyway, the main source to collect data 
at this stage was documentation. 
 
Later on, I used interviews as the source of gathering data. I held some interviews with 
people who are working in real environments to collect data regarding the acceptance of 
such systems. Furthermore, I interviewed elderly people in an attempt to get feedbacks 
from them directly. 
 
The following list of questions helped me in evaluating the acceptance of AmI in 
supporting elderly people and people with dementia; the type of questions depended on 
the person whom I made the interview with. I conducted 2 types of interviews; the first 
one was with developers where I asked about the technical challenges and the expectation 
of the system. Although the main concern in this thesis was elderly people perspective, 
developers could give me reflections about the used technology, and how it is possible to 
be developed in a way which helps to provide more accepted service from elderly people 
points of view. The second type of interviews was with elderly people or people who are 
working close to them where I asked for a feedback about the different factors which can 
affect the acceptance. In this way, I succeeded in collecting enough data which could help 
me in answering the research question. 
 
For each factor, there was a list of questions; I used the following questions, and of 
course, these questions were varied among the people and duties. 
Efficiency: 

• Which communication method is used inside the system? 
• How much is the possibility to lose the connection between two sensors? 
• What will happen if one sensor stops working? 
• What about the batteries and charging options? 
• Is the system fall into users’ current level of competency? 
• Does the system meet all the requirements? 

Privacy: 
• Do users feel comfortable about decreasing the privacy in their life? 

Security: 
• Which security protocols are used in the system? 
• Does the user need to identify himself/ herself to use the system? 
• Do elderly people trust the system and feel secure to use it? 
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Social interaction: 
• How does the user interact with the system? 
• Does the system provide social interaction with the user? 
• Is the system ethical for elderly people? 
• Which is the best level of control inside the system (high, medium, or low)? 

Cost: 
• Is the cost feasible? 
• Will people pay to have the system in their houses? 

Usability: 
• Is the system easy to be used by elderly people? 
• Is there any barrier in using the system? 

Future development: 
• Is it easy to expand the system in future for more needs? 
• Is it possible to run this system in different environments? 

Acceptance: 
• How much is the level of acceptance of such systems by elderly people? 
• Do people in the background (who live with elderly person) feel comfortable to 

live in this environment? 
 

This list of questions helped me to investigate the system, and to get a conclusion about 
how the acceptance of AmI looks like these days. And then, I was able to give some 
suggestions to provide more accepted service regarding the user satisfaction and the 
efficiency of the performance. 
 
3.5. Data analysis 
Data analysis is the process to organize and summarize data with the intent to extract 
useful information and to develop conclusions. Data analysis uses the data that was 
originally collected form different resources [38]. The strategies of analyzing the data 
will depend on the kind of data, if it is qualitative or quantitative. For instance, qualitative 
data analysis is the analysis of non-numerical data, for example words, photographs, 
observations and so on.   
 
According to [38], analyzing data should start with data reduction. In this step, I reduced 
the collected data to a level in which all the data will be related to my main question in 
the research. I used the word ‘Acceptance’ as a main keyword to reduce the collected 
data. ‘Acceptance’ included satisfaction of the user and efficiency of the performance. In 
that, the result was data related directly to what people think about using AmI in 
supporting elderly people and people with dementia. This step should not be separated 
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from the analysis, but it should be part of it. After this step, I got relevant data to my 
subject, and this helped me to draw an efficient conclusion. Since the adopted theories 
posted many different factors which affect ‘Acceptance’, the study took into 
consideration all those factors. For each factor, I picked up the data which is related to 
what elderly people feel about it, and the reduced data was about the reactions of elderly 
people towards the acceptance of those factors.  
 
The next step after data reduction was data display [38]. In this step, I took the reduced 
data and organize it in a way which helped me to draw the conclusion easily. The 
concentration in organizing the data depended again on the research question. The 
starting point was analyzing those data related to other people and authors as well as to 
interviews; what people think about this technology, what are the problems related to 
AmI, how the acceptance of this technology looks like theses days, and how it is possible 
to provide more accepted service of AmI in supporting elderly people and people with 
dementia. 
 
The last step in analyzing the data was writing the conclusion. This depended on the 
above steps, so after reducing the data and organize it in a proper way, I studied it 
carefully, and then I got sufficient conclusion which helped me in adding information 
about improving the level of acceptance of this technology. 
 
3.6. Reliability and validity 
After finishing my research, I had results and conclusions about the study. Reliability and 
validity helped me to measure those results and to add strength to the findings.  
 
Reliability in general is the ability to perform and maintain the functions of the system in 
routine or unexpected circumstances. In research, reliability refers to the repeatability of 
it [32]. This means that I had to relate my study to similar studies in this field of science 
(using ambient intelligent to help elderly people and people with dementia), and compare 
my findings to those findings related to other people. In other words, during the 
development of the final conclusion, I got some results which should be similar to the 
results of other studies. In this case, the research will be reliable [32].  For instance, when 
I discussed using AmI for smart homes, I refered to the strong and weakness points in 
this technology. My results in this stage were somehow similar to the results of people 
who were studied that before.  
 
On the other hand, validity refers to the degree to which a study supports the intended 
conclusion drawn from the results. It is usually based on experiments [40]. I was 
collecting data from many different resources; this data was used for both drawing 
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conclusions and backing up the own results [32]. It is mentioned in [32] that when results 
need to be validated, it is possible to use feedback from others. In this way, I needed to 
publish my results to some specialists who are working in real AmI environments, and 
asked about their opinions about my findings. Moreover, asking users was a good idea to 
get feedbacks which helped me to validate the results. Interviews helped me a lot in 
validating my result by discussing that with professional people who are working in real 
environments. According to [37], many different tests can be done to ensure the quality 
of the research: 
 

• Construct Validity: the measurements are done by using multiple sources of 
evidence, and by reviewing previous case study reports. Since the data came from 
previous studies related to my subjects, it can be guaranteed, and I depended on 
this test to validate my results. 

• Internal validity: it occurs in the data analysis phase of research, and it can be 
only applied for explanatory not for descriptive or exploratory studies [37]. In my 
thesis, I was investigating the exciting AmI technology in supporting elderly 
people, and then give suggestions to improve the level of acceptance, so I did not 
take internal validity into my consideration. 

• External Validity: it tries to make a generalization of the results of a study. This 
means that the output should applicable in multiple situations. This is important 
because the results should be global and suitable for different environments. 

 
The important point was to keep in my mind that the drawn conclusion should be truly 
warranted by the collected data, and it can be generalized [32].  
 
As a result, I used other literature to validate my results, and I held some interviews with 
people who have a good experience in this branch of science in an attempt to reach to 
validate results. 
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Chapter Four - AmI requirements 
 
This chapter concerns about the requirements to implement AmI. Good design of this 
structure will help to create ethical applications which can be more accepted by people. 
In the end of the chapter, the whole picture of the system will be drawn. In that, I can 
relate the different factors which affect the acceptance of AmI. 
 
4.1. The infrastructure  
The assisting application requires precise people location information. This information 
will be the input of the application, and the output will be the action that the system will 
adopt to deal with the situation. It is mentioned in [57] that ambient intelligent 
applications composed of dynamic and static models. On one hand, static models will be 
to the user, environment, and the tasks. Those models will be identified in advance 
according to specific parameters. On the other hand, dynamic model is based on reactive 
agents who behave according to the status of the environment. Many different agents 
should be designed to control the behavior of the elderly person or the person with 
dementia. Moreover, those agents should be able to inform the person about what he/she 
should do in case of wrong behavior, or inform the responsible person what is wrong 
when the target people are ones with dementia. 
 
The whole application should have many features that make it sufficient and efficient 
enough to perform well. It should be able to both collect the requests from users and react 
in an effective way. The communication and the activities must be adapted in a way that 
the user can handle and understand [58]. Furthermore, the storing of sensitive information 
about the user should be erased when it is no longer necessary. This will make the 
application ethically aware [59]. 
 
Figure (3) (Found in [57]) shows the hierarchy of the agents in the system. As it is shown 
in the figure, in each ambient intelligent (AmI) application, there are many deferent 
agents with deferent responsibilities which are working together to control the 
environment. There is a main agent who starts the other entire agent and organizes the 
cooperation between them. The other agents are to recognize the user, his/her location, 
and the tasks. 
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Figure (3), Agents’ hierarchy in AmI applications. 
 
To give bigger picture of the system, authors in [57] proposed in their paper the context 
model which can be used by the intelligent application. This context model is composed 
of User model, Environment model and Task model. It enables the application to control 
the tasks inside the environment, and to solve any conflict if unexpected activity 
happened. Figure (4) (Found in [57]) shows the sharing models.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4), Sharing models for AmI applications 
 
However, for any AmI application, a collection of software and hardware devices are 
needed to cooperate together to reach the aim of the application. Evaluating the 
acceptance will give positive results if the cooperation among all the models and the 
agents are done in a proper way. Otherwise, the final outcome will not be sufficient 
enough, and the whole system should be updated to meet all users’ needs. So it is good to 
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have different agents organized in hierarchy way for different purposes. In this case, 
updating and developing of the application will be easier, faster, and more reliable. 
 
4.2. Software variability 
Recent  trends  in  software  development  show  an  increasing  request  for  variability. 
In AmI case, software will depend on the location and what actions are carried out inside 
this location. According to [42], Handling variability implies  the  need  of  delaying  
design  decisions  in  order  to  decrease  the  number  of decisions that could be 
irreversible or very expensive to rollback.  
 
Software variability is a term commonly used to represent software provided with 
different behaviors, whose variants can be produced in accordance to the stakeholders’ 
requirements and guaranteeing low costs, short time, and high quality in performance 
[43]. It is the ability of a software system to be changed, customized or configured in 
order to be easily adapted to different contexts. So the software should be reusable and 
supporting evolution [44]. The result should be distributed software architecture which 
can handle the diversity inside the system. This architecture should be able to give 
answers to many different questions related to the problem. The source code should be 
independent from the kind of middleware used, and it should adhere to the architectural 
specification. Furthermore, it is important to understand how it is possible to apply fast 
design changes when development shows design errors. The system has to select 
autonomously between the different alternatives it supports depending on the location 
settings, and the behavior of the system will differ according to different settings.  
 
It is proposed in [45] that agents can act on the behalf of the users and software agent is a 
piece of software that acts for a user or other program in a relationship of agency. Such 
"action on behalf of" implies the authority to decide which (and if) action is appropriate. 
The idea is that agents are not strictly invoked for a task, but activate themselves. An 
agent can perceive the environment where it lives, reason about it, and take decisions 
autonomously according to its beliefs. Jennings believes that the needed software should 
be agent-based, and it should provide a set of social interacting agents that together form 
a multi-agent system (MAS). So, there is a tight relation between the system and the 
agent’s paradigm. 
 
Designers should have alternatives when they build the models. Without having 
alternatives, considering location variability would be senseless. Furthermore, they 
should take into consideration where the right place and when the tight time to adopt the 
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model. During the evaluation phase, all the models should be evaluated to get a 
conclusion about the most efficient models to be adopted.  
 
For the health care, the agent model is well suited for such applications, because it is 
capable to capture the state of the patients or health providers in a quite natural way 
through what is called “Belief-Desire-Intention” (BDI) model [46]. The BDI can be 
implemented in the newly developed multi agent platform called Jadex which enhances 
the traditional BDI architectures. However, Jadex supports explicit goal representation 
and has built-in deliberation support for possibly conflicting goals.  
 
My concern in this thesis was not about the coding of such agents. Otherwise, my main 
concern was about the acceptance of this technology. The main idea here is just to give 
an idea about the software requirements and platforms which are needed for building 
such applications. In that, developers will be able to provide more accepted applications 
to the end-user. 
 
4.3. Hardware and communication technology 
4.3.1. Needed equipments 
In a location equipped with ambient intelligence (for example: room), there might be no 
need to give any instructions from the user (switches to flick or buttons to push). The user 
just need to say a word, look in a certain direction, or do an action, and the networked 
devices will respond. PDAs, microphones, cameras (stereo cameras), and other sensors 
can enable the environment to be sensitive and responsive to human actions. If a room of 
an elderly person is taken as a case study, the aim will be making this room listen to those 
people and watch what they do; those rooms which elderly person can speak with, 
gesture to, and interact with in other complex ways. The scope of such personal 
interaction will depend on where the sensors are embedded. Sensors could be installed in 
floors, for instance, to detect humans by their weight; this is can be used by parents to 
keep track of kids and keep them away from places like the pool or the liquor cabinet. 
The walls literally could have ears or heat sensors to pick up the user presence and turn 
the room lights on for him/her. The walls could also serve as video displays, conveying 
information as well as absorbing it.  
 
However, these devices should be deployed inside the house of the elderly person in an 
ethical way. Some people will prefer to hide some equipment, and others like to see them 
(sensors, receivers, and so on). And it is finally up to the user to decide what is good for 
him/her. 
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The real goal from ambient intelligence is to make computers able to live in our world, 
computers that can hear and see like human, that can understand when spoken to, and that 
can explain their actions and develop their future behavior [48]. 
 
4.3.2. Bluetooth and Zigbee: 
Bluetooth and ZigBee have much in common. They provide a way to connect and 
exchange information between devices. Bluetooth and ZigBee are both types of IEEE 
802.15 (wireless personal-area networks). However, they are two different technologies 
with different areas of applications and different means of designing for those 
applications. On one hand, Bluetooth is focused on connectivity between laptops, PDA’s, 
and the like, as well as more general cable replacement, and it uses a high data rate, high 
power consumption, and works with large packet devices. On the other hand, ZigBee is 
focused on control and automation, and it uses lower data rate, lower power consumption, 
and works with small packet devices. ZigBee networks can support a larger number of 
devices and a longer range between devices than Bluetooth [53]. 
 
To give an example, in any application, Bluetooth must rely on fairly frequent battery 
recharging, while the whole goal of ZigBee is for a user to be able to put batteries in the 
devices and forget about them for months to years. So Zigbee is better for long term 
applications. Moreover, in timing critical applications, ZigBee is designed to respond 
quickly, while Bluetooth takes much longer and could be detrimental to the application.  
Both technologies can be used as a wireless solution in a personal area network (PAN) to 
suit all types of applications within that network. This will depend on the nature and the 
goal of the network.  
 
As a conclusion, and according to [49], Bluetooth is more suitable for applications 
demanding large data transmissions, rechargeable batteries, with low density networks, 
while Zigbee is more suitable for applications with short messages and long battery life. 
Although both technologies support a certain level of mobility, it is up to the designer to 
decide which technology fits better in its application.  
 
Using wireless communication can affect the acceptance in 2 ways. On one hand, it 
decreases the number of needed cables inside the system, and the user will accept that 
more than having cables in every place inside his/her house. On the other hand, if the 
chosen communication method requires too much energy, this means that batteries need 
to be changed quite often, and the user may get bored with that. 
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4.3.3. Transmission Error Approximation (TEA) 
TEA is a method to estimate the distance between two Zigbee devices developed by 
authors in [54]. The idea behind this method is to measure and analyze statistically packet 
loss rates for approximate distance estimation. This point is helpful because the state of 
art is very important to create good and sufficient applications. 
 
According to [54], there are many reasons that make measuring the distance between two 
communication devices a technical challenge. The distance between the communication 
nodes should be estimated as accurate as possible because the functions will depend on 
this estimation. Many other methods were proposed by other authors to estimate this 
distance, time-of-Arrival (ToA), angle-of-arrival (AoA), or Received Signal Strength 
Indication (RSSI) [55] [56]. It is proposed in [54] a comparison between TEA and RSSI. 
The thesis was not concerning about the mathematical method which leads to the result; it 
just proposed the final conclusion with some explanations about that. 
 
After holding many experiments, authors in [54] found that in RSSI based methods, the 
estimated distance can be larger or smaller than the real distance; this will depend if there 
is any interruption, interference, or noise in the way which can affect the signal power. 
On the other hand, experiments show that using TEA method is better because the 
estimated distance can be only increased. The final result is that TEA method is more 
efficient for home automation.  
 
Furthermore, TEA is more secure. To explain that, I will take an example; if there is an 
alarm system for valuable items in a house and if there is an attacker who wants to attack 
the system. By using RSSI, attacker can increase and reduce the distance between the 
devices. The attack that increases the distance measure is far less dangerous than the 
attack that can reduce the distance measure. In this case, TEA is preferable because 
attackers only cause false alarm but not miss detection. 
 
Different technique can give different results, and developers should understand and 
adopt the right technique which can help to create sufficient application which is wide 
accepted by elderly people, and people around them. 
 
The above information will help developers to understand the needed technology to 
implement AmI inside houses in an accepted way. The main aim is to introduce the 
requirements which helped me to draw the whole picture of the system, so I could relate 
the different factors which affect the acceptance of AmI.  
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4.4. Supervision System 
“Most elderly, frail or disabled older people prefer to receive care in their own homes” 
[60], so the main idea is to develop a technology which can play a role in allowing 
elderly people to live an independent lifestyle in their own homes [61]. Ambient 
intelligence (AmI) can be employed to support and monitor those people in their daily 
tasks. It requires integrating many features with complex symbolic reasoning 
functionalities in a highly connected infrastructure. The aiming system is an integrated 
system composed of a multiplicity of hardware and software agents. Those agents work 
in parallel and they can be thought of as components of a single complex system, whose 
aim is to create an intelligent and supporting environment. The target users of the system 
are those elderly people whose every-day independence may be improved by such a 
monitoring infrastructure. 
 
Each agent in the system provides special services, and those services can be used and 
reserved by other agents. Authors in [61] named the collection of services provided by 
various agents by ‘super agent’. For example, suppose that the remote-visualization 
service is implemented by the combination of the camera agent and the Personal Data 
Assistant (PDA). If one of theses devices is not working, so the super agent can not offer 
the service, and the service should be put on hold. 
 
Figure (5) (Found in [61]) shows the schema of the Active Supervision Framework by 
integrating the services provided by a stereo-camera and a CSP-based execution monitor. 
In this way, Active Supervision Framework is capable to monitor the elderly person in 
his or her domestic environment. The stereo-camera is coupled with the execution 
monitoring module. They are working together to provide the service of monitoring the 
environment. The camera observes the environment and collects information. This 
information can be processed by the CSP (Constraint Satisfaction Problem) based 
execution monitoring module. This module tries to recognize the activities of the elderly 
person. The loop is closed through the output of the execution monitoring service, which 
can deliver suggestions, activate alarms and other such signals (this will depend on the 
collected information). 
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Figure (5), Active Supervision Framework.  
 
It is shown in the figure that the connection between the localization and tracking system 
and the execution monitoring system is done by what is called in the figure by Event 
Manager. The duty of this component is to arbitrate the service requests of the various 
agents. Event Manager orchestrates the flow of information to and from the services; the 
main duty of it is to maintain the global system consistency [61]. Moreover, it provides 
an interface for management components to access those architecture specific events 
[62]. This interface contains all operations needed for enabling event-based 
communication [63]. In other words, Event Manager is the component that causes the 
highly cooperative among the agents inside the system. 
 
The above integrated system provides supervision for the environment. To give an 
example, if the elderly person took his lunch, and he/she did not take his/her medicine 
after it (he/she forgot). The system should notice that by observing the environment, and 
it should react in a way that can remind the person about his/her medicine. The reaction 
can be starting an alarm, or at least give a voice message through speakers to remind the 
person about the right action that he/she should take. 
 

4.5. People Localization and Tracking System 
In this module, many components will be used to provide information to the overall 
system. The aim is to detect special events about elderly people and people with 
dementia, and the module will export many other services. According to [61], those 
services can be “photo, where is, which pose, how long in a pose, how long here, how 
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many people, what activity”. These services will provide very important information for 
the agents in order to assess the current situation in the environment and to take decisions 
about changes that are required. For instance, when the elderly person poses in one 
situation for a long time, he/she may have a problem, and an action should be taken to 
react to that. At the same time, maybe he/she is sleeping. For this, localization and 
tracking system should be able to recognize the situation if it is bad or normal. 
  
Many problems can appear regarding this issue. For instance, when there is more than 
one person moving inside the environment, the system has to be able to recognize 
between those different people, some people may walk close to each other, or some of 
them may leave the environment and enter again after some time, so the system should be 
able to recognize that [64]; this can happen if the aim is to apply such applications in a 
health care agency when there are many elderly people live together in one environment. 
Moreover, when there is large environment, the problem is that the system should take 
into account the noise created by the motion of the people inside the environment [61]. 
As a result, the larger the environment is, the more noise it contains, and the more 
complex the system is.  
 
Several approaches have been developed for tracking people in different applications. 
These approaches can be grouped into classes on the basis of the sensors used: a single 
camera [67] [68], stereo cameras [61] [64] [69] [70] [71] [72] or multiple calibrated 
cameras [73] [74]. However, the main concentration is on stereo cameras because they 
can create 3D position of the elderly person. Although using multiple calibrated cameras 
can help in viewing any object from many sides, it is still difficult to set up such system 
[64].  
 
The components inside the system need accurate settings in order to work well. All the 
images which are coming from the cameras are managed by an agent. According to [61], 
this agent is called stereo camera Agent. The architecture of the software to manage that 
is proposed in [61]. They mentioned 3 modules which are working in sequence in order 
to localize and track the people inside the environment: 

• Foreground/ background segmentation: this module works on distinguishing the 
people from the background. In general, cameras will take images for the whole 
environment, and the system should track the person rather than other physical 
objects (for example: table). The main idea behind this module is to distinguish 
animated objects from unanimated ones. This can be done by depending on the 
fact that animated objects change their shape even if they are still in a place. 
Therefore an analysis of the edges of an image is sufficient to identify if it is an 
image of a person or an image for something from the background. 
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• Stereo computation and 3D segmentation: this module takes the foreground 
(image of a person) and computes the 3D position of a set of points by using 
stereo algorithm. Finally, those 3D points are clustered in continuous regions. The 
aim of this module is to have a map that represents a single object in the 
environment. This map will be filtered to discard points that do not belong to the 
object. 

• Object identification and tracking: it is the last step to associate each 3D cluster of 
points to a person (this will depend on predefined values). The outcome of this 
system is the tracking of the person. 

 
Figure (6) (found in [61]) shows the three modules which the software of Localization 
and Tracking is based on. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (6), the architecture for localization and tracking system 
 
In the above figure, there is something called Kalman Filter which is an efficient 
recursive filter that estimates the state of a dynamic system from a series of incomplete 
and noisy measurements. It was developed by Rudolf Kalman [66]. 
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Two ways to track elderly person inside an environment are mentioned in [64]. The first 
one is by using markers connected to the elderly person, and the other one is by using 
video cameras. They mentioned that using cameras is more reliable that using markers. 
For instance, if markers are used, they should be connected to all clothes that the elderly 
person has which is not flexible. 
 

4.6. Execution monitoring system 
After collecting the information by localization and tracking system, the next step that the 
system will take is to react according to this information. The activities which the system 
will adopt occur within the scope of a complex set of constraints, according to [61], these 
activities are called schedules. Each schedule consists of a number of activities, each of a 
predetermined duration and requiring some resources in order to be executed. The aim of 
this system is to ensure the feasibility of those activities, taking into account what is 
happening in the real environment depending on the information which comes from 
localization and tracking service. Constraints are defined in this system, and it can be any 
kind of constraints. For instance, one activity can not start before the end of another one 
and so on.   
 
According to [66], an approach called reactive approach can be used in this system. In 
this approach, the monitoring system observe the current execution of the activities, and 
it reacts to any unexpected event that may happen suddenly by replacing the current 
action, taking another one, or stopping the activities. In this way, the system is able to 
guarantee right execution and performance of the whole application. If there is any 
problem in the execution, this system can issue warning or alarm to notify the responsible 
that there is something wrong. 
 
Figure (7), (found in [61]) shows the model of the execution monitor system. 
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Figure (7), the execution monitoring system. 
 
We can see in this model a procedure called ISES (Iterative Sampling Earliest Solutions) 
which is responsible of reactive behavior of the system in case some activities need to be 
changed in a schedule. This will depend on the flow of the information which is coming 
continuously from the localization and tracking service [76].  Furthermore, it mediates 
the constraint based module and the execution monitor. All the constraints will be defined 
in advance according to the medical requirements and real world situation.  
 
Localization and tracking people data will be sent to the CSP-based execution monitor 
which will decide which schedule (group of activities) to adopt. It is connecting at the 
same time to the core scheduling technology. This technology is connected as well to the 
constrained based representation module which contains all the constraints. Core 
scheduling technology (ISES) will observe the execution and the constraints at the same 
time, and it will give feedback to the execution monitor in case of the need to change 
some activities. 
 

4.7. The picture of AmI system 
Authors in [61] [64] [69] [77] [78] showed different models to support elderly people in 
their houses, I combined the points of view of many of them, and I added some 
components which provide the system with the ability to control the flow of the data 
which is coming from the environment. Moreover, I related the factors which can affect 
the acceptance according to the adopted theories. Next figure (Figure (8)) shows the 
whole picture of the system in AmI application when it is used to support elderly people 
and people with dementia. 
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Figure (8), the picture of the system in AmI application to support elderly people 
 
In this picture, the stereo camera observing the environment and sending the data to the 
system by using communication method like zigbee. The system collects this data and 
processes it by localization and tracking system. The output will be the tracked person. 
This information is controlled by the event manager who is mediating localization system 
and execution monitoring system. The final outcome of the monitoring system will be the 
execution of an activity; this activity will depend on the tracked data. The execution will 
give feedback to the environment. This feedback can affect the environment and again 
the system can realize new needed activity. This will be repeated in a loop, and the 
system can observe and control the environment 24/7.  
 
All the factors which the theories post to study the acceptance of this technology are 
shown in the previous figure. Studying those factors helped me in evaluating people 
reaction towards AmI when it is used to support elderly people inside their houses, and 
then I was able to provide some suggestions to provide more accepted service from 
elderly people points of view.  
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Chapter Five - Empirical study 
 
In this chapter, I will post the empirical study. I will investigate the factors which I got 
from the theories. For each factor, I will put my finding from the chosen case study which 
is Cogknow project (Helping people with mild dementia to navigate their day). 
 

The case study: Cogknow is a European project. The main aim of this project is to 
search for the needs of people with dementia in Europe, helping them to remember, 
maintain social contact, perform daily life activities and enhance their feelings of safety. 
People inside the house can interact with the system through a touch screen which 
contains the software client; this touch screen provides all the functions in the system. 
HTC touch cruise (a smart mobile phone) also has the software client, and it can be 
holed by the elderly person to interact with the system. The system mainly reminds the 
people about what to do during their days. Extra software is provided to the HTC to help 
the elderly people with mild dementia to navigate his/ her way home when he/ she go 
outside the house (to a store or visiting relatives).  http://www.cogknow.eu/  
 
The challenge in AmI is to make the system able to collect data on people’s everyday 
interactions and to quickly search large databases of that collected data, and then react 
with the appropriate action. Even if the system works in a proper way, there are many 
issues to be discussed and improved to provide more accepted service for elderly people 
and people with dementia.  
 
In Cogknow, there was a test phase last year and the results from the test show that 
people feel comfortable and enjoyable to use the system. Cogknow system observes the 
people through sensors and sends the data to a server outside the house. The main aim of 
the whole project is to create an intelligent environment inside the house to remind 
elderly people about their daily activities.  
 
To see what elderly people think about this project, I investigated the different factors 
which affect the acceptance according to TAM and UTAUT, and I conducted 5 
interviews. The interviews were as following: 
 
Interview # 1: it was with a senior citizen in Luleå. In this interview, I got feedback 
about what this elderly person thinks about the different factors that affect the acceptance, 
and how this service can be provided in more accepted way in his point of view. 
 

http://www.cogknow.eu
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Interviews # 2 and # 3: they were with people who are working close to elderly 
community and who made many tests for different projects with elderly people. In those 
interviews, people whose being interviewed gave me an idea about how elderly people 
think since they are working close to them; the feedback from them was very valuable 
since it was a reflection of a group of elderly people rather than an individual opinion.  
 
Interviews # 4 and # 5: they were with developers in Cogknow project, and they gave 
me very good information about the challenges which surround the project regarding the 
acceptance of the final product. Although my main concern was elderly people 
perspective, interviewing developers enriched my research and it added valuable data to 
my empirical study. 
 
The people whom I interviewed were: 

1. Staffan Forssberg: A senior citizen in Luleå. 
2. Lean-Anna Anderson: Package leader in the human factor analyses in Cogknow 

project. 
3. Susan Anderson: Work package leader for testing the implementation of 

Cogknow project. 
4. Johan E. Bengtsson: The scientific coordinator of Cogknow project. 
5. Josef Hallberg: The developer of indoor positioning system. 

 
For each factor which affects the acceptance of this technology, I will post my empirical 
study according to the above interviews. 
 
5.1. Security and privacy 
Security and privacy are considered as external factors in TAM which can affect the 
acceptance of the technology from end-user perspective. In Cogknow, Johan E. 
Bengtsson mentioned that the system is recording about the daily activity of the elderly 
person, and it sends this data through the web to external server by using the secure 
protocol Https.  
 
Lean-Anna Anderson thinks that elderly people do not complain about the privacy and 
security issues because they need help, and they are not looking to the system in the same 
way that young people do (people who do not need help). Susan Anderson gave me the 
same feedback about the privacy, and she thinks that both elderly people and people who 
live around them look to this technology as a help.  
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Some people like to be alone and isolated in their houses. Of course, this depends on the 
person himself/herself and on the cultural life. The general thinking of people differs 
according to the culture. After meeting some elderly people in Sweden and Finland, I 
found that most of them like to be alone most of the time, and see relatives from time to 
time. In the Middle east (my culture), elderly people like to stay living in their sons or 
daughters’ places, and it is not normal to leave the parents living alone (when one of 
them gets older, and needs someone to take care of him/her) or even in a health agency. 
Whatever is the culture, and whatever is the way of thinking of the elderly person, there 
are moments when the person does something which he/she does not want to remember 
later, but AmI is recording everything whatever is the activity is.  
 
Staffan Forssberg does not care to the privacy issue. He mentioned that he is an open 
person to everyone, and he does not have anything to hide from people, so recording his 
personal data is not a problem to him. Moreover, he agreed about sending his personal 
data through the net because he thinks that no one is interested to steal this data, and even 
if someone steals it, it is not a big deal for him because it is not that valuable data.  
 
5.2. Social interaction 
TAM2 and UTAUT are concentrating on the social influence in accepting a technology. 
It is quite clear in the theories that the social interaction is very important to make the 
final product accepted by the end-user (elderly people). Johan E. Bengtsson explained 
that people have medium level of control over the system; the system always send 
warnings and messages to the elderly person about what activity should be done next, and 
the elderly person confirms that he/ she got the message through the mobile device or the 
touch screen. If the elderly person did not take the action, the system will remind him/ her 
again. If he/ she still did not do the action, a message will be sent to one of his/ her 
relatives to warn about that. In this way, the responsible person can call to see what is 
going on (if there is something wrong). Johan explained more about the system, and he 
said that there are no emergency situations included in the project so far, but this issue is 
under discussion. Moreover, the elderly person can customize the system in the way that 
suits him/ her (music, alarms, time for special activities and so on).  
 
Interfaces in Cogknow are designed in an enjoyable and easy way to use. The system 
interacts with the elderly person by voice messages. Lean-Anna Anderson and Susan 
Anderson said that most people who use it in the first test phase feel that the system is 
friendly. However, the elderly person can not talk to the system, and he/ she can only 
confirm that he/ she got the message by pressing a button in the interface (whatever it the 
touch screen or the mobile device). Many different functions are provided in the project, 
and these functions are designed in a way to help elderly people to use them and enjoy at 
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the same time. For instance, the calling function provides the pictures of the people, and 
the elderly person just needs to click on the picture to make the phone call. All elderly 
people who used this function gave a very positive feedback for the people who work in 
the project.  
 
Staffan Forssberg thinks that the interaction is good even if he can not talk to the system. 
He does not see any need to be able to talk to the system, but he hopes at the same time 
that the system will not be too much insisting in reminding him about he needs to do. 
Furthermore, he said that his wife may get disturb in the beginning if the system is 
talking to him all the time to remind him about what to do, but he is sure that she will 
accept it by time.  
 
5.3. Usability 
Perceived ease of use is one of the main factors in TAM. When the target people are 
elderly people and people with dementia, usability of the system is very important since 
those people may have some problems in remembering how to use the system. Johan E. 
Bengtsson and Josef Hallberg said that the software client is very easy to use. The 
interface in the touch screen is organized in an easy way with big buttons to help people 
who have vision problems. All the functions are designed in a way to help people to use it 
easily and enjoyably. The music and the calling functions provide pictures to make it 
easier to elderly people to deal with them. However, the elderly person does not need to 
concern about the data flow inside the system, all what he/ she needs to do is to confirm 
that he/ she got the messages by clicking a button on the touch screen or on the mobile 
device; Johan mentioned that this mobile device is small, and some people have problem 
to use it because of its size, but it is additional, and people can use just the touch screen. 
On the other hand, if the elderly person goes outside the house, he/she needs the mobile 
device if he/she wants to use the function about navigating his/her way home. This 
function uses GPS system to guide the elderly person about the way back home. 
 
Johan E. Bengtsson says that the usability will be perfect by the end of the project. He 
mentioned just one problem related to the usability at the moment. The problem is that 
some people find it a little bit difficult to use the touch screen because they need to push a 
little bit hard. Another problem mentioned by Johan was charging the mobile device 
since it can be difficult for people with mild dementia to use the charger every day. 
 
On the other hand, Staffan Forssberg does not see using the mobile as a problem for him 
at the moment, he is using a mobile in his daily life, but he thinks that it can be a problem 
in future when he is getting older and older. 
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5.4. Cost 
Economical factor was added to TAM as a factor which can play an important role in 
affecting the acceptance of the system. For that, the cost is an important issue which 
should be studied carefully. 
 
Johan E. Bengtsson thinks that the system of Cogknow will pay for itself in about 1 year 
because it prolongs the time where the elderly person can not live in his/her own house, 
and he/she needs to go to health care house. In Johan’s opinion, the economic balance is 
very good because it is so costly for a person with dementia to live in health care house 
instead of giving him/her support in his/her house. On the other hand, Josef Hallberg 
mentioned that the needed hardware for settling the system of Cogknow in a house is 
sensors, the touch screen, home hub, and RFID tags. Even if the cost of developing the 
project is ignored, it is still costly to have the system inside the house. Johan and Josef 
agreed that the system of Cogknow is costly, but this cost will decrease by time. 
 
Staffan Forssberg prefers to pay for this system -even if it is costly- if it helps him to stay 
in his house for longer period. He mentioned that he usually draws in his flat, and he 
prefers to stay in his house and to do his hobbies in painting and drawing instead of going 
to health agency where he has to change his style of living. On the other hand, he said 
that he is interested to buy the system if he can get the mobile and the computer with it. 
However, Johan, Lean-Anna, Susan, and Staffan hope that the government will adopt this 
kind of technology, so people can get support to have Cogknow in their houses, 
especially for people who suffer from mild dementia. 

 
5.5. System Efficiency 
TAM posts perceived usefulness as a factor which can affect the acceptance of the 
system. Furthermore, UTAUT posts facilitating conditions as well. Both theories are 
concerned about the efficiency of the system in providing useful service which can 
facilitate the life of elderly people.  
 
The system in Cogknow can be personalized according to the elderly person. Johan E. 
Bengtsson and Josef Hallberg agreed that personalizing the system will make it more 
efficient. Moreover, Johan mentioned that using sensors inside the house is efficient 
because the technology has processed, and the wireless sensors can stand for over a year 
without any need for change. The only problem related to charging in Johan’s opinion is 
charging the mobile device. If the elderly person wants to use a mobile device to interact 
with the system, he/she should be responsible of charging it everyday. This issue can 
affect both the efficiency and the usability of the system. On the other hand, Johan said 



 48 
 

that the system can not distinguish between the elderly person and the other people who 
live with him/her in the same house. 
 
Staffan Forssberg did not speak in details about the efficiency since the final system is 
not ready yet. The only point which he said is that the system should not be so insisting in 
asking him what to do because this may annoy him.  
 
5.6. Related problems 
Josef Hallberg mentioned some problems related to the devices which are used inside the 
house. On one hand, the RFID tags blink which may bother the elderly person, but it is 
still possible to put them upside down, so the blinking will go down. On the other hand, 
there is a wire connection between the home hub and the RFID receiver, so the cable 
should be hided and not obvious to the viewer. Furthermore, there are some power cables 
which should be hidden as well. Josef said that the sensors are not blinking or making 
any noise, and there is no problem in deploying them inside the house. 
 
Another problem was mentioned by Lean-Anna Anderson and it is related to the touch 
screen. The problem is in the light of the screen; some people think that the brightness of 
it is too much especially in the winter when it is dark most of the time. However, Lean-
Anna said that they are discussing about screen savings, or turning off the screen light in 
the night 
 
Staffan Forssberg (a senior citizen in Luleå) said that seeing the devices inside his house 
does not bother him, but it is still better to deploy the hardware in an attractive and 
efficient way. For instance, it is not feasible to have cables on the floor where they can 
disturb him while he is walking, but having obvious sensors and cables is not a problem 
for him.  
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Chapter Six – Data analysis 
 
In this chapter, I will analyze the collected data from the interviews. For each factor 
which can affect the acceptance, I will make the analysis according to what people think 
about it in an attempt to be able to draw sufficient conclusions. 
 
6.1. Technical challenges 
The system in Cogknow contains many technical parts which are connected together to 
provide help to the elderly people with mild dementia. Many Sensors attached to different 
places inside the house to observe the elderly person, and these sensors are connected to a 
home hub which is connected to the touch screen. The important point when the system is 
deployed inside the house is to hide the equipments in a way that make the elderly person 
feels relaxed and comfortable with it.  
 
People may feel bored if the devices were obvious to their eyes. The big challenge is to 
be able to deploy the system in an ethical way which is accepted to people. The user 
should know about all the parts of the system even if some parts are hidden. For instance, 
it is not allowed to provide cameras and open video connection without the user’s 
permission. However, it is possible to use special cupboards which are designed in an 
attractive way to hide the tags and the receiver. In this way, the user will not get the 
feeling that there is something observing him/her all the time, instead of that, he/she will 
still living in his/ her normal house, and the system will observe him/her in the 
background. 
 
The number of the devices which are needed to implement the system varies from 1 
apartment to another. This number affects the cost which affects the acceptance as well. 
For example, 1 receiver can cover around 10 meters, and the system needs basically 2 
receivers for each apartment. It is still possible to use 1 receiver, but there is a risk to lose 
the connection between the elderly person and the system in some spots inside the house. 
However, it is better to improve the efficiency of the system even if the cost of the system 
will increase. 
 
Technology is improved day by day, and the devices which are used today can be 
replaced by others in future. Whatever is the type of the hardware which is used inside 
the system, it is crucial to deploy it in an accepted way to people. Hiding some parts is 
good to make people feel comfortable. Actually, good deployment will take away the 
stress which the elderly person may get because of seeing the hardware in front of his/her 
eyes 24/7. Moreover, all the cables which are used inside the system should be hidden as 
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well. Using wireless connection between the home hub and the RFID receiver is 
recommended, and it can help to decrease the number of needed cables, and this makes 
the deployment of the hardware easier. In that, elderly people will accept the system more 
in their daily life.  
 
6.2. Security and privacy 
Although the system breaks down the privacy of people, all the results show that people 
accept that and look for the system as a help. The feedback from Cogknow shows that all 
the elderly people look to this technology as a help. They agree that it breaks down their 
privacy, but they do not complain about that since this technology can help them 
especially for the long term. Elderly people do not look to this technology in the same 
way young people do since they need help and support in their life. 
 
No identification is needed to use the system because it can be difficult for elderly person 
with mild dementia to remember how to log in; anyone inside the house can use the 
software client by the touch screen. The good point is that people can not access to 
personal records through the touch screen, but it still possible to customize the system 
and change the setting from someone else (not the elderly person). Furthermore, there is a 
server outside the house which contains all the records of the elderly person, and the data 
flows from inside the house to this server all the time by simple web access through Https 
protocol. All the data is encrypted before sending, so it will be transferred in a secure 
way. However, it is still critical to create special security algorithm and add more security 
protocols to guarantee more secure transfer of data. 
 
Privacy and security do not seem as an important issue for elderly people, but it can be a 
problematic issue when people want to have such a system to facilitate their life (not as a 
help like elderly people).  
 
6.3. Social interaction 
Since the system talks to the user about what to do, people felt friendly with the system. 
The elderly person can give feedback to the system and interact with it by clicking 
buttons on the interface. The interface of the software is provided by a touch screen and 
the smart mobile device (HTC Touch cruise).  
 
Providing a mobile device helped people to move freely inside the house and to interact 
with the system wherever they are inside the house. The problem with this device is its 
small size, and for that, it is provided as additional help for people who like to use it. 
Most of the system’s functions are provided to the touch screen and the mobile device 
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except “take me home” function which is provided just to the mobile device. “Take me 
home” is a function uses GPS system to help the elderly person to navigate his/her way 
home. When the elderly person goes out (to a store for example), he/ she can use this 
function to figure out his/ her way back home. This function is still under development, 
and there is a real problem with the walking routes in the GPS navigation system since 
they have bad quality especially in small towns (like Luleå). However, for people who 
have vision problems, it is not possible to use this function since it is provided just on the 
mobile device (regarding its small size). 
 
The interface in general is designed in an enjoyable and friendly way for elderly people. 
The test shows very positive results about the interaction. During the day, the system 
sends messages to the elderly person to remind him/ her about what to do, and he/she 
clicks a button to confirm that he/ she received the message. For example, if the system 
detects that the door is not locked (after special time), it will send a message to the 
elderly person to remind him/her to lock the door. The elderly person will get this 
messages and he/she will confirm that he/she received it by clicking a button on the touch 
screen or the mobile device. If the system detects that the door still unlocked after 
specific time, it will send the same message to remind him/her again. However, if the 
elderly person did not take the action, the system will send notification to someone to 
inform about the situation. In this way, people will not feel bored to use the system. 
 
Since the elderly person uses the mobile device and the touch screen most of the time to 
confirm that he/ she received the messages from the system, adding some voice 
commands will improve the interaction between the user and the system. For instance, 
instead of clicking buttons all the time to confirm, the elderly person can say some 
special words like (ok, understand, got it, yes, and so on), and the system should be able 
to understand that he/she got the message. This will improve the social interaction since 
the user can talk to the system, as a result, elderly people feels friendlier with the system. 
Johan E. Bengtsson agrees about the possibility to improve the interaction by adding 
voice commands, but he thinks that it will be a big challenge in the project since the 
machine should be able to recognize what people say in different tones and different 
ways, moreover, the voice function should works perfectly all the time and does not miss 
what the elderly person says, otherwise the user loses so much trust in every time the 
system misunderstands him/ her.   
 
Furthermore, people who are in the background (living with elderly people in the same 
house) can interact with the system as well, and the test showed wide acceptance of the 
system from the points of view of those people. When AmI is used in an environment, all 
the people who live this environment get affected by it. But the system should be 
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customized according to the elderly person life, and the mobile device should be 
personalized in a way that supports just the elderly person. However, when the system 
sends voice messages, plays music, or starts alarms, all the people in the house hear that, 
and this can disturb them since different people have different style of living. The 
feedbacks from Cogknow project shows that people inside the house accept this 
intelligent environment, and they are looking to the system as a help since they feel safe 
to leave the elderly person alone and goes out 
 
6.4. Usability 
The whole system in Cogknow is very easy to use. People have medium level of control 
over the system, and they do not need to send instructions. The only thing that the elderly 
person should do is to confirm that he/ she received the message from the system. 
Moreover, the interface in the touch screen has large buttons, and it is organized in a way 
that makes it easy to use. People inside the house can use the different functions in the 
screen by touching the right button. In that, the system is easier to be used and more 
enjoyable for the elderly person. 
 
Many different functions are provided in the software client. For example, the calling 
function provides pictures of the people, and the elderly person just need to touch the 
picture to make the call. Furthermore, there are more functions, and all of them are 
designed in a way which makes them easy to use. Usability and interaction design are 
taken into consideration in designing all the components in this project. The first test 
phase shows wide acceptance of usability of the system from the points of view of elderly 
people. One problem related to usability was the sensitivity of the touch screen because 
some people said that they need to push a little bit hard to execute a function, and the 
only way to solve that is to make the screen as sensitive as possible, so the elderly person 
needs only to touch the screen without any need for pushing. Another problem was using 
the mobile device since the display is small. The mobile device is important if the elderly 
person wants to use the GPS system to navigate his/ her way home, but the usability of 
that have not been tested yet. However, using such function is not easy for all people, 
unless if the function provides simple method for elderly people in showing the way back 
home.  
 
6.5. Cost  
Cost is one of the most important factors which can affect the acceptance of any system. 
Even if the system is efficient and good, few people will buy it if it is costly. For that, it 
was important to investigate what people think about the cost.  
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There was an agreement that the system is clearly costly, but it is known that technology 
is being developed by time and all the technical devices getting cheaper and cheaper day 
after day, so this cost is decreasing by time. However, even if the system is costly, it is 
important to look to this issue from another side, and see what kind of services it 
provides.  
 
On the other hand, all the people who are working in the project said that there is an aim 
to get support from the government to implement this kind of systems inside houses. It is 
part of the project to work with the authority to make it officially ok to fund this type of 
systems. If the government accepted this technology as an assisting tool for people who 
have mild dementia, those people will be funded to have the system in their house, so the 
person can stay longer time in his house and not becoming a costly person (if he/she 
moved to live in a health agency). 
 
Since this kind of systems are still new, there is no detailed discussion with the authority 
on the possibility to fund elderly people if they want to have the system. However, this 
system can be as a wheelchair which elderly people can get it as a help from the 
government, but this needs to show what benefits and facilities people can get, and how 
much it is important to support elderly people with mild dementia with such system. if 
elderly people got such support, they will accept the system more to have it in their 
houses. 
 
6.6. System efficiency 
The system should support all the daily activities of elderly people. It is not easy to 
expect all the support which the elderly person needs. After implementing the system, 
there should be a test period where the efficiency of the system is tested to see if it is 
sufficient enough. However, the software client is customized according to the needs of 
the elderly person. This means that the final application should support 1 person inside 
the house; however, it can support more than 1 person if people inside the same house 
have the same style of living. On the other hand, the functions in both the touch screen 
and the mobile device can differ between different people. For example, different people 
eat their meals in different times, in addition to that, some people may need medical 
treatment, and the system should remind them about the time for their medicines. 
 
In Cogknow, the system can not distinguish between the elderly person and the other 
people inside the house. It does not seem as a big problem since the system is always 
reminding the elderly person about what to do, and it does not perform real actions inside 



 54 
 

the house. However, if the system has full control over the environment, it should be able 
to distinguish among people, and this can be done by adding face tracking to the system.  
 
Another problem which can affect the efficiency is the charging. Everything inside the 
system needs power to work. This power can be obtained by power cable or batteries. 
The real problem which can affect the efficiency and the usability of the system is 
charging the mobile device, this device which is used inside the system has the software 
client, and the elderly person can use it basically to interact with the system; in fact, this 
device consumes a lot of power, and it needs charging almost everyday. The mobile 
device which is used in Cogknow is HTC Touch Cruise, and after I tested the available 
chargers for this device, I found that both the table-stand charger and Brodit car holder 
unit are not sufficient to be used; the only feasible one is the travel charger. However, 
when the target users are ones with mild dementia, it is not easy to make them deal with 
the charging issue, and the only solution is the wireless charging which is still under 
development. 
 
The main point of the efficiency of the application is to make it deals with the elderly 
person and supports his/her daily life with minimum interference from the elderly 
himself/herself. The system should live with the elderly person, interacts with him/her, 
support his/her activities, and responds to all his/her needs. In that, the system can be 
efficient enough to facilitate and provide real help for the elderly person in his/her daily 
life. It was not possible to get a feedback regarding the efficiency from elderly people 
since the system is still under development, so the final system is not available at the 
moment. 
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Chapter Seven – Conclusions  
 
In this chapter, I will present the final conclusions of this study. These conclusions are 
based on the literatures and the empirical qualitative data analyses for the chosen case 
study (Cogknow project). In the end of this chapter, I will give some suggestions and 
implications for future work.    
 
7.1. Summery 
This technology will be changed to a trend which every one wants to have in his/her 
home. Implementing AmI in any environment turns it to intelligent one; this intelligent 
environment provides facilities and enjoyment for people who live inside it. As a result, 
AmI can be welcomed in different countries, cultures, and from different people. 
 
There are difficulties in any branch of science, and even if there are some problems 
related to AmI, these problems can be solved or even improved by time. The whole 
reaction will change, and what is problem today, it can be nothing in future. Moreover, 
new problems can appear by time, and it is impossible to get to a point when everything 
is perfect. Although there are a lot of problems and skeptical thoughts related to AmI, it is 
a matter of time to make people understand and accept all the aspects related to it. 
 
The research question of my thesis is “How can the service of Ambient Intelligent be 
provided in an accepted way to support daily life of elderly people and people with 
dementia?” and I adopted 2 theories to answer this question; the first one is Technology 
Acceptance Theory, and the other one is Unified Theory of Acceptance and Use of 
Technology (UTAUT). Those theories post many factors which can affect the 
acceptance. I studied those factors according to the literature and the chosen case study 
(Cogknow) to see elderly people reactions towards them (since the thesis is concerned 
about elderly people perspective).  
 
I conducted 5 interviews within my case study, 2 of them were with developers who gave 
me feedbacks about what people may think about the developed system. 1 interview was 
with an elderly person who had a stroke in his brain, and the last 2 interviews were with 2 
people who are working close to elderly community. Moreover, the last 2 people did 
several tests with elderly people regarding different projects, and they have a very good 
experience with elderly people life. The last 2 mentioned interviews were very useful to 
get an image about what elderly people think because it was a reflection of elderly 
community not of individual one. 
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I will go over each factor which the theories posted to conclude my findings and to give 
summery of my investigating and studying in this thesis. 
 
7.1.1. Security and Privacy 
Elderly people feel comfortable with these issues, and they do not have problems with 
decreasing their privacy inside their houses because they need help. Furthermore, they do 
not give attention to the security. Elderly people think that they have nothing to hide, so 
they accept recording their personal data in the system (decreasing privacy). On the other 
hand, they think that no one is interested to steal their personal data if it is sent through a 
local network or the web (security issue). 
 
Inside the house, the user can use the system without any need to identify himself/ 
herself, and this was good because providing “log in” may make the system difficult to be 
used by the elderly person. Since elderly people may live with someone of their families 
(like son, daughter, and so on), the test showed that it is accepted to use the system 
directly without need for any kind of authentication, and the conclusion was that elderly 
people accept privacy and security issues and feel relax with the system. 
 
Although those issues are accepted, Security should be given more attention in this type 
of systems. Different people have different opinions, and to make the system accepted by 
larger number of people, special security algorithms and protocols should be used to 
provide better protection for data. Furthermore, it is good to customize the amount of 
recorded data in the system according to the user; in this way, the user can choose the 
level of privacy that he/she can keep in his/her daily life, and the system will be more 
accepted. 
 
7.1.2. Social Interaction 
The system should be friendly with the user. The more social the system it is, the more 
accepted it is. Most systems talk to users and tell them what to do, and elderly people 
showed wide acceptance to this because of the social communication. 
 
In Cogknow, the user can interact with the system through a touch screen or mobile 
device, and the study showed that people feel comfortable with them. The weakness point 
in the social interaction is that the user can not speak to the system; he/she can only 
confirm the messages that he/she gets from the system by using the touch screen or the 
mobile device, or he/she can use the different functions which are provided in the 
software client through the previous devices. 
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Many authors showed in their papers that improving the sociality of the system can 
improve the acceptance, so adding voice commands will make the user feel friendlier 
with the system since he/she can speak to it. It is difficult to deal with this issue since 
voice commands are tricky ones, and most of the time the system misunderstand the 
command. However, it is possible to create many commands with different tones for one 
request in order to deal with the above problem. 
 
As a result, if the user can speak to the system in the same way that the system does, the 
social interaction will be better, and elderly people will accept the system more. 
 
7.1.3. Usability 
Since the target users are elderly people and people with dementia, the system should be 
very easy to use. In Cogknow, there are many things added to the system to make the 
final product easy to use, and the design of the software client has been widely accepted 
by the elderly people who tested it. Some people find it a little bit difficult to choose a 
function because they need to push hard on the touch screen, so the touch screen should 
as sensitive as possible to improve the usability of the system. On the other hand, there is 
a problem in using the mobile device; some elderly people have vision problems, so they 
find it difficult to use a mobile because of the small size of its display. However, the 
mobile device is extra, and it is up to the user to decide if he/she wants it or not, all the 
functions are provided to the touch screen except the navigation function which helps the 
elderly person to find his/her way back home.  
 
On the other hand, charging the mobile device is a problem which affects the usability of 
the system. This device consumes a lot of power, and it needs to be charged quite often. It 
is not sufficient to ask the elderly person (especially if he/she has dementia) to charge it 
everyday because it can be difficult for him/her to do that. The only possible solution is 
to monitor the wireless charging because it is under development. In this way, it will be 
easy for the elderly person to do the charging everyday. 
 
As a result, the system should be as easy as possible to use; the software client should be 
designed and organized in a simple way which helps the elderly person to choose the 
right function without any need to think. Furthermore, using the mobile device in such 
systems should be an option, so people who have vision problem can use another device 
like touch screen, or they can use voice commands to run functions in the system. In this 
way, elderly people will accept to use the system more in their daily life. 
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7.1.4. Cost 
The cost of such systems can affect the acceptance of them because they are clearly 
costly. However, there is an aim to get a support from the government so elderly people 
can be funded when they need such systems in their houses. In Cogknow, the system is 
costly but it will pay for itself during the time. The system can prolong the ability for 
people to stay living in their houses and not moving to health agency which is costly. 
 
As conclusion, some people may not afford to have the system in their houses, and the 
responsible people in the project should work with the authority to make elderly people 
able to get support from the government to have such system when they need it. In that, 
the system will be more accepted from elderly people points of view.  
 
7.1.5. System Efficiency 
The system should meet all the requirements of the elderly person; however, it is not easy 
to expect all the needs in the beginning. In addition to that, the system should be 
personalized according to one person inside the house. Personalization makes the system 
more efficient to use. 
 
On the other hand, using face tracking improves the efficiency since the system can 
recognize between the elderly person and the other people inside the house. In Cogknow, 
face tracking is not used so the system can not distinguish among people. In some 
systems where the system has full control over the environment, using face tracking is 
crucial since it is very important to distinguish between the patient and the other people. 
Otherwise, the system can do mistakes sometimes, and elderly people may lose their trust 
with the system, and the system will be less accepted from those people. 
 
7.2. Suggestions 
I will give some suggestions to provide more accepted service of AmI in supporting 
elderly people and people with dementia according to my findings. 
 

• Provide the system with the ability to customize the level of control which the 
elderly person can has. In that, the user can control some parts, and the system 
have full control in others. This will improve the acceptance for people who care 
about their privacy. For instance, if the user does not want to record all his 
personal data, it should be possible to customize that according to his preferences. 

• Add more security protocols to the system. This will improve the acceptance for 
people who care about their personal data. 
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• Add face tracking to the system, so the system can recognize the elderly person 
from other people inside the house. This will improve the efficiency of the system 
and the user will trust it and accept it more. 

• Add voice command so the user can speak to the system. This will improve the 
social interaction, and the user will feel friendlier with the system and accept it 
more. 

• If a mobile device is used in the system, this device should be an option for the 
user. In this case, elderly people who have vision problems can use another device 
with bigger display. 

• If a touch screen is used in the system, this screen should be as sensitive as 
possible, so the elderly person does not need to push hard to perform a function. 
Moreover, the light of the screen should turn off when the elderly person is 
sleeping during the night. 

• Hardware devices should be deployed inside the house in an attractive way. 
Receivers, cables, and other tags should be hidden and not obvious to the eyes.  

• Reminders inside the system should remind the elderly person 2 times about 
specific action, and if he/she still not taking the action, a notification letter should 
be sent to the carrier. In that, the system will not annoy the user, and elderly 
people will accept it more. 

 
7.3. Implications for future research 
Ambient Intelligent (AmI) is a big research area nowadays. Tons of researches are 
studying this technology and how it will change our life. In this research, I concentrate on 
the acceptance of this technology when it is used to support elderly people and people 
with dementia. However, future work may be one to study the acceptance of AmI in other 
branches in life. For instance, studying the acceptance of AmI when it is used to support 
customers in a mall; the scientific work can be the same like the one in this research, but 
people reactions will differ since there are different users and the system provide 
different services. As conclusion, the scientific work in this research can support other 
researches which are investigating the acceptance of a technology in supporting people in 
their daily life. 
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Appendixes 
 
Appendix 1: Terminology 

 
There is ambiguous surrounding this area of the study; as a result, there are not clear 
definitions for all the terms which are used in this area. I will give the most acceptance 
definition (according to literature) to some important keywords which are used through 
my research. 
 
Dementia: “Dementia is a term used to describe various different brain disorders that 
have in common loss of brain function which is usually progressive and eventually 
severe. There are over 100 different types of dementia. The most common are 
Alzheimer’s disease; People with dementia have particular problems with their short-term 
memory” [14].  
 
Agent: “An agent is an encapsulated computer system that is situated in some 
environment and that is capable of flexible, autonomous action in that environment in 
order to meet its design objectives” [9]. 
 
Multi-agent system (MAS): “A system composed of several agents collectively capable of 
reaching goals that are difficult to achieve by an individual agent or monolithic system” 
[6]. 
 
Smart home: smart home is that home which is automated by using of assistive 
technology. It is a group of agents and physical equipments which work together to 
control the environment inside the house. In smart homes, human and technology interact 
gracefully and efficiently.  
 
Assistive Technology: “Assistive Technology in its various forms will be the key enabler, 
ranging from simple physical and mobility aids through to complex communities that use 
a “whole systems” approach to closely integrate human and technology support 
networks” [15]. 
 
RFID tags: “Local connectivity to tags provides access to data and functions related to 
the environment and different objects in it. The communication between a tag and a 
reader is powered by the reader integrated in a personal mobile device, so no battery is 
required for this purpose. As a result, tags are short-range devices and require the reader 
to be close enough to enable the communication” [24].  
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Sensor: “A sensor is a type of transducer which uses one type of energy, a signal of some 
sort, and converts it into a reading for the purpose of information transfer [16]. Sensors 
are Similar to tags; they can be battery-powered or powered by the reader. Wireless 
remote powered sensor (WRPS) includes a sensor and a tag for identification. With 
battery-powered sensors (BPS) the RF communication is powered by batteries, increasing 
considerably the maximum distance between the reader and the sensor node” [24].  
 
Global System for Mobile communications (GSM): “GSM is used by over 2 billion 
people across more than 212 countries and territories. Its ubiquity makes international 
roaming very common between mobile phone operators, enabling subscribers to use their 
phones in many parts of the world. GSM differs from its predecessors in that both 
signaling and speech channels are digital call quality, and thus is considered a second 
generation (2G) mobile phone system” [25].  
 
WPANs: “it stands for wireless personal area networks, and it is a computer network used 
for communication among computer devices (including telephones and personal digital 
assistants) close to one person by using wireless technology” [51]. 
 
WSN: “it stands for wireless sensor network, and it  is a wireless network consisting of 
spatially distributed autonomous devices using sensors to cooperatively monitor physical 
or environmental conditions, such as temperature, sound, vibration, pressure, motion or 
pollutants, at different locations” [52]. 
 
Bluetooth: “it is a radio frequency wireless technology with many components and 
abstraction layers. Bluetooth is originally intended to replace cables connecting portable 
and fixed electronic devices such as mobile phone handsets, headsets, and portable 
computers. Bluetooth is an industrial specification for wireless personal area networks 
(PANs). it provides a way to connect and exchange information between devices such as 
mobile phones, laptops, personal computers, printers, GPS receivers, digital cameras, and 
video game consoles” [49]. 
 
Zigbee: “it is the name of a specification for a suite of high level communication 
protocols using small, low-power digital radios based on the IEEE 802.15.4 standard for 
wireless personal area networks (WPANs). Zigbee is the third standard (IEEE Std 
802.15.4) which was defined as a standard to provide ultra-low complexity, low-cost, and 
extremely low-power wireless connectivity for inexpensive and portable devices” [50]. 
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Stereo camera: “A stereo camera is a type of camera with two or more lenses. This 
allows the camera to simulate human binocular vision, and therefore gives it the ability to 
capture three-dimensional images, a process known as stereo photography. Stereo 
cameras may be used for making stereo views and 3D pictures for movies” [65]. 
 
Wi-Fi: “it is the common name for a popular wireless technology used in home networks, 
mobile phones, video games and more. Wi-Fi is supported by nearly every modern 
personal computer operating system and most advanced game consoles” [84]. 
 
Cellular network: “it is a radio network made up of a number of radio cells (or just cells) 
each served by a fixed transmitter, known as a cell site or base station. These cells are 
used to cover different areas in order to provide radio coverage over a wider area than the 
area of one cell. Cellular networks are inherently asymmetric with a set of fixed main 
transceivers each serving a cell and a set of distributed (generally, but not always, 
mobile) transceivers which provide services to the network's users” [39]. 
 
 
Appendix 2: The interviews 
 
Interview # 1 
Name: Staffan Forssberg 
Duty: Senior citizen in Luleå 
Date: 05/16/2008 
 

- Basel: can you introduce yourself please? 
- Staffan: my name is Staffan Forssberg, I born on 1946, and 6 years ago I got a 

stroke in my brain, and because of that it was not operating well. 
- Basel: do you have any experience in using IT? 
- Staffan: yes, 2 weeks after getting my stroke, I bought a laptop because I can take 

it to my bed, I was laying for almost a year and I was using wheel chair, and I am 
using mobile phone all the time so I use IT in my daily life. 

- Basel: ok, I will tell you about Cogknow. This system has sensors observing 
people inside the house all the time, and the person can interact with the system 
through a touch screen and mobile device. The system reminds people about what 
they have to do during their daily life like taking medicine, meals, locking the 
door and so on. It is mainly used for people with mild dementia because they 
forget sometimes what they have to do during the day. My question for you, do 
you feel relax and comfortable if there is something observing you all the time 
inside your house? 
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- Staffan: I am not hiding anything from anybody, I am quite open to everyone, and 
it is not a problem to me to be observed all the time. 

- Basel: but sometimes people do things that they don’t want to remember later. Is 
it ok for you to record everything about what you do? 

- Staffan: it doesn’t matter for me. I thing this system will help me in my life and it 
is ok if it will record everything about me. However, I am not representative of 
my generation, I just represent myself, and for me it is ok. 

- Basel: do you think this system will change your life? 
- Staffan: yes, my life will be much easier, and I would like to have it in my place. 
- Basel: The system is sending your personal data outside the house through the 

network, do you feel comfortable with that. I mean, are you concerned about the 
security issue? 

- Staffan: no, I don’t care, and I don’t think that there is someone who is interested 
to steal my personal records; I think no one cares to do that. 

- Basel: do you think that the system is boring since it talks to you all the day and 
remind you about you have to do? 

- Staffan: I don’t know, perhaps I will get bored id it is too much insisting, but I 
can’t answer right now before having the system. 

- Basel: so you trust this kind of technology. 
- Staffan: yes, I trust it. 
- Basel: do you prefer to hide the devices like sensors, receiver, an so on? 
- Staffan: no, it is ok if I see it. I don’t think that seeing the devices is a problem. 
- Basel: do you think that the system will increase the safety in your life? 
- Staffan: yes, it is. 
- Basel: in Cogknow, the application speaks to the user to tell him what to do, but 

the user can’t. Do you think that if the user can speak to the system will make it 
friendlier? 

- Staffan: it doesn’t mean anything to me if I can speak or not. It is not necessary to 
me to speak to the system. 

- Basel: in the system, there is a mobile device; do you think it is feasible to use it? 
- Staffan: I am using my mobile everyday which is smaller than the mobile device 

in Cogknow, and I don’t have any problem in using it. It is finally up to the 
person if he can or not. Anyway, I am talking today, and I don’t know when I get 
older how I will react on this issue. 

- Basel: this system is costly; will you pay to have it in your place? 
- Staffan: well, if I can have my computer and my cell phone in the system, I think 

I will pay. 
- Basel: so you think that the system should be in your house. 
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- Staffan: yes, I think so, it is necessary especially when you are getting older and 
older. I will prefer to pay and have longer life in my place before I need to move 
to health care agency where I live with other people.  

- Basel: do you live with someone? 
- Staffan: yes, I am married and I live with my wife. 
- Basel: how old is she? 
- Staffan: she is 58. 
- Basel: ok, when you have the system in your house, it will speak loudly and 

remind you about what you have to do; do you think your wife will accept that? 
- Staffan: I am not really sure because we have different opinions. 
- Basel: but do you have the same style of living? 
- Staffan: we are living together in the same house, and I can say that we don’t have 

exactly the same style of living, but it is close because we eat together, we make 
shopping together, and we watch TV together. And even if she gets bothered in 
the beginning, she will get to use the system and accept it by time. 

- Basel: so now, can you please give a conclusion about your reflection about this 
system? 

- Staffan: I think the system if helpful and good to have inside the house. For me, I 
prefer to stay living more in my house because I have some hobbies like drawing 
which I do it in my house. 

- Basel: thank you very much for the interview. 
- Staffan: thank you. 

 
Interview # 2 
Name: Lena-Anna Anderson 
Duty: Package leader in the human factor analyses in Cogknow project 
Date: 04/21/2008 
 

- Basel: Can you introduce yourself? What are you working and what is your duty 
in the project? 

- Lena: My name is Lena-Anna Anderson. In the project I am working as package 
leader in the human factor analyses. So it’s to introduce me the requirements and 
to give feedback to the tactical people about the usability and usefulness. 

- Basel: But do you have an idea of the technical part in the project? And can you 
give the whole picture of the project, how it works. Like do you know about the 
censors? 

- Lena: No, I don’t know about the technical part. 
- Basel: So, are you responsible for testing computer human interaction? 
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- Lena: Dividing human work packages. I’m leading the work package which gives 
feedback to technical people. In usability, usefulness. How the elderly people 
think about the tools. But I’m not part of the technical part. 

- Basel: Your duty mainly about the usability.  
- Lena: Yes, the people and how they are using the system.  
- Basel: Have you done test with some people? 
- Lena: Yes, we have done some tests about one year ago. But now there have been 

developments and now we’re about to start number two test. That is in maybe 
three weeks from now. 

- Basel: What is going to be the next step?  
- Lena: We are going to test Cogknow Day Navigator. A tool for people who have 

mild dementia. We have four main areas that we are focusing in, but we have not 
completely decided what we are going to test. We are not 100% sure what the 
technical people want to deliver for the test. I can not say for sure all the parts. 
But we are into the safety, for like doors if they’re locked or closed and reminds 
about them. So we have activity guider which is a very difficult part to guide 
people in their activities. That’s for making breakfast or putting laundry in the 
washing machine. And also the safety there is a wish for the gas stow because we 
don’t use them in Sweden.  

- Basel: I think it’s dangerous to use this gas stow. Is it like you have a key to turn 
it on and off and that’s it?  

- Lena: The problem is that if it stays on. When it’s turned on while cooking and 
something else happens, the people with mild dementia might forget it. And this 
is the warning that the gas is on. 

- Basel: You did the first test. Do you think people are comfortable to use this 
system? 

- Lena: It was very short test. So it’s hard to say in a more general way but even 
though it was a short test it was a very positive experience for them. And now 
we’re aiming to have at least a month test and that is I think needed to be sure of 
how they really experience it and does it change their daily life. And how they 
feel about safety. Then we also have reminders of where the keys are so they can 
find them. 

- Basel: In this project the person with mild dementia is holding an HTC-Cruise 
and this device has a software client to help the person to interact with the system. 
Do you think it’s feasible because not all people know how to deal with this smart 
mobility devices? It’s also a common problem for elderly people to have 
problems with their vision and the size of the device is small. 

- Lena: We have a stationary reading device which is a touch screen. And this HTC 
is additional. Some people may not use that because it might not suite them. But 
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others may use it and this is also a part of the test. To see how this device interact 
with people who have mild dementia. But we are going to do that and we will get 
some answers after one month and we will write the whole report in September. 
After the short test I can’t say if the mobile is feasible or not. 

- Basel: What are your expectations of the reactions on the test? Because you are 
working with this community. I mean, do you think that those people who are 
being observed all the time will feel comfortable as we know that this technology 
brakes down the privacy of their life? 

- Lena: Most people look at this technology as help and support. In all the projects I 
have been involved in, I have never heard that any elderly people see it as it 
infects their privacy. They don’t think about it like we do as we don’t need help, 
but if you do need help in your life so… 

- Basel: So in most of the project the privacy issues were accepted by the people. 
- Lena: There have never been any comments that it infects my privacy.  
- Basel: Is the system working on just reminding the people or is it recording the 

activities?  
- Lena: We haven’t tried to record yet. We have three steps and we are just on the 

first. It holds safety warnings, reminders of things and also to perform daily 
activities. So we have many components and we will test them through the 
navigation. 

- Basel: When the person is inside the house, the system is controlling and 
reminding him, but when he gets outside the house, he is outside the system. Is 
there any kind of software for reminding him about how to get back home? 

- Lena: Yes, there is a GPS system which helps the elderly to navigate his way 
home. But we don’t really have any experience about how people with dementia 
will feel about it. This still new research area, but what I am sure that in the 
project, this tool have to be personalized, I mean you can’t have general solution. 

- Basel: yes, this means that every person will have his places to go (stores, 
relatives). But is it possible for person with dementia to drive car? 

- Lena: yes, some do. 
- Basel: so the system should take into consideration the driving routes, walking 

routes, and also bicycle routes. 
- Lena: yes, that’s true. But we are thinking about the walking routes because it is 

not possible for dementia people to drive and look on the GPS device. 
- Basel: so the main concern is the walking routes. 
- Lena: yes if the elderly lost his way home, he can use the system. 
- Basel: but you didn’t try that yet. I mean the navigation system.  
- Lena: no, not in this project. 
- Basel: did you test that in previous projects. 
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- Lena: we have tried that but not with people with dementia. We tried a navigation 
which can show us the position of the elderly in case of emergency. We have 
done several tests about the accuracy of the system to find the people in stores or 
if they lost in a forest and they don’t have any address. 

- Basel: finding the people will depend on special device or special sensor? 
- Lena: they just have a GPS, and we have a map to show us their places, and we 

succeeded to find them. 
- Basel: how the system can know when there is an emergency situation? 
- Lena: the elderly can send a signal by pressing a special button, but this is not 

included yet in the daily navigation. 
- Basel: if there are 2 people living in the house, the elderly with someone. How the 

system can recognize between them? 
- Lena: The system can’t distinguish between them. 
- Basel: so what do you think about these people in the background. Will they be 

relaxed enough to be in this environment? We know that the system always give 
voice messages and put music and so on. 

- Lena: the think is when we say that we don’t have the day navigator, so the other 
people will do the duties and support the elderly, and this will empower this 
people. Anyway, we haven’t really asked those people how they feel about it, and 
this will be in the next step. They just saw the first step, and they were very 
positive, and no one mentioned that he is disturbed by the system. We got just one 
comment about the light of the screen, because when it is dark in the winter, they 
think that the touch screen light too much. And in Sweden, most elderly people 
try to put the light off as far as they can to save some Swedish Krones, this is 
cultural thing in Sweden. 

- Basel: so what do you think about how the project will handle that? 
- Lena: we were discussing about screen savings, or turning off the screen light in 

the night. We can adjust that for each person, but this is something further. 
- Basel: if the elderly want to wake up, is there a reminder for that? 
- Lena: yes, you can have reminder to wake up, you can have reminder to brush 

your teeth, one for breakfast, and so on. 
- Basel: so we can customize the system according to the elderly desire. 
- Lena: yes, and you have to do that, because different people have different style 

of life. And there are some functions like the phone function where you have the 
pictures of the people, and you click on the picture to call. So this will differ from 
one person to another. Also the music. So the system should be personalized. 

- Basel: so this will depend on the elderly himself, and maybe the people who live 
with him, because when the elderly want to wake up, maybe the alarm will bother 
other people in the house. 
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- Lena: as I said, we haven’t test that yet, but most of the elderly people have 
someone to live with, few of them live alone. That the most common in this test. 

- Basel: What about the cost? You were talking about those elderly that they prefer 
to move in the dark to save some money, so do you think that elderly people will 
accept to pay for this system? 

- Lena: well, this can depend on the country, here in Sweden; we have the 
possibility to get funding if you need. And this will depend on how the 
government will look onto this technical tool, and how much the elderly will get 
support, and how much they have to pay by themselves. For example, in 
Amsterdam and Belfast it can be totally different. But if the person will afford 
everything, it will be really a big amount of money, and just for a period of time 
in your life when you have a mild dementia because you will not have this for a 
long time, it is usually get worse and worse by time. 

- Basel: what about the usability, as I understood that the system is easy to use by 
the elderly people. 

- Lena: of course, and it should be easy, and it is very easy to use. 
- Basel: I am asking that because the whole idea of the system is to remind the 

elderly about what to do, but who will remind him about how to use the system? 
- Lena: the system is very easy to use, and we didn’t get any comment in the first 

test. We need more time to give deep answer for this question. 
- Basel: so the conclusion is that the system is costly but it depends on the 

government or on some organizations if they can give some financial support for 
elderly people to have such systems, very easy to use, and mostly accepted by 
elderly people and their relatives as well (people who live with in the same 
house). 

- Lena: yes, and we are going in the next phase to test what the other people in the 
house think deeply, and test the usability of the GPS navigation system when the 
elderly want to use it to get back home. 

- Basel: ok, thank you very much for your time. 
- Lena: thank you Basel. 
 
 
Interview # 3 
Name: Susan Anderson 
Duty: Work package leader for testing the implementation of Cogknow project 
Date: 04/24/2008              
 
- Basel: can you introduce yourself and what is your duty in the project? 
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- Susan: my name is Susan Anderson, and my duty in Cogknow is the work 
package leader for testing the implementation for the whole project, so my 
responsibility is to coordinate the field test in Amsterdam, Belfast, and Lulea, so I 
am all over responsible for that. 

-  Basel: so are you responsible to test all the part in the project or just concern 
about special sections? 

- Susan: my duty is to set up the field test, because the researches and the work 
package one have some things they want to test about how people react, then the 
technician develop the equipments, and my job is to test it. 

- Basel: so I will concentrate about the human acceptance of the system, I will start 
with the privacy issue, we know that this technology breaking down the privacy 
of people life, because the sensors observing them all the time, and recording 
everything, and a lot of people do things that they do not want to remember later, 
but the technology recording everything about their life. What do you think about 
people reaction about this issue? Will they accept that? 

- Susan:  yes, I think they will accept that, because mostly the staff, I mean people 
who are working with people with dementia are concerned about the integrity 
issues and ethical issues, but if you ask people with dementia or relatives like 
daughter or wife, they know that this equipment observe them, but they look at it 
as a help, and they know that it can help them for a long term. 

- Basel: if we move to the security issue, do you think the system is secure enough 
to be accepted by the people, because all their personal information is recorded in 
the system. 

- Susan: of course they will accept that if they know that their data is protected, 
because we have these patient records electronically here in Sweden in 
Norrbotten, and it should be secured. For example, I want the configuration with 
the picture and the phone number to be made here in Luleå or in Belfast, instead 
of sending it by email; we can do it locally in each city. Last year we had a field 
test, and it was not a problem to have the picture and the phone number, people 
accept that. 

- Basel: so usually you don’t send this data by email. 
- Susan: yes, we have on a local database, and we put it on USP memory stick, but 

we asked for permission for that. And sometimes, we send the data by email, but 
we ask the people in advance if it is ok. Most of the time we send the picture and 
phone number of relatives of dementia people but as I said we ask before, and we 
try to handle it in a very careful way. 

- Basel: if there is an emergency situation, how can the people outside the house 
know about that, I mean is their any data sent from inside the house to the outside 
world like doctors or health agencies? 
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- Susan: no, we don’t have this in the project so far. Because in this case, you need 
people outside the house working on that. 

- Basel: so every thing happens inside the house stays in the local data base in the 
house. But what if the person stay in same position for a long time and he is not 
sleeping, so it can be a problem like getting heart attack. Does the system inform 
someone about the possibility for emergency? 

- Susan: yes, but we have this function to make an emergency call by clicking help 
button, and this call will be to one relative like husband or son. We discussed 
about this issue if the elderly did not move for a long time, there should be a 
notification about that, but the relative person will receive this notification. 

- Basel: when you have the system inside the house, you have the touch screen and 
the mobile device. Is it possible to anyone inside the house to use the system, or 
you need to identify yourself? 

- Susan: no, there is no identification; basically anyone can use the system. 
- Basel: Do you think it is a weakness point in the system? 
- Susan: I never though about it actually, and of course, you can see it as weakness 

point. 
- Basel: so if there are some people living with the elderly person, the system can’t 

distinguish between them. 
- Susan: no, it can’t. the main aim is to help the person with dementia, so the people 

who live with him will feel safe to leave him alone, so this will make the person 
with dementia more independent. 

- Basel: ok, if we talk about those people inside the house with the elderly, we 
know that the system put music at special time and wake up the elderly by alarm 
and so on. What do you think about the other people, will they feel comfortable 
with that? 

- Susan: we did investigation to evaluate people reaction in the first stage, and we 
didn’t get negative comments about that. But I am not 100 per cent sure about that 
since we will take into consideration in the next stage.  

- Basel: what about the usability of the system, do you think it is easy to use? 
- Susan: well, the picture dialing and the music function are very easy to use, but 

the mobile device was not functioning very well in the first test phase, but the 
aiming to be as easy as possible. 

- Basel: what I saw in the presentation of the project that the user use the mobile 
device to confirm that he received the message from the system. what if the 
project provides a voice function to help the elderly just to say ok or yes to make 
the system understands that the elderly got the message, and in this way we can 
omit the device inside the house. 

- Susan: yes, maybe this can help. 
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- Basel: is the software client is the same on the touch screen and the mobile 
device? 

- Susan: I don’t know how it will end up, but it should be more less the same. 
- Basel: what do you think about the cost? 
- Susan: well, I have no exact idea about the whole cost, but it should be not costly. 
- Basel: do you think that the government can help in this issue? 
- Susan: there is no help for the moment since it is still new, but I think the person 

will stay pays some parts of the fees. 
- Basel: did you settle the system in real environment? 
- Susan: not for the second field test, but for the first one we had 6 users in lulea 

who have it in their homes. 
- Basel: and how was the feedback in general? 
- Susan: it was all positive. 
- Basel: can you give the whole picture of those people reaction? 
- Susan: they liked the music and the picture dialing, but anyway we didn’t have so 

many functions in the first field test, but now the system is more complex and we 
are going to evaluate people reaction about it. 

- Basel: ok, I have nothing more to ask, thank you very much. 
- Susan: you are welcome. 

 
 
Interview # 4 
Name: Johan E. Bengtsson 
Duty: The scientific coordinator of Cogknow project 
Date: 04/30/2008 
 

- Basel: can you please introduce yourself, and what is your duty in the project. 
- Johan: my name is Johan Bengtsson, and I am the scientific coordinator of 

Cogknow project. 
- Basel: what about you knowledge exactly about the project, are you responsible 

of special sections? 
- Johan: I know almost every part of the project. 
- Basel: I will start with the technical part; can you explain please how the data 

flows inside the system? 
- Johan: the system start with a server component outside the home where the 

configuration data about the user are stored. Inside the home, there is home hub 
connected to a touch screen which is the main static interface for the person with 
dementia, and this interface provides all the functions and services. There is also a 
mobile device which provides similar functions for people outside the house or in 
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different room. The sensors are connected to the home hub and through wireless 
connection to a control box which is also connected to the home hub.   

- Basel: so which communication method is used inside the system, is it Bluetooth, 
Zigbee, or what? 

- Johan: this is actually a good question, and I think it is Zigbee but I am not 
absolutely sure. I think we will use different methods for different kind of sensors. 

- Basel: you mentioned that there is a server outside the house, what is the duty of 
this server? 

- Johan: the main point is to have a remote configuration. 
- Basel: and how does the data flow from inside the house to this server? 
- Johan: it uses simple web access through Http. 
- Basel: so does this connection between inside and outside the house happen all 

the time or just in emergency? 
- Johan: actually all the time because the system checks for updates. 
- Basel: is this server in health care agency? 
- Johan: well it should be, but during the test, the server located in Malta. 
- Basel: ok, if one sensor stops working, will the system know that? 
- Johan: the system will detect that if it did not receive any data from one sensor, 

and it will send a notification about that not for the person with dementia but for 
the technical support. 

- Basel: what about the batteries, do you need to change the batteries quite often? 
- Johan: you know the technology has processed and the wireless sensors can stand 

for over a year without any need for change, so it becomes less problem. 
- Basel: and what about charging the mobile device? 
- Johan: of course it requires a charger, and we are using a travel charger at the 

moment. 
- Basel: but the elderly has to do it himself? 
- Johan: the elderly or one of the people around him, and the place where we can 

put the charger will vary among people. 
- Basel: this kind of systems decrease the privacy of people because it observes 

them all the time and record what they are doing. Do you thing this will be 
accepted? 

- Johan: the aim is to provide ethical application, and you don’t need to make the 
detailed information available for other people. You can do that in summery form, 
but it is not intended to give detail information about daily life. We tell the user 
that the functionality of the system is for their personally so the sensor and the 
collected data is used to enhance the system for the user, but in emergency, the 
system inform special people about that. However, there are some situations 
where we need permission from the user; for example, in some countries like 
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Netherlands, you can’t open the video connection if the user didn’t agree to do 
that. Even if the user is not answering, you can’t open the video connection, 
otherwise, someone needs to go to the house and knock the door or even breaks 
the door. It is a little bit strange to be able to break the door and enter the house in 
emergency but you are not allowed to open video connection. 

- Basel: what about the security, do you think people will accept to send their 
personal data through the web? 

- Johan: they will accept that if we tell them that we protect it, so the integrity of 
the data is insured. 

- Basel: how you protect the data? 
- Johan: by encryption, it is quite easy to do. You just need to use the secure 

protocol Https, and then you have very good encryption. 
- Basel: so the security and privacy issues are accepted by the people. 
- Johan: we think so, we haven’t evaluate it this , but we are trying to include 

security in the design of the system so the system transfer data in a secure manner, 
and the level of security can be increased further by adding encryption tunnels 
between the server and the home. We will do a full analysis about the needed 
level of security in the next step. 

- Basel: is there any kind of log in to use the system? 
- Johan: no, log in will be a barrier for people with dementia, but the log in to 

authenticate an access to the server will be done by the device itself, so at the user 
level, there is no log in. For the carrier to configure about the elderly there is a log 
in, and for the administrator to perform adjustment, there is a log in 
authentication.  But we can not provide log in for the person with dementia 
because it is not easy to them. 

- Basel: what about providing finger prints for log in? 
- Johan: we haven’t discussed that in details, but it will be possible to provide that 

if the log in can be done automatically by adding a tag to the user, so the system 
will work if the person is nearby. On the other hand, the device in the home and it 
is protected by the walls and the doors. 

- But what if we take people who live inside the house with this person with 
dementia? 

- Johan: actually, it is not a matter, because those people are involved in the life of 
the person with dementia, and this will not hurt their personal integrity at all. 

- Basel: I mean if I speak about the touch screen, can I log in to personal records 
from it? 

- Johan: no, you can make a call or use some functions like choosing music, but 
logging to personal data requires a log in. we provide just simple functionality 
through the touch screen, not a personal data about the elderly.  
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- Basel: so you think that this kind of systems will be accepted by general? 
- Johan: we think so, and we made some interviews with people, and all of them 

look at the system as a help for them. 
- Basel: what about the cost, do you think that the system costly? 
- Johan: yes, it is clearly costly, but this cost can decrease by the time. Anyway, our 

early calculation indicates that this system will pay for itself in more less than 1 
year if it’s prolong the time where the user can’t live in his own house, and don’t 
need to go to health care house. The economic balance is very good because it is 
so costly for person with dementia to live in health care house instead of giving 
them support in their houses. 

- Basel: and do you think that the government can give support for people who 
need to have this technology in their houses? 

- Johan: yes, but I think it has not been decided yet to put these kind of systems in 
the list of assisted devices which elderly people can be funded for it. And this is 
actually part of the project in the late stages to work with the authority to make it 
officially ok to fund this type of systems. We have to calculate the economical 
profits of such systems so the government will accept that this is a very good 
technology and it will fund people who have mild dementia to have the system in 
their house, so the person can stay longer time in his house and not becoming a 
costly person. 

- Basel: if I talk about the interaction between the system and the user. Does the 
system speak to the user? 

- Johan: it does, in the prototype so far, but it is being shown in literatures that 
voice prompt work very well with people with mild dementia, so clearly coming 
versions of the users will add more voice support because it is shown that it is a 
good way to communicate with a person with dementia. 

- Basel: but does the user able to speak with the system? 
- Johan: we are not using at the moment any voice command, one reason for that is 

that the user needs to remember that there are commands or magic words. You 
made a very good suggestion which I forward it about using voice tags with the 
reminders. If the user says ok or I understand, the system should be able to detect 
that but it is still difficult. Yesterday I was in a seminar where they showed a 
personal assistant (voice control), and the user asked “ok at what time will I give a 
talk in a big conference” and there were noise in the hall, and the device answered 
Bella (the name of the person), and everyone laughed, and this new noise was 
detected by the device as a kind of question and the device answered Bella again, 
so people laughed again and the device always saying Bella. So speech 
recognition is not easy to be implemented and any noise in the background can 
confuse those systems. But in general from user perspective, voice prompt is quite 
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useful if it can be implemented reliably. You can always afford to do wrong 
things in 1 or 2 per cent in all the cases otherwise the user loses trust in each time 
the system does a mistake.  

- Basel: about usability, do you think that the system is easy to use? 
- Johan: yes, the usability will be perfect in the end of the project. we have 

evaluated usability, and there are some usability issues even after the first 
prototype. For the touch screen, it was a little bit difficult for some users to press 
it, so we need to adjust the sensitivity. And for the mobile device, the main 
usability issue that the display is small. 

- Basel: is the software client the same in the mobile device and the touch screen? 
- Johan: it is not exactly the same, it looks differently, and it has fewer interaction 

elements on each screen. Some functionality will not be visible on the mobile 
client. Some of them will be only when the user is inside the house, and others 
(like GPS navigation) will be only visible when the user is outside the house. 

- Basel: so the mobile is mainly used outside the house. 
- Johan: it is also possible to be used inside the house to get some activity support 

like when the elderly is not in the same room with the touch screen (for example 
cooking), so the mobile device can be used to provide some instructions. 

- Basel: so as a conclusion, we can say that the user has medium level of control, 
and the system just remind him without doing anything. 

- Johan: that’s right, the system is an assisted technology, it doesn’t do active things 
for performing daily activity. For safety it could perform some automatic 
activities like automatic locking for the front door in the night. 

- Basel: ok, if I am an elderly, and I am waiting for my son to come home, but he 
will come late after midnight, is it possible to disable the function of locking the 
door? 

- Johan: we don’t want to give so much choices and it is up to the user and the 
carrier. We don’t know that yet, and this is a key issue for not taking away the 
active part of human character from the user. It is much better to assist the user to 
remember to do the locking of the door rather do it automatically. It has been 
shown that if the user is ignored from doing daily activity, the disease progressive 
faster, for example, if one relative says “ok I will do it because it is faster” so the 
disease will get worse. 

- Basel: but the point of my question if the system can recognize if the user knows 
about the activity but he doesn’t want to do it. 

- Johan: the normal reaction of the system is to inform the carrier that the user did 
not respond to these types of reminders. This will happen perhaps not in the first 
stage, but maybe after the second stage if the user still does not lock the door, so it 
is logical to send message to the carrier which can be relative or professional, then 



 85 
 

the carrier can make a phone call for example to ask about that. we can’t remind 
the user about the same activity because the user will get annoyed by that. 

- Basel: ok, thank you very much for your time. 
- Johan: thank you Basel.   

 
 
Interview # 5 
Name: Josef Hallberg 
Duty: developing indoor positioning system and implementing music player. 
Date: 04/17/2008 
 

- Basel: can you introduce yourself please, and what was your duty in the project. 
- Josef: my name is Josef Hallberg; I am PhD student, my main or original duty in 

Cogknow was to develop indoor positioning system and implement music player. 
- Basel: can you specify more your duty in developing the positioning system? 
- Josef: basically, we bought the system from a company and they have their own 

applications and we didn’t get access to the API, so our main idea was to create a 
program used serial port steams and access the data. 

- Basel: so you were responsible of the software part. 
- Josef: yes. 
- Basel: and what about the hardware part? 
- Josef: for the hardware part, it is a company who provided the sensors, but I am 

only software developer. For RFID positioning system, we bought them from 
another company. What I did was writing the software for both accessing the data 
from APIs, and put this data from C# to C++ to Java. And I also made an 
application which basically weights the different signals strengths from different 
readers and do the algorithm for calculating which reference tags it is. 

- Basel: and what type of communication method is used to send the data 
wirelessly? 

- Josef: the sensors used their own protocol but I am not sure what it is, and for 
RFID tags, they are using also their own standards for RFID. 

- Basel: ok, if one sensor stops working, what will happen? 
- Josef: if the sensor goes down, the only thing what will happen that you will not 

get any message from it, and if the receiver goes down, the program itself will not 
crash but you will not get any data from the sensors. Anyway, you can actually 
run the program without anything plug in. 

- Basel: I mean, does the system detect that? 
- Josef: not for the moment, but it is provided in the system to get law battery 

warning if the battery of the sensor is law, but they stop working completely, you 
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will not get any message at all, because the receiver does not know which sensors 
are in the environment, it just receives data. 

- Basel: what about charging, does the battery stands for a long time? 
- Josef: the RFID tags can stand for 5 years, but for the sensors, it is a little bit 

tricky, and it depends on which kind of sensors you use. The movement sensors 
can run out the battery quickly, but we are thinking to put a power supply to keep 
them from running out. For example, we move the door sensors a lot during the 
day, and I would say that the battery can stand for approximately 2 months. 

- Basel: and what about the cost, do you think it is feasible? 
- Josef: at the moment, I will say no, because the whole system is really really 

expensive, and the sensors are expensive. I can say it will cost around 1500 EUR 
just for the sensors, and the RFID receiver are even more expensive and it is 
around 1600 EUR for each one and we need 2 of them in each apartment. They 
are developing new version of these receivers and it will be cheaper around 500 
EUR for each. 

- Basel: is the number of the receivers will depend on the size of the apartment, and 
how many meters they can cover? 

- Josef: the current one which we are using covers around 10 meters, but objects 
and walls limit this range. It is possible to use one receiver in each apartment, but 
it will be possible to not have coverage in some parts of the apartment. 

- Basel: so the conclusion is that the system is costly. 
- Josef: yes, the cost is really really high. But we are developing everything for 

future, and the cost will change and the system will be cheaper. For example, as I 
said about the RFID receiver, it was 1600 EUR, and the new version costs around 
500 EUR so the cost decreases.  

-  Basel: ok, if this person inside the apartment, he is using his mobile device to 
communicate with the system. if he goes outside the house and came back, can he 
use the system again automatically or he needs to log in? 

- Josef: the home hub does not require any log in, and we have the moving sensors 
which trigger everything inside the apartment and the RFID positioning system 
can detect if someone is inside. 

- Basel: so whoever is inside the apartment, he can use the system. 
- Josef: yes. Actually we have a problem if 2 people live inside the home, we will 

not know who is the patient. We are thinking about using face tracking but it is 
too much work. Anyway, when the device is outside the house, the GPS starts 
working and we can know where the elderly is. 

- Basel: but do you think in general that the system is secured enough, and what 
security protocols are used? 
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- Josef: they are using encryption, but I am not sure which kind of encryption they 
use. But I know that they have a lot of security issues and they are trying to figure 
that out. I mean, you can always get inside a system if you want that and if you 
are a really hacker. 

- Basel: is there anything added to the system to improve the security? 
- Josef: there is a security key, you have one on the server side, and we still have a 

security problem in using the devices because anyone can use the touch screen 
and mobile device. 

- Basel: but do you have important data on the mobile device for example? 
- Josef: all the data stored centrally in a server, and the security on that server 

should be good enough. But I can’t answer since it is not my duty. 
- Basel: so as conclusion, the system is not secured enough. 
- Josef: since our target group is the elderly, it is difficult to provide log in because 

it’s difficult for them to remember, maybe we can provide finger prints, and I 
suppose it is possible. But there is not any important information (like credit card 
information) which you can get access through the touch screen or the mobile 
device. But there is still some private personal information about what have you 
been doing in the last 2 days, who are you contacts, phone numbers, even some 
health information which you don’t want other people to get access to it 

- Basel: is the system contact the outside world in an emergency? 
- Josef: there is an emergency phone number, you can program that, but we have 

not added any feature that automatically calls someone. We have some sensors if 
the person fall down on the floor, and if there is a fire inside the apartment. 

- Basel: are the devices hidden or they are obvious for the user? 
- Josef: you can see the IR sensors and the moving sensors; I mean you see the 

boxes. 
- Basel: but do you think people will feel relaxed with that? 
- Josef: I don’t think that it will be a problem because the sensors don’t blink, but it 

is worse with RFID tags because they blink but you still can turn them upside 
down so the blinking will go down. And we can put the RFID tags in a cupboard 
to hide them. On the other hand, you can see cables because the connection 
between the home hub and the RFID receiver but we are planning to use wireless 
later on. And we use power cable as well if something needs power. 

- Basel: thank you very much for the interview. 
- Josef: no problem, you are welcome. 

 

 


