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Introduction 
 

In recent years several representatives of various housing corporations, welfare 

organisations, (home) care organisations, elderly associations, and senior groups, have 

asked me what smart home and telecare technologies would be relevant and useful for 

them or for their clients. Apparently there is a growing conscience of the urge for 

smart home and telecare applications in our aging society. In the near future the 

implementation of smart home and telecare technologies will indeed be needed in the 

care sector, as there will not be enough professional and informal caregivers to 

support the needs of the growing number of chronically ill and elderly people. The 

increasing costs of care will otherwise lead to a social and economic problem. New 

smart home and telecare applications are expected to contribute to the independent 

living of seniors by enhancing their life-style ambitions, preventing or slowing down 

the likelihood of unwanted effects of aging, and supporting professional and informal 

caregivers in the (home) care process.  

 

The title of this thesis is: ‘Acceptance and Effectiveness of Telecare Services from the End-

User Perspective'. 'Telecare' literally means: remote care or care at a distance. It implies 

the provision of all types of care over a distance, and in this case: home healthcare and 

welfare support from a service provider (caregiver, welfare worker, or other service 

provider) to a client at home. To overcome this distance, technology is used. Although 

many researchers incorrectly define it as a technology, telecare includes all services 

that rely on technology to help support a person at home from a distance (Doughty et 

al., 2007). Telecare services are defined here as being effective if: a) they are accepted, 

and b) they are beneficial. Although effectiveness relates to all stakeholders involved, 

this thesis focuses on end-user acceptance – thus acceptance by older adults – and 

benefits from an end-users’ perspective1. 

 

Until recently, the deployment of smart home technology in home care situations was 

mainly technology driven. Many studies have focussed on the implementation of 

smart home technology (see for example the literature study by Evers, Blijham, & 

Willems (2009)). Nowadays, scientists become more interested in social issues, like the 

consequences and effects for the stakeholders involved, particular (e.g. behavioural, 

                                                             

1 The clients or end-users in this thesis are elderly people in the third age: retired elderly people who 

are still active. The difference from this group with the fourth age is that they are not frail and 

dependent (yet). We also exclude people suffering from dementia, as this group requires special 

attention and design. Also handicapped people are not explicitly targeted at in this thesis, although the 

aging process in the third age often comes with all kind of constraints. Although many studies on 

telecare involve specified care patients (e.g. COPD (Chronic Obstructive Pulmonary Disease) patients, 

or people with heart failures diseases) this thesis is not specifically targeting on telecare for a certain 

patient group. 
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social, financial) effects for the end-users, and the consequences of smart home 

technology and telecare use on technology development, organisation of care and 

services, and their users. Recurrent issues are, for example, discussions on privacy 

versus safety, a reduction in personal contact, and the wish to remain in the own 

home.  

 

Although many stakeholders are involved in the implementation process of smart 

home and telecare technology, this thesis focuses on the role of:  

a) the care organization, welfare organization or housing corporation, that wants 

to offer telecare services to their clients;  

b) the smart home and telecare designers and developers, who offer the 

technological means to provide these services; and  

c) most importantly, the end-user, the elderly client, who has needs requiring 

support to be able to live independently.  

These three stakeholders have obligations towards each other, have to define their 

objectives and determine how this best is achieved in order to provide effective 

telecare. The goal of this thesis is therefore threefold;  

1) define telecare services and functionalities that are beneficial for the third age;  

2) study effectiveness of telecare functionalities depending on needs;  

3) define telecare design requirements. 

The scientific goal of this thesis is an acceptance model for telecare, based on the 

results of the sub goals mentioned above. 

 

With the expected demographic changes there is a need for smart home technology in 

home care (e.g. telecare), as will be explained in Chapter 1. Smart home technology 

can support older adults to remain in their own homes in two ways. On the one hand, 

technology can diminish the negative effects of the ageing process, by supporting 

welfare services. On the other hand, the technology can support home care. The latter 

is not only used in situations where older adults become more in need of care, but also 

in situations where care institutions replace their clients from intramural settings to 

extramural care settings.  

When looking at the current smart home and telecare technology, we can identify 

many obstacles that underline the need for more effective telecare. The analysis of 

recent smart home projects, as described in Chapter 2, resulted in features for more 

successful smart home technology and telecare implementation. The implementation 

of telecare is considered not only from a technology-perspective, but also from a user 

and care perspective.  

Chapter 3 focuses on thorough needs assessments, to increase user-acceptance and the 

effectiveness of telecare services. In Chapter 4 we consider a ‘telecare acceptance and 

use model’ to predict and analyse telecare acceptance by elderly users, in order to 

better detect the effects of a number of interacting variables when using innovative 

technology (such as smart home and telecare technology in home care). Even though 

most of the vulnerabilities are known, they have not been adequately modelled yet.  
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By analysing telecare acceptance and use in Chapter 5, the proposed telecare 

acceptance and use model is tested, and reveals what variables must be taken into 

account to increase telecare acceptance by elderly users. The data-analysis also sheds 

light on beneficial effects of this kind of technology, moderated by telecare 

Textbox 0.1: Smart home technology projects under study. 

  
To study the 'effectiveness of telecare services' this thesis is based on data retrieved 

from several smart home projects [where the researcher was in some way involved in]. 

The main distinction between these projects is the motive for implementing smart home 

and telecare technology. There are projects that involve a welfare situation, where older 

adults are not yet in need of care, and technology has a preventive function (‘IJsselveld’ 

& ‘VieDome-TV’). In other situations, the technology is implemented for care purposes. 

The older adults involved are care dependent (‘Bösdael’). The distinction in motive 

results in different project goals, stakeholders, implementation problems, and research 

results. In these situations large scale planning is important in order to make it 

financially attractive for the stakeholders involved, such as housing corporations and 

local authorities. The organization of implementing smart home and telecare 

technology in social housing implies commitment of many stakeholders.  

 

IJsselveld: the city of IJsselstein (near Utrecht) wants to create a couple of ‘living and 

service zones’ (woonservicezones), especially at places where a relatively high amount 

of elderly people live and where intramural services are outlying (Rutten, Rutten, & 

Willems, 2005). In the centre of the ‘woonservicezone’ a multi-functional local station of 

support has been created by the authorities of IJsselstein in cooperation with several 

care and welfare organisations. In order to make the houses in the ‘woonservicezones’ 

effective for occupation by elderly and disabled people, they will be partially renovated 

and equipped with smart home and telecare technology. The technology must be 

suitable to the residents – not to the residence – and therefore must be as modular and 

mobile as possible.  

 VieDome-TV: the care organisation ZuidZorg has already implemented ‘VieDome: care 

at a distance’ for their care dependent clients (in the Eindhoven area). VieDome is a 

concept with the purpose to support independent living by means of video 

communication. The goal is to provide certain care activities from a distance, by means 

of video contact, that would otherwise be performed in the home, in order to increase 

the independence of the clients.  The project goal was to develop a simplified and 

cheaper version of the VieDome concept to provide safety and welfare services to 

seniors (Kemner, 2009). 

Bösdael: the migration of clients from an intramural care setting (Tegelen / Reuver, near 

Venlo) to an extramural setting (Huijsman, 2009; Huijsman, Boom, & Kaaij, 2009). In 

this new setting various groups of older adults live together, including people who 

move from their home to a new apartment. The users were more care dependent users 

than in the other two projects.  
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functionalities. The model is helpful in articulating design and implementation 

requirements to increase the effectiveness of smart home and telecare services, as 

described in Chapter 6. Besides the fact that the technology that is implemented must 

be user-friendly, most importantly, the usefulness, and thus benefits, should be clear 

to the novice user. The technology must only be offered to the clients when the care-

processes as well as the organizational processes (like technology support) are well-

organized. 

 

 

Figure 0.1: The structure of this thesis on effectiveness of smart home and telecare 

technology and services in home (care) situations. The environmental driving factors 

(Ch. 1) show that the use of telecare by elderly people is needed, while the 

environmental hindering factors (Ch. 2) show that more research is needed for increased 

effectiveness of telecare. One way to achieve this is by giving the end-user a more 

central role to increase end-user acceptance and use of telecare. A Telecare Acceptance 

and Use Model proposed in Chapter 4 is tested in Chapter 5 by analysing end-user 

telecare acceptance and use. In Chapter 6, the Telecare Acceptance and Use Model is 

operationalized for further analysis and requirements for increased acceptance and 

effectiveness of telecare services are formulated. 
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1 Driving Factors for Telecare Application in 

Home Care 
 

The introduction of smart home and telecare technology in home care cannot be viewed 

without considering current developments related to care giving, finance, law, and 

demographics, as well as technological developments like assistive technology, sensor 

networks, robotics, and social media. In this chapter several societal, economical, and 

technical developments are described to introduce the situations demanding smart home 

and telecare applications in home care. 

 

1.1 Inventory of trends and developments 

 

Several multidisciplinary interactive workshop sessions were organized to define the 

most significant developments in society that influence the implementation and 

development of smart home and telecare technology, as well as to increase 

stakeholders’ awareness of these developments. 

In cooperation with a healthcare-organisation in the south of the Netherlands 

(Tegelen, near Venlo) two successive interactive workshop sessions were organised 

with care professionals, care managers, therapists, welfare workers, physicians, 

patients, and also people from housing corporations, construction consultants and 

electrical engineers. The first session was attended by 26 participants, of whom six had 

experience with smart home technology. The multidisciplinary group of stakeholders 

was divided into five groups in order to make an inventory of trends and 

developments that may influence the application of smart home technology in the 

(home) care sector. By means of Post-it notes the results of the various groups were 

assembled and ordered. After three presentations of specialists (care organisation, 

electrical engineer, and housing corporation) the list of trends and developments was 

completed and determined by the participants (see Appendix I). The second session 

(18 participants) was used to define success factors for smart home and telecare 

technology and to translate the results into chances for stakeholders (construction 

engineers, technology suppliers, system integrators). 

In another series of workshop sessions, multidisciplinary stakeholders (20-40 

participants from housing corporation; welfare and care organisations; various care 

receivers and their representatives; general practitioner; local authorities; electrical 

engineers; and architect) involved in the ‘IJsselveld’ project in IJsselstein (near Utrecht, 

the Netherlands) listed developments in society that may influence the application of 

smart home and telecare technology in (home) care, such as ageing, individualisation, 

life-independent housing, cutback in costs of care, and new technological 

developments (see Appendix II). 
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Both workshop series resulted in comparable trends related to demography; 

technology; authority/government; care; user/elderly; and housing/construction. The 

developments were placed in a multidimensional matrix, in which the developments 

were connected to one or more ‘issues’ (see Appendix III). Most developments involve 

more than one area of concern. 

This chapter gives deeper insight and understanding of these developments in society, 

and in what way it is important for the implementation of smart home and telecare 

technology. 

 

1.2 Social changes 

 

The most important developments in society for smart home technology are the 

socialization of care (‘community care’), extramuralization (reduction of intramural 

care), and ageing (Provincie Utrecht, 2003). Socialization of care means that people in 

need of care are no longer concentrated in large-scale institutions, but are returned to a 

fully-fledged place within society. Instead of focussing on people's disabilities, one 

looks at their abilities. Supporting aging adults to stay in their homes independently 

for a longer period of time concedes to the wishes and needs of people in need of care 

(De Jong & Kunst, 2005), aiming for an improvement of quality of living and daily life. 

The process of extramuralization leads to fewer intramural residential facilities, 

remarkably more small-scale extramural facilities, but also to (re)new(ed) organization 

of services and an increased use of technological resources. The catalyst of these 

developments is demographic ageing. The fact that the number, and average age, of 

elderly people is growing, leads to an enormous increase of care demand. The demand 

for houses for the elderly, for care, and for services will therefore grow in the coming 

years, while a shortage in care personnel is expected. The use of smart home 

technology is considered an important instrument to support independent living 

(Raad voor de Volksgezondheid en Zorg [RVZ], 2006a). 

1.2.1 Ageing 

 “Today, approximately 10% of the world’s population is over the age of 60; by 2050 

this proportion will have more than doubled” (Pollack, 2005, p.1). In the Netherlands, 

as in most Western-world countries, the shape of the population pyramid is changing 

(see Figure 1.1).  

Between now and 2038, the number of people over the age of 65 will increase from 2.4 

to 4.3 million (Centraal Bureau voor de Statistiek [CBS], 2006a). A quarter of the Dutch 

population of more than 17 million people will then be 65 years or older (see Table 

1.1). An important indicator of aging is the ‘dependency ratio’: the number of people 

aged 65 and older as a percentage of the number of people aged 20-64 years (the 

potential working population) (www.cbs.nl). The growing proportion of the 

population that is over the age of 65 is leading to a social and economic burden 

(Ministerie van VROM, 2004; Commission of the European Communities, 2005;  
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                                    2011                                     2051 

  

Figure 1.1: Age structure in the Netherlands in 2011 and 2051 (Centraal Bureau voor de 

Statistiek [CBS], 2011b). 

 

Commissie van de Europese Gemeenschappen, 2006), as there will be fewer young 

people to help older adults cope with the challenges of aging. The dependency ratio 

will increase from 23% in 2006 to 47 % in 2038 (CBS, 2006a). 

The baby boom climax is expected between 2025 and 2035, when the need for care  

increases with more than 40%. The number of people working in the care sector, as a 

percentage of the working population should increase from 12% (in 2010) to 20% (in 

2030). However, at the same time, the working population will decrease with more 

than 5% by that time. If the costs of care increase like they have done the last ten years 

(€ 41 billion in 1998 in the Netherlands, to € 84 billion in 2009), care becomes 

 

Table 1.1: Population forecast for the Netherlands. Source: CBS (2011a). 

Year Dutch 

population 

(in millions) 

Number of 

residents 55 

and over 

% of total 

population 

Number of 

residents 65 

and over 

% of total 

population 

2011 16.7  4,788,674 28.8 2,594,942 15,6 

2020 17.2  5,748,749 33.4 3,400,409 19.7 

2030 17.7  6,519,677 36.9 4,197,046 23.7 

2040 17.8  6,538,377 36.6 4,625,271 25.9 

2050 17.8  6,515,562 36.6 4,457,427 25.1 
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unaffordable. The expenses for elderly care have increased with 7.4% every year from 

2000 to 2007. In 2006 the expenses were almost € 12 billion in the Netherlands (CBS, 

2007).  

The increasing costs of care that are expected can partially be ascribed to the expected 

increase of chronically ill people (Stichting Brainport, 2007). The growth of the 

population, as well as ageing, will increase the number of persons with a chronic 

disease, like cardiovascular diseases (myocardial infarction, stroke, and heart failure), 

diabetes mellitus, cancer (lung, colon, and breast), asthma, Chronic Obstructive 

Pulmonary Disease (COPD), and osteoporosis, in the next twenty years. In the 

Netherlands, 350,000 additional cases of osteoporosis, as well as 300,000 additional 

cases of diabetes are expected until 2025 (Blokstra et al., 2007). The latter will even 

increase more if the current obesity rate continues. COPD and lung cancer rates are 

expected to increase (mainly in women) due to smoking. For both chronic hearth 

failures (CHF) as well as COPD an accession in number of patients of at least 40% is 

expected between 2000 and 2020 (College bouw ziekenhuisvoorzieningen, 2004). 

Another important demographic change, in the context of ageing, is the increase in 

single households. In the Netherlands, the number of persons living alone is expected 

to grow from 2.5 million (2010) to 3.5 million (2050). In the next 20 years an average 

increase of 30.000 to 40.000 singles per year is expected. Although the number of single 

households increases for all ages above 30, the most important change related to 

ageing, is the increasing amount of  independent living seniors (from 750.000 in 2005 

to 1.2 million in 2025; CBS, 2006b). The number of persons aged 85 years and older 

living alone has increased by 25% from 1995 to 2000. In addition to the fact that people 

become older, this growth can partially be explained by the decreasing number of 

people in nursing homes (38% of 85-aged and older in 1995, to 31% in 2000) (CBS, 

2001). The number of female seniors living alone is significantly higher than male 

seniors living alone, due to the fact that women live approximately five years longer 

than men, and women often have a partner who is a couple of years older.  

1.2.2 Independent living 

Elderly people clearly prefer to live independently and together with their partner as 

long as possible (Delfgaauw & Forschelen, 2010). By supporting and stimulating this 

demand, the government wants to reduce the pressure on the care and cure segment 

and increase the well-being of people (Commission of the European Communities, 

2007). Compared to 20 years ago, it is relatively uncommon for Dutch seniors to live in 

a nursing home. In that time, when there was a debate in the Netherlands concerning 

mayor changes in the health insurance policy (Commissie Dekker, 1987), many 

‘seniors’ lived in a nursing or residential care home: more than 1 in 10 people aged 65- 

and up (Delfgaauw & Forschelen, 2010). These days, senior citizens generally live in 

single-family dwellings and want to stay there. Over 96% of Dutch residents aged 55 

and over and 93% of those aged 65 and over live independently, while the amount of 

seniors has increased substantially in that time period (plus 45%) and the amount of 

residential care homes has increased (minus 15%) (Delfgaauw & Forschelen, 2010). 
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The possibility of living independently when growing older, and possibly becoming 

more dependent, is influenced by many factors, related to the person, the personal 

situation, as well as the environment (Bell, Green, Fisher, & Baum, 2001). Personal 

factors that influence the possibility to live independently are for example: age, health, 

personal preferences and motivation, cognitive and physical constraints, and 

character. These factors do not individually influence the possibility of independent 

living, but have to be looked at as a whole. For example, a 90-year old wheelchair 

dependent male, who wants to stay in his renovated house, may have a higher 

possibility of living independently than a 75-year old woman who feels alone and 

frightened since her husband passed away. The personal situation of an older person 

thus also plays an important role: factors such as having a partner of not, the financial 

situation, and the distance to and availability of relatives and friends can partially 

determine whether a person stays in his own house or moves to a care facility. Again, 

these factors should be examined in relation to the personal factors, as mentioned 

above, and environmental factors. Environmental factors that may influence 

independent living are: governmental decisions (policy), costs of care, society, 

neighbourhood, public transportation, technical support, et cetera. If the 

neighbourhood is experienced as unsafe, and there are few services available, one may 

decide to move to an institutional setting more quickly than when the neighbourhood 

feels safe and supportive. 

According to the triad model of preferred behaviour (Poiesz, 1993) motivation, 

capacity, and opportunity determine whether a person acts in a certain way. In the 

context of independent living, motivation refers to the willingness to live 

independently; capacity refers to the personal (physical, cognitive, financial) ability for 

independent living; while the opportunity to live independently is determined by the 

environmental factors. Considering the use of smart home and telecare technology to 

support independent living, implementing technology involves affecting the 

environmental factors; the opportunity.  

1.2.3 Housing 

In case elderly care-dependent people stay in or return to a non-institutional setting, 

the demand for life-independent housing is expected to grow. The demand is expected 

to result in 35% life-independent houses of the total housing market. Instead of 

institutional or large scale clustered living, seniors can choose independent 

alternatives, ranging from independent living in care district, clusters, sheltered 

accommodations (for care indicated clients), individual housing with homecare, to 

(other) life-independent housing, suitable and adjustable for people with a slight 

functional disorder. The increase of suitable houses is not only possible by building 

new houses, but also by adapting existing houses. These adapted houses should 

consist of both rented houses and owner-occupied properties. In the Netherlands, one-

third (100,000) of all severely disabled persons aged 65 and over live in regular homes 

that have interior staircases and that have not been adapted to their needs. In 2004, 
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one-fifth of all seniors (about 750,000 people) lived in some 500,000 adapted homes 

(De Klerk, 2004).  

A study (Delfgaauw & Forschelen, 2010) among consumers aged 60 and over shows 

that people who are willing to move to another housing facility prefer adapted homes 

over any other housing (see Table 1.2). Independent housing is clearly preferred. 

 

Table 1.2: Percentages of preferred housing forms for people willing to move 

(Delfgaauw & Forschelen, 2010). 

Housing form   Preference (%)  

Seniors housing  43  

Apartment 38  

Family home 7  

Residential care home 2  

Other / No opinion 10  

Total 100  

 

 

To address the growing demand for life-independent housing, the Dutch government 

and the local authorities have the intention to increase the supply of senior housing, 

promote affordability (by means of rent subsidy), improve the quality of newly built 

homes (making them modifiable), and encourage the combination of housing and care 

(Paridaen, Tromp, & Boersema, 2006; De Klerk, 2004). For the latter, smart home and 

telecare technology comes into play. 

1.2.4 Welfare 

In addition to a sufficient supply of adapted homes, care and welfare facilities also 

need to be made available in the community in order to support seniors to live 

independently (Delfgaauw & Forschelen, 2010). Popular housing solutions include 

projects with integrated neighbourhood services and sheltered housing projects (i.e. 

full-service lifetime housing estates). Nowadays, an effort is made to realise as much 

housing as possible in regular residential areas, instead of in secluded areas, which 

was once common practice. Homes are often part of small-scale housing projects, 

where the occupants can actively participate in society through social activities and 

work. This trend is also referred to as 'community care'. 

The field of welfare comprises of ‘get services’, ‘bring services’, and internal services. 

Elderly people with a light care demand will mainly need the ‘get services’, for 

example elderly gymnastics and dinner for the elderly, while heavy-demand care 

receivers will mainly make use of the ‘bring services’, like precooked meals and 

grocery delivery service at home. The internal services, which are mostly used within 

intramural and clustered settings, are for example day nursery and meal services. The 

three welfare services (‘get’, ‘bring’, and internal) are respectively found in an activity 

centre, coordination centre, and care centre. 
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The demand for welfare services will grow enormously the coming years, due to 

extramuralization, ageing, longer independent living, and the population growth in 

general. In addition, a better product sale is expected due to a more differentiated 

custom-made supply and better market function (Provincie Utrecht, 2003). The local 

authorities are in charge of organising the less intensive forms of assistance and 

support, under the Social Support Act (‘WMO’, since January 2007). 'Social support' 

refers to activities that help people participate in society. Therefore, the social aim of 

the WMO is to encourage participation by everyone in all aspects of society, with or 

without the assistance of friends, family members, acquaintances or the local 

authorities. The various care and support facilities should be coordinated and be 

readily available in the immediate living environment. Telecare is expected to be an 

optional means to realize this.  

1.2.5 Care  

Care supply can be divided into seven functions (used for care indication, e.g. by 

Centrum indicatiestelling zorg (CIZ)): domestic care, personal care, nursing, support, 

activating support, treatment, and accommodation. As mentioned earlier, the care 

demand is not only expected to increase, but also to change from intramural to more 

extramural care. In the Netherlands, the number of people receiving extramural care 

has increased on average with 3.5 percent per year (2000-2006), while the number of 

intramural patients has declined with 0.7 percent per year (CBS, 2007). In the Dutch 

providence of Utrecht they expect a growth of 90% between 2003 and 2020 in the 

number of people in need of extramural care. In combination with the decrease of 52% 

in intramural care, the total care demand is expected to grow with 36%.  

As a result, the costs of care will increase substantially (RVZ, 2006a; Stichting 

Brainport, 2007). Calculated care costs per resident are already increasing in the 

Netherlands. In 2003 the average expenses per person were around € 3.550, and are 

expected to increase to € 6,390 in 2020 in case of unchanged policy (Stichting 

Brainport, 2007). For people aged 85 and up the current care costs almost reach € 

30.000 per resident. For the near future a shift from nursing care and residential care 

towards home care is needed and expected. An associated effect is a needed increase 

in home care capacity. However, an absolute decrease in care professionals and 

informal caregivers is expected (Van der Windt, Smeets & Arnold, 2009), while the 

burden on these caregivers is growing in intensity and duration (Oudijk, De Boer, 

Woittiez, Timmermans, & De Klerk, 2010). The required absolute and relative increase 

of home care professionals can never be reached due to the current demographic 

trends of fewer young workers, and less interest in the care work field, as well as 

fewer informal caregivers (Stichting Brainport, 2007). This means, especially for the 

growing demand in home care, that care provision has to become more efficient. 

Informal caregivers, who provide more than 75% of all long-term care in the 

Netherlands (RVZ, 2006b), need to be supported in the care process. In addition, it is 

necessary to gain insight into the housing, welfare services, and care supply of the 

multiple organisations, that are involved in the care process. Now that the care 
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receiver is becoming a self-reliant active consumer more than a passive patient 

information on possible care supply needs to be available and accessible (Stichting 

Brainport, 2007). Moreover, a good cooperation between the care organisations is 

crucial for integral care supply. Information and Communication Technology (ICT) 

has potential to support these processes and to make (home) care more efficient. 

 

1.3 Technological developments 

 

Not only social changes function as a driving factor for the use of smart home and 

telecare technology by elderly people, also the technological developments work as a 

catalyst for the trend towards remote care and independent living.  

1.3.1 Smart home technology 

At the moment, there are many applications on the market that are called ‘smart home 

technology’. Due to an indistinct definition1 of ‘smart home technology’ it is not clear 

what type of technology is, or is not, a smart home application. Many applications 

originate from long existing systems that were originally not called ‘smart home 

technology’. An example is the personal alarm unit, a technology that is often used in 

home care situations. Pushing the red button on the alarm unit, necklace (pendant), or 

bracelet, generates an alarm in order to activate the assistance. In the first-generation 

smart home projects this application was seen as the heart of the smart home, in which 

personal safety was the main topic. Currently, the concept of ‘personal alarm’ is 

extended with smart options, like an alarm check (to reduce the amount of false 

alarms), an emergency room, a remote electronic locking system, turning television 

and radio off in case of an alarm, and switching on the lights. 

Smart home technology or home automation is a concept that is evolving constantly. 

Looking at the technology that is nowadays called smart home technology, three 

generations of technology can be distinguished (Mohammadi, 2010). Each generation 

originates from technological developments and experiences with prior generation 

technologies. 

 

 

                                                             

1 A definition of smart home technology (Dutch: ‘domotica’), by the Smart Home Foundation in the 

Netherlands, is: “the integration of technologies and services, applied to homes, flats, apartments, 

houses and small buildings with the purpose of automating them and obtaining and increase safety 

and security, comfort, communication, and technical management.” (Smart Homes, n.d.) A smart 

home, thus, is “about using the latest information and communications technology to link all the 

mechanical and digital devices available today – and so to create a truly interactive house” (Gann, 

Barlow, & Venables, 1999, p.ix). 
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E-domotic homes 

The first generation smart home technology – also called e-domotics – deals with 

house-tied technology, with personal safety and comfort as main focuses. The normal 

electricity network, a home-bus system and the telephone line are the network systems 

used in these houses. The applications include active personal alarm, electronic 

locking system, and video door intercom. 

I-domotic homes 

The second generation smart home technology is often referred to as ICT-domotics. 

The technology is more personal, and it includes technologies like a personal 

computer, a webcam, and broadband internet. The main difference with the first 

generation of smart home technology is the connection between the home and the 

outside world, achieved by means of a residential gateway. Second generation 

applications are screen to screen contact, remote monitoring, and smart sensors.  

Smart surroundings 

The third generation smart home technology that is expected in the future will include 

an environmentally sensitive home (for example the Aware Home at Georgia Institute 

of Technology). An ambient intelligent system is expected to have both perceptive and 

reasoning capabilities. The system – and thus the home environment – will be 

sensitive, adaptive, as well as responsive to the users involved. The home is capable of 

knowing who is in the home, in what condition the person is and what the personal 

needs are related to the situation. 

Smart home domains, functionalities, and applications 

The functions of smart home technology are quite extensive (Table 1.3). Many 

researchers and organisations have classified the technology in functional, or goal 

domains (e.g. Van Bronswijk et al., 2009; Friedewald, DaCosta, Punie, Alahuhta, & 

Heinonen, 2005; V. Pang, personal communication, October 12, 2005; Rutten, Rutten, & 

Willems, 2005). Devices that reduce the amount of effort to control the house 

(automatic lighting; remote controlled curtains, etcetera) are classified in domains like 

‘home automation’, ‘comfort’, and ‘enhancement and satisfaction’. Devices related to 

communication and social contacts (e.g. video telephone) are often classified in a 

specific domain ‘communication’. Devices that support care processes (e.g. telecare) 

are also classified in a specific goal domain (care, safety, support).  

Most smart home technology originates from the luxury segment and holds various 

application domains. However, it is nowadays often used in care settings. In Table 1.4 

examples of smart home technology applications are mentioned in relation to care and 

welfare functionalities. 
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Table 1.3: Goal domains of smart home technology. 

Smart home technology by the Smart Home Foundation (Smart Homes, n.d.) 

Safety 

& 

security 

Comfort Commu-

nication 

Technical 

manage-

ment & 

Infor-

mation 

Energy & 

Climate 

Leisure & 

games 

  

 

Smart home technology by the Domotica Platform.nl (www.domotica.nl) 

 Comfort Commu-

nication 

Buildings Energy Leisure Care Working 

 

Smart home functionalities by  Rutten et al. (2005) 

Safety 

& alarm 

Physical 

safety 

Social 

attention 

Infor-

mation 

 Other 

services 

Medical 

care 

 

 

Smart home applications by Van de Mortel & Kleinhans (2004) 

Safety Comfort    Energy  Leisure  Care  

 

Ambient intelligence by Friedewald et. al. (2005) 

 Home 

automa-

tion 

Commu-

nication 

& 

sociali-

zation 

  Rest, 

refreshing, 

entertain-

ment & 

sport 

 Working 

& 

learning 

 

Assistive technology in the care of older adults by Pollack (2005) 

Assu-

rance 

systems 

 Compen-

sation 

systems 

Assess-

ment 

systems 

    

 

Gerontechnology by Bronswijk et al. (2009) 

Preven-

tion & 

engage-

ment 

Compen-

sation & 

assistance 

Enhance-

ment & 

satisfaction 

   Care 

support 

& 

organiza-

tion 

 

 

Smart home functionalities by V. Pang (personal communication, October 12, 2005) 

Indepen-

dence 

(protect-

tion) & 

comfort 

Well-

being & 

‘atten-

tion 

care’ 

    Support 

of care 

process 

(efficien-

cy) 

 

 

 

The functionalities of the second generation technology as described in Table 1.4 are 

not particularly smart. The promising qualities of smart home technology use in the 

future are not expected from stand-alone functionalities, but from intelligent 

connections of application in a network. For this, a platform is needed for 

communication between services devices and applications (Brink, 2013). 
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Table 1.4: Care and welfare functionalities and corresponding smart home applications. 

CARE AND WELFARE FUNCTIONALITY SMART HOME APPLICATION 

1 Care and services   
 Active personal alarm: 

- alarm reception 

- care / welfare action 

 Active personal alarm: 

- alarm unit 

- speech connection 

- emergency room 

- remote door locking system (smart keys) 

 Screen to screen contact: 

- information and advice 

- supportive and activating help 

- interaction between client and 

professional and/or non-professional 

(‘good morning services’) 

 Two-way picture and speech connection 

 Supporting medical self-care / 

telemedicine:  

- information and advice 

- telemonitoring of physiology 
 

 Two-way picture and speech connection 

 

Application for monitoring 

2 Personal safety   
 Passive personal alarm: 

- alarm reception 

- care / welfare action  

 

 Passive personal alarm: 

- (motion) sensors for (in)activity 

- speech connection 

- emergency room 

- remote door locking system (smart keys) 

 Monitoring behaviour to prevent unsafe 

situations 

 

 Remote monitoring / one-way picture 

connection / camera in the home: 

- emergency room / observation room 

 Access control 
 

 Video door intercom 

3 Safe and user-friendly home control    

 Controlling the home  Turning the house on / off 

 Controlling the kitchen  Turning the kitchen on / off, cooking timer, 

gas detector 

 Lighting  Light scenarios: 

Night orientation lights in the bedroom, light 

path towards bathroom, automatics lights in 

bathroom, presence simulation 

 Controlling environment and apparatus 

 

 
 

 Scenarios for remote control / environmental 

control (e.g. lights, temperature, curtains, sun 

blinds) 

4 Security   

 Fire alarm  Fire alarm: smoke sensors, emergency room, 

possibility to verify situation by speech 

connection 

 Burglar alarm  Burglar alarm meeting the hallmark Politie 

Keurmerk Veilig Wonen; emergency room, 

possibility to verify situation by speech 

connection 
 

Based on: Provincie Utrecht – Toekomst Thuis – 2006 
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Textbox 1.1: Intelligent house. 

The level of ‘intelligence’ in the home can be explained by means of the smart home 

levels, described by Aldrich (2003), and Mann and Milton (2005). Aldrich proposes five 

hierarchical classes of smart homes, going from a home with intelligent objects, with 

communicating object, to connected homes, learning homes, and eventually adaptive 

homes. The eight levels of ‘smart houses’ by Mann and Milton are not only based on the 

complexity and how long the function has been available (or are not available yet), but 

also describe the amount of control the resident assigns to the house (Table 1.5). These 

smart house levels can be viewed as an extension of the smart home generations 

mentioned before (by Mohammadi, 2010), by giving a clearer look into the future 

development of this kind of technology. 

Table 1.5: Smart House Levels. 

SH-LEVEL DESCRIPTION 

1 Basic communications like telephone, television, radio and internet. 

Internet not self-evidently present in all households (especially in elderly 

households). 

Many older adults depend on the telephone, while the internet can give them an 

even more (user-friendly) access to services. 

A necessary basis for the subsequent levels. 

2 House responds to simple control commands (voice commands or remote control); 

doors, windows, lights, appliances, curtains can be controlled within or outside the 

home.  

Only few people have these functionalities already installed in their homes.  

By specialists considered an outdated utilization of smart home technology. 

3 Time function / automated functions. 

Thermostat, lights and music are controlled using cycles or scenarios. 

4 House responds to the presence of a person or to internal or external input. 

Sensors and cameras make it possible to track location, behaviours, and health 

indicators of the residents. 

5 Data is analysed, in order to make decisions and take actions. 

House is capable of recognizing patterns and preferences of residents. 

When measuring something distinctly different, the house gives a signal or 

suggestion. Depending on the amount of control the resident assigns to the house, 

the house makes an external alarm, gives an internal warning, makes a suggestion to 

warn someone, or how to solve the problem. 

6 House is able to provide information or reminders on daily activities and situations. 

House will know when mail has been delivered, when front door has been left open 

too long, or when the resident has forgotten to take his medication. 

7 Resident can give orders to the house, and after searching its database the house will 

respond appropriately. Voice recognition and an extensive local database (an ‘in-

house Google’ system).  

Probably too complex for demented people; does not stimulate (older) people to use 

their intellectual powers. 

8 System will recognize when people are in need of something. 

Needs may involve household issues (making a grocery list), health issues (ordering 

medication, tracking food consumption), or maintenance issues (hiring a handyman 

when something needs to be repaired). 

 

 



D r i v i n g  F a c t o r s  f o r  T e l e c a r e  A p p l i c a t i o n                   29 

 

 

Figure 1.2: Sensors (e.g. light sensor (1) or switch (4)) and actuators (e.g. window blind (7) 

heater (8)) in a smart home system (Source: http://bestbeveiliging.be). 

 

Current smart home technologies in the (home) care sector involve networked 

applications of sensors and actuators in a system (see Figure 1.2). A sensor is a 

command initiator such as a switch, light sensor, or contact sensor that senses the 

environmental condition. An actuator is a command receiver such as a light bulb, 

window blind, or television. By means of interconnections between these sensors and 

actuators ‘smart home’ functionalities appear, e.g. closing windows and curtains, and 

descending window blinds at night, or closing sun blinds at a certain light intensity, 

that go up when the wind is getting too strong. 

By connecting all appliances and actuators and sensors in a network – by means of a 

home control box – the desired smart home functionalities can be reached. In the 

Netherlands the ‘domotics test’ (Dutch: ‘Domoticatoets’: http://www.domoticatoets.nl) 

is available to connect user needs to smart home applications, and make the 

functionalities accessible and available to (end-)users. The web-based questionnaire 

guides elderly people or their relatives through the possibilities, which are available 

on the market, to allow them to remain in their own home for as long as possible. 

Some examples of current smart home technologies, described from a user’s approach, 

are the following. 

Safety and security 

Elderly people may feel a bit anxious in their own house and in some cases even prefer 

to move, for example, to a warden-assisted flat to feel more secure. This fear is mostly 

felt by people living alone, who were used to living with their partner. At the same 

time, some elderly people may feel physically less powerful than in former times. To 

increase their sense of security and safety people can install a fire alarm, a burglar 

alarm, and a video door intercom. When the video door intercom and a camera at the 
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central or front door are connected to a television and an electronic door opener, a 

smart home application can be achieved. By ringing the bell at the front door, the 

visitor appears on the television screen, and the resident can talk to the visitor and can 

open the door with the remote control. In case of elderly users the design of a video 

door intercom requires special attention. Prior studies (e.g. Eyck, 2004) have resulted 

in video door intercom design requirements. Obviously, the screen must be of good 

quality and not too small. When the video door intercom is connected to the television, 

the television preferably does not need to be stand-by, in order to receive a picture of 

the person at the central door. By choosing a picture-in-picture solution, people’s 

television program is not interrupted when a visitor rings the doorbell. It is important 

to create distinct sounds and/or visual cues to know what is ringing, especially when 

the sounds of the telephone, central doorbell, and front doorbell are generated by the 

same device. As the video door intercom is preferably placed wherever the user wants 

it, it should be flexible or portable (e.g. Apple® iPad). Some people prefer to have a 

second (or portable) video door intercom device in their bedroom to have the 

possibility to remotely open the door from there. 

Fall accidents 

Many fall accidents of elderly people occur at night, while going to the bathroom. The 

cause of this risk is not turning on the lights (in time). Smart home technology that 

may be helpful in these situations is a floor or bed sensor connected to the lights. 

When leaving the bed, orientation lights turn on, on the way to the bathroom, where 

the lights are also turned on automatically.  

In the event of a fall, the elderly person may not be able to get up. Elderly people 

appear to be afraid of lying on the floor for days before someone notices them. People 

who live alone, who would be unable to get up in case of a fall accident, can be helped 

by an active or passive alarm system.  

While the personal alarm unit is frequently used in home care, the application in a 

smart home system results in new functionalities. An alarm unit can generate various 

alarms: an active alarm, a passive alarm, or a burglar alarm. An active alarm is 

activated by the client, by pushing one of the red buttons (on the alarm unit, necklace, 

bracelet, or on the wall) or pulling a red cord (in the bathroom). A passive alarm is 

generated when motion detectors have not detected any motion for a set period of 

time. This functionality needs input about whether the client is at home or not (using 

an ‘on/off switch’). When the client is not at home, the motion detectors can function 

as a burglar alarm. Another option is the client wearing a fall-detector device that, 

with the occurrence of a fall, will generate an alarm.  

Although a personal alarm unit is useful especially for people living alone, both 

singles and couples appear to appreciate the personal alarm unit (Willems, Vlaskamp, 

Sponselee, & Crooymans, 2006). While elderly people are aware of the fact that an 

active alarm is insufficient when they are hit by a stroke, the passive alarm is less 

popular due to the risk of false alarms. To overcome this sensitivity for false alarms, it 

is recommended that when no activity is measured in the house, while the resident is 
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at home, an alarm is given to the resident first (verification). In case of no reaction, the 

actual alarm is made. To give elderly users the possibility to interrupt a false alarm, it 

is best to have only one understandable way to interrupt a false alarm. The system 

preferably gives feedback when it takes time to cancel the alarm. This feedback is 

better not digitally spoken text, as that is often too fast and not clear enough for people 

with impaired hearing. 

In an alarm situation, the lights can be turned on to reassure the resident. The 

television and radio are turned off to facilitate the two-way speech-connection 

between the home and a care centre. A camera view can also be generated towards the 

care centre, to assess the situation from a distance.  

Mobility restrictions  

There are many remote control functionalities available for people that are mobility 

restricted, for people in a wheelchair, or who are bedridden. Elements that can be 

controlled by sensors, timers, or a remote control are for example window blinds, 

curtains, lights, windows, and doors. It is questionable whether older people who are 

not or little mobility impaired should be given these remotely controlled devices, as it 

takes away the required movement that is good for elderly people. Indeed most 

elderly people prefer to stay as active as possible. Although younger users may 

perceive it as convenient to use a remote control or automatic functions, elderly people 

may perceive it as an utterance of dependability.  

The use of a remote control may cause several difficulties in the area of human-

technology interaction. Besides the lack of user-friendly interfaces (e.g. too many 

(unnecessary) buttons), people often must aim the remote control at a central sensor, 

instead of at the device that they want to control (e.g. light). This action requires 

practice. It is best if a remote control works in the entire (living) room, independently 

of furniture blocking the sensors. 

Automatic functions - especially automatic lighting - may also cause problems, when 

not designed or programmed properly. Lights e.g. tend to stay on too long 

(experienced as a waste of money), may turn on unwantedly (e.g. washing machine 

causing motion detection), or lights may go out when it is undesirable (e.g. when 

taking a shower).  

The fact that many services become remotely available at home can be helpful for 

people who are little or more mobility restricted. The use of cameras can be helpful for 

enriched communication that does not involve personal transport, for example 

between caregiver and care receiver. The possibility of self-care (e.g. by means of 

telemedicine) for people with chronic health problems makes daily or weekly 

travelling towards a specialist unnecessary. In case of unsatisfactory physiological 

data, the system can send a short message, or automatically contact a caregiver or 

specialist. Cameras can also be used in case of emergency. The alarm centre can look 

inside the house to see what has happened. The use of cameras, however, must be 

regulated in order to protect the privacy of the users. The client must give consensus 

to use the cameras. An indication light is often used to see whether a camera is in use. 
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Forgetfulness 

It is well-known that forgetfulness mainly comes with age. Elderly people may feel 

anxious as they cannot rely on their own attention. Even their health can be threatened 

when people forget to take their medications. Optional smart solutions are a pill 

reminder, a timer on the stove, or an ‘on/off switch’ for the house. When going to bed, 

or when leaving the house, the on/off switch cuts off the power from certain 

appliances, such as television, radio, stove, and lights, while at the same time a burglar 

alarm is activated. The use of a switch to turn on and off important devices in the 

home, including motion detection, can be very helpful and safe for elderly people who 

become forgetful. A disadvantage of such a system is the number of false alarms, 

when people forget to set the switch in the right position. Especially for people who 

suffer from dementia or with poor eyesight the system is less or unsuitable (Eyck, 

2004). It is sometimes difficult for elderly people to understand how the system works 

and why the switches must be used, as a lot of devices are interconnected in the 

system. The problem here is that a functionality that is very useful for people who are 

forgetful, is available as an application that is less useful for elderly people. When 

people decide to use this functionality, one should be aware of clear labelling, proper 

feedback on the status of the house, and an elderly-friendly user-interface. If a text 

display is available, it is usually small, leading to many abbreviations, which reduces 

intelligibility severely. Moreover texts are often hard to read in the dark. 

External entrance 

Care organisations that provide home care, normally have to deal with a large amount 

of keys to the houses of their clients. In case of an alarm situation it is important to get 

to the client, and enter the home, as fast as possible. By going to a central location 

where all the keys are stored, to obtain the correct key, valuable and possibly crucial 

time is lost. An optional solution is a key-safe (Dutch: ‘zorgkluis’, by LIPS®) near the 

front door. Care providers can use their own key to open the safe and get the care 

receiver’s key in return. Another solution is assembling an electronic lock in the front 

door that can be unlocked from a distance, from the care centre, from a palmtop or 

smart home, or by pushing the doorbell. The latter is mainly cost-effective in new 

apartment blocks, but requires additional security protocols against uninvited visitors. 

System function diagram 

As mentioned before, standalone functionalities as described above will not 

automatically bring the promising qualities of smart home technology. Intelligent 

connections of functionalities in a network will provide increased functionality for the 

future. An attempt has been made to connect optional system functions in a diagram 

(see Figure 1.3). In the IJsselstein project the diagram has been used to illustrate the 

complexity of functionalities in a smart home system (Rutten et al., 2005). The diagram 

shows that a smart home system involves a least three important layers: functionalities 

in a residence, a central control centre, as well as underlying services. The purpose of 

the system function diagram is to discuss with care, welfare, and housing 
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Figure 1.3: System function diagram. 
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organisations involved in smart home projects how a smart home system functions 

and what is actually needed. The diagram can also be used for defining the schedule 

of technical requirements and for selecting technology. The diagram illustrates that 

implementing smart home technology in (home) care situations involves not only 

technological challenges but also organisational changes and developments.  

1.3.2 The future of smart home and telecare technology  

The implementation of smart home technology in the future is expected to be 

influenced by other technological developments in the periphery of smart home 

applications. This section gives on overview of some current technological 

developments that are expected to have an influence on smart home and telecare 

development. Next, multiple examples of new ‘smart’ or ‘digital’ care applications are 

mentioned, that aim at comparable goals as smart home and telecare technology. 

Current general technological developments 

Internet 

To connect smart home technologies in a network, the system requires a proprietary 

network (e.g. coax, twisted pair, power line, radio frequency, infrared, glass fibre) as 

well as a communication protocol (e.g. KNX, EIB, X10, TCP/IP). In the recent past 

applications of smart home technology were mainly based on a wired bus system 

within the home. Wired networks have high reliability (X10 over power line, for 

example, is frequently used for security properties), but are often limited in their  

capabilities. Currently, developers of smart home technology are stepping up to 

TCP/IP networking, exploring these technologies’ advantages. Digital networking 

technologies like CAN, LonWorks and TCP/IP deliver larger bandwidth and longer 

operating range than conventional networks. TCP/IP simplifies network structure and 

reduces wiring equipment and installation costs by unifying traditional video, audio, 

data and control cables into one Cat 5 or fibre-optic type. Besides bigger bandwidth, it 

supports remote control over the Internet and expandability. Despite higher hardware 

costs, total network costs are expected to decrease due to the extended possibilities for 

increased accessibility and availability of services over the network. Via a personal 

computer, touch screen, tablet, or smart phone, every application that is connected to 

the network can then be controlled, adjusted, or managed. By means of a ‘gateway’ all 

incoming signals can be assembled and connected to each other. This way new ‘smart’ 

functionalities and systems can arise. 

Two-way (video) communication 

Broadband, enabled by optical fibre, makes two-way video communication easier to 

apply and possible at high quality. Optical fibres (made of glass) are designed to send 

vast amounts of information at the speed of light. Functionalities like video consulting 

and family chat can become a standard in houses that have fibre-to-the-home. By 

developing new services, other functionalities can be brought to whoever wants it or 
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needs it. The possibilities are limited by the creativity and willingness of service 

providers, and may involve medical centres with video consulting, medicine intake 

reminders and guidance, video coaching for exercises and programs, labour services, 

social support groups, online pharmacy, online grocery shopping, et cetera.  

Social media 

The increasing availability of the internet in combination with the popularity of smart 

mobile devices, as well as the growth of social media networks has led to the 

emergence of such dedicated networks such as Medicine 2.0 or Health 2.0: the use of 

internet (Web 2.0) technologies in healthcare (Van De Belt, Engelen, Berben, & 

Schoonhoven, 2010). “A tweet a day keeps the doctor away” (Chhanabhai, 2009, p.97). 

In response to the increased use of smart phones and social media, new applications 

have been developed, for example a necklace that measures heart rate, and sends 

alarming data to the hospital via a smart phone (Witteman, 2010), a device that tests 

blood or saliva on STDs through a cell phone, online information on diseases, 

symptoms, or disorders that prepare a patient for the consult with a specialist, or a 

consult with the general practitioner via Twitter® (Van der Leeuw, 2010). These 

applications are considered to reduce the pressure on current healthcare and welfare 

services. According to the manufacturers these applications support self-care, 

distinguish patients looking for information and reassurance from patients who need 

personal care and consultation of a specialist or GP, and provide options for 

preventing deterioration as care and welfare become more widely available and 

accessible. However, the organisational infrastructure around these services as well as 

the control of false alarms will determine the effectiveness of these services. 

 

Ambient technology  

Ambient Intelligence (AmI) refers to electronic environments that are sensitive, 

adaptive and responsive to the presence of people, in order to create the desired 

atmosphere and functionality (Aarts, Harwig & Schuurmans, 2001). It implies a 

seamless environment of computing and advanced networking technology that is 

aware of human presence, personalities, and needs and is capable of responding 

intelligently to spoken or gestured indications of desire, and even in engaging in 

intelligent dialogue.  

Technology can be called 'ambient' when people are no longer aware of the presence 

or use of the technology, and it is part of their daily routine. The technology does not 

need to be invisible, but it should be unobtrusive. Marc Weiser described the future as 

follows: "The most profound technologies are those that disappear. They weave 

themselves into the fabric of everyday life until they are indistinguishable from it". 

(Weiser, M., 1991, p.94). The use of the technology and the technology itself should be 

part of daily life and of normal behaviour. Technological applications can only be 

unobtrusive if the system is user-friendly, if it works when it is expected to work, if it 

works the way it is expected, if the technology is not eye-catching or stigmatizing, if it 

is reliable, and also if it is functional. If the technology has too much effect on the 
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habitual behaviour of the user, it is thus not ambient, and it will not be easily accepted 

by novice users.  

Future developments may lead to an aware house that ‘knows’ what the resident 

needs and subsequently responds to that need, by, for instance: order groceries; order 

services; order medicine; adjust lights to the desired situation; adjust sound and 

multimedia to the desired situation; adjust heating, ventilation, and respond to 

pollution, or call for help in case of an emergency. The challenge, however, is to 

understand what sensor information is necessary to understand the needs of the 

resident. Not only can the house become an ambient environment, filled with sensors 

and actuators (the Home Area Network [HAN], low data rate, but highly reliable), the 

personal workspace or life space (Personal Area Network [PAN]) as well as the person 

himself can become part of a network (the Body Area Network [BAN]). A personal 

area network is a computer network for interconnecting devices centred around an 

individual person's (work)space, like mobile phone, personal digital assistant, utensils, 

or switches. In case of a BAN the person has several sensors attached to the body or 

placed in his or her clothes that measure his or her physical status. Changes in 

measured values may activate other sensors or actuators. If these sensors are 

connected to a network that is contact with care professionals for example, remote 

monitoring and care services are possible (IMEC, 2008). 

 

Beside these general technological developments that may affect care, welfare and 

housing for elderly people, there are multiple technological innovations (on the 

market or under development) that illustrate potential futures in the care, welfare, and 

housing areas. 

Current technological innovations 

Future housing 

Regarding the envisioned future housing, there are multiple examples of ‘Homes of 

the future’ in the Netherlands, Europe, and the rest of the world. In the Netherlands, 

the first house of the future, designed by Chriet Titulaer, was opened in 1989 in 

Rosmalen. In 1995 Living Tomorrow opened its first project in Belgium, and has 

renewed its ‘House of the future’ several times (http://www.livingtomorrow.com). In 

2003-2008 they opened a ‘House and Office of the future’ in Amsterdam, the second 

Dutch example of future living. The latest technology that is already available on the 

market is presented in the smart demonstration home of the Dutch Smart Home 

Foundation (http://www.smart-homes.nl/de-slimste-woning/home/). These homes do 

not only demonstrate care related technologies, but also comfort technologies and 

applications like a smart refrigerator that, for example, automatically orders groceries 

that are missing in the fridge, that can compose optional recipes, or that sends alerts 

concerning sustainability. Although this is technologically possible, the application is 

still severely limited by the use of barcodes instead of RFID chips on products and the 

services that have to be organised around it.  
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Not only the kitchen, but also the bathroom can become smarter, for example by 

placing a smart toilet that monitors multiple physiological variables that are indicative 

of the momentary state of health (Harrington & Harrington, 2000, p.82). This concept 

seems particularly promising for regulating medication and diets, and for prevention 

of diseases. Another technological development that actually has already reached 

several nursing homes in Japan is the washing machine for elderly people (Brooke, 

2004) (see Figure 1.4a). The machine is able to wash, soak, and dry people who step 

into this adventurous device, which is expected to save a lot of time and thus money 

on carers who have to wash those who are not capable of doing it themselves  

Even in the design of houses we may expect more technological innovations. An 

example of integrated design is the illuminative wallpaper with integrated LED lights 

(see Figure 1.4b).The pattern can be personalized, either static or moving, controlled 

remotely or motion activated (http://www.jonassamson.com/). Such innovation can  

become useful for care or welfare purposes when the LED lights are used as adaptive 

night orientation lights or when changing colours and patterned are used for 

influencing mood swings or depression. Research centres like Philips are also looking  

for application fields of textile based LED solutions in garments, soft furnishings, 

architecture and interior design, as the technology is there 

(http://www.lumalive.com/business/), though the application pull is so far still 

missing.  

 

 

  
a)   b)          

Figure 1.4: Innovative technology in the home: a) human washing machine (Brooke, 

2004), b) LED lighted wall (jonassamson.com). 

Lifestyle monitoring 

By installing all kind of sensors in the home (cameras, motion detectors) we are able to 

register activities and movements of people. By analysing the data the lifestyle can be 

monitored, changes can be tracked, and acted upon. However, knowing what data is 

valuable, how this data can be collected, and making predictions based on the data is 

http://www.nytimes.com/2004/03/05/international/asia/05JAPA.html?ex=1079067600&en=c9a6a44483f2a562&ei=5062&partner=GOOGLE
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still rather difficult (Hanson et al., 2007). The first attempts in the Netherlands have 

been made with the Unattended Autonomy Surveillance system (UAS) by TNO, Quiet 

Care® by GE Health, and ADlife® by Tunstall. A well-known foreign ‘living lab’ is the 

MIT PlaceLab in Cambridge, Massachusetts, with hundreds of sensing components 

installed that are being used to develop innovative user interface applications as well 

as to monitor activity in the environment 

(http://architecture.mit.edu/house_n/placelab.html). Sensor information can also be 

used to assist cognitively impaired people in daily activities, such as cooking, in 

combination with actuators that display visual and vocal information to guide the user 

in his or her performance (Pigot, 2010). 

In addition to the home and personal area networks, a more invasive technological 

development is the Body Area Network. “It is expected that, in the next decade, 

technology will enable people to carry their personal body area network (BAN) that 

provides medical, lifestyle, wellness, assisted living, sports and entertainment 

functions for the user” (IMEC, 2008, Figure 1.5). With all kind of miniature 

sensor/actuator nodes, implanted or located at the body surface, the network is able to 

generate desired reactions based on bodily sensor data. Besides the technological 

challenge researchers are facing, the application field and user acceptance are main 

issues for using BAN’s in elderly care. 

There are multiple ways to remotely monitor the lifestyle of elderly people without 

sensors, for example by means of a device that generates questions on a daily basis, 

the Health Buddy (http://www.healthbuddy.com), by wearing a wrist-watch that has 

integrated sensors to measure vital signs, or by having a surveillance device installed 

in your home, like the Dutch ‘Maatje’ (English: ‘Buddy’). However, the difficulty is 

still how to interpret the generated data, and who is responsible for responding to 

declining or alarming values. 

 

 

 

Figure 1.5: Lifestyle monitoring by means of a body area network (BAN) (IMEC, 2008). 
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Entertainment and media 

The integration of a smart home system control panel in the home will become easier 

for people to install, control, and use when the system is internet based, and the 

control panel is mobile, thus wireless, or available online on a television screen. The 

development of flat screen televisions with integrated DVD-player, and integrated 

computer and a webcam, makes it possible to control a smart home system with a 

television remote control from any desired place. The television is predicted to be 

changing from a medium to watch the news, films, or other television programs into a 

medium for music, computer gaming, watching photos and camera footage, visiting 

internet sites, or even enter “world wide web distributed” social communities for 

forums, thoughts, and activity (tele-groups) (Van der Leeuw, 2010). A good example 

of successful gaming, not only for elderly people, is the Nintendo Wii. It appears that 

playing certain games results in weight loss (soChicken, 2008), as well as increased 

concentration and fitness (NOS, 2008). Elderly people can become active again, even if 

they are mobility impaired or have difficulties with going outside (Los, 2009). Yet, the 

development of services, games, and functionalities over the television that fit the 

needs of elderly people need further investigation.  

While the game industry as well as the personal computer including internet may 

bring new forms of entertainment and hobbies to elderly people who live 

independently, there is still a large number of people spending time reading books, 

newspapers, and watching television. Due to visual decline, however, many elderly 

people experience some restriction in watching television and reading. The 

development of digital books makes it possible to read the pages in the desired font 

size, like the newspapers that are available online. The predicted miniature monitor 

that fits on peoples glasses (Harrington & Harrington, 2000, p.150) has not been 

successful on the market yet; however, current developments in the field of 

augmented reality may bring corresponding or extensive functionalities for 

customization to the individual viewer.  

Another development in the field of interactive media is the natural user interface 

(NUI), like interactive tables (e.g. Microsoft® Surface® (Janssen, 2009)) and Xbox 

Kinect®. These multi-touch computers and optical movement trackers respond to 

natural hand gestures and real-world objects in a way that multiple users can interact 

with digital content and each other in a simple and intuitive way. There are interactive 

tables that communicate the atmosphere of a conversation by means of colours, and 

are capable of predicting the progress of the conversation or interaction. The principles 

of natural user interfaces are that enjoyment of interaction is more important than 

skills, people can interact intuitively, the interface is virtually multi-levelled, and the 

context is part of the experience (Janssen, 2009). 

Outdoor mobility  

There are many technological developments that might increase outdoor mobility, by 

taking away certain barriers that are experienced by (elderly) people. Research is done 

in the fields of motion monitoring and coaching (McRoberts, n.d.), effective cycling 
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(Van Bronswijk, 2007), driving simulators (to retrain older adults) and safe driving, to 

stimulate people to walk, cycle, and drive while being monitored, instead of 

decreasing their outdoor mobility due to insecurity or a lack of confidence or ability. 

By adding sensors and electronic modules to the clothing of people smart clothing can 

be realized. Depending on what technology is put in the garment, people can listen to 

music when wearing a smart jacket, keep hands warm thanks to heated gloves, check 

their heart rate while running, or have constant body measurements that generate an 

alarm when needed. Tags placed in clothes or shoes make it possible to be recognized 

everywhere, so the environment can respond to a person’s presence or let other people 

know where a certain person is. The latter is particularly interesting for people 

suffering from dementia, and their caregivers. Therefore, much research is done on 

way finding devices (Lyardet, Szeto, & Aitenbichler, 2009), like navigation tools (both 

indoors and outdoors) (‘TomTom-walker’, 2008; Chung, Modlitba, Chang, & 

Schmandt, 2008), tracking devices (Schoppers, 2009; Domoticashop, 2009; 

Splashbuzzer®), and emergency phones. Even paying by means of your mobile phone, 

which is currently available on a small scale (e.g. in Japan), illustrates the potential for 

new forms of electronic payments to reduce experienced difficulties in outdoor 

mobility (like remembering the PIN code, and trusting the technology). The Rinspeed 

company developed a concept car that “actually senses the driver by measuring his (or 

her) biometric data, and then exerts a positive effect on him with the help of patterns, 

colours, music and fragrances” (http://www.rinspeed.com). The idea behind the 

concept is that a person who is relaxed and wide-awake drives better and more safely. 

Even severely paralyzed people may regain their outdoor mobility in the near future 

by means of eye-controlled or brain-activated wheelchairs. Brain-centred design aims 

at navigating a wheelchair by the brain-waves of the driver (Garipelli et al., 2008). The 

focuses of these developments are either on enhancing people to continue what is still 

possible, stimulating them to gain confidence in their own acting and prevent loss of 

abilities, or compensating with technology for what is no longer possible.  

Robotics 

To support independent living innovative, user-friendly, desirable, and even social 

interfaces are required. Many robotic creations have been developed in the last 

decades to support or take over certain tasks that cannot be performed by a person, in 

relation to accuracy or precision, as well as due to physical or mental limitations. 

Robots currently available on the market can perform odd jobs, like mowing the grass 

or wiping the floor (iRobot®). From an elderly support point of view, these robots are 

able to support people in performing tasks that would otherwise not be possible any  

more. Other examples of supporting robotics are the Philips® iCAT (research 

platform: Philips Research (n.d.)) and the Toshiba® ApriPoco (2008) (development 

stage) (see Figure 1.6). These robot interfaces are provided with sensors, a microphone, 

as well as a camera. Specific pictures, sounds, spoken texts, and other perceived input 

may trigger certain reactions. Both robots are able to control household devices, like 

televisions and DVD players, through voice commands. They are expected to be useful  

http://www.rinspeed.com/
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a)                b)                 

 
c)            d)                       

 
e)                f)                        

Figure 1.6: Interactive robots: a) iCAT, b) ApriPoco, c) Nabaztag, d) Paro, e) Aibo, f) Nao. 

 

for elderly people who tend to shun the complicated functions of household 

electronics (AFP, 2008) or need coaching in daily life (e.g. medication). Interactive 

robots can also be used for socio-emotional purposes. The robot rabbit Nabaztag has 

been introduced in Dutch hospitals to communicate incoming messages from friends 

and family to the (child) patient, in order to feel more at ease in the hospital (Nap, 

2009). The AIST robot seal Paro as well as Sony® robot dog Aibo the have been 

frequently studied as potential social interacting robot pets, to stimulate interaction, 

improve socialization, and psychologically affect people by reducing stress and 

improve relaxation (Van den Berg, 2009) and appear to be successful in doing so. The 
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development and production of Aibo stopped in 2006. Paro was first introduced in 

Dutch hospitals in 2009 (Vermeulen, 2009). The Alberdan NAO robot is a promising 

robot, currently used by more than 350 universities and research labs for research 

regarding robotics, computer sciences, man-machine interaction, and social sciences 

(For research, n.d.).  

Due to its potential to resemble human-human interaction (in contrast with human-

robot interaction), the NAO robot is expected to be useful for interaction with elderly 

people (Cuijpers et al., 2010). For remote interaction on a physical level, new 

applications have been developed, like the Cyberhand (Phil, 2010), that transmits a 

hand squeeze over the internet, or smart mood stones or mood pillows that 

communicate another person’s mood through coloured LED lights. 

To support caregivers robots have been developed that actually take over certain care 

giving tasks, like interacting with a patient to do a health check. The InTouch Health 

medical rounding robot is a remote-controlled telepresence robot that represents a 

physician that is virtually present near the patient or elderly person (see Figure 1.7). 

The purpose is to reduce unnecessary travel time, and therefore being able to virtually 

visit more patients in the same time, and reduce travel costs (Christensen, 2004). ‘Aiko’ 

is a robot nurse, by Canadian inventor Le Trung, that can perform simple tasks like 

make coffee or tea, read aloud, and remind about medication intake. She can recognize 

faces, react to physical stimuli and mimic pain (http://www.projectaiko.com). A less 

humanoid robot that is able to lift a person from the bed, recognize faces, and identify 

smell, is the Ri-Man Healthcare Robot (Christensen, 2006). 

Whereas Ri-Man has much more potential functionality, picking up a patient can also 

be facilitated by an exoskeleton, like the Muscle Suit. This kind of technology, 

originally developed for the armed forces, can not only be used for rehabilitation, but  

it may also reinforce carers when they have to perform physically demanding tasks 

(Lau, Van ‘t Hof, & van Est, 2009). 

 

 

a)                       b)          c)                         d) 

Figure 1.7: Healthcare robots: a) InTouch Companion,  b) Aiko, c) Ri-Man, and d) Muscle 

Suit. 
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In the future more automated functions can be expected from healthcare / eldercare 

robots, like the proposed concept by Skilligent (2008). These robots will be able to 

automatically scan the patients’ health and assist the patients and the caregivers in 

their daily routines, by health monitoring, emergency recognition, medication 

reminders, video-interaction with caregivers, service deliveries, and guidance of 

objects and persons (Van de Ven, Sponselee, & Schouten, 2010). For socio-emotional 

needs of people, new technical possibilities and functionalities may be expected from 

the designers’ world. Dunne and Raby (2001), for example, present electronic objects 

that imitate the presence of a female partner for Lonely Men to cover the lack or 

absence of certain interactions (sheets taken off of the sleeping man; a device that plays 

with chest hair; et cetera).  

 

1.4 Conclusion 

 

The driving factors for telecare application in home care appear to be both societal as 

well as technological. The grey pressure that is expected due to ageing (a combination 

of an enormous growth of people over the age of 65, and the fact that people become 

older than before) and a decrease in the potential working population will result in an 

insufficient number of people working in the care sector and corresponding increasing 

costs of care. At the same time, governments, care and welfare organisations as well as 

housing corporations support the decrease of intramural care facilities and the 

increase of extramural housing and independent living, by supplying a diversity of 

independent housing and adapting existing houses. Life-independent housing 

corresponds to the wish of elderly people to remain in their homes or live 

independently as long as possible. In addition to these societal changes, current 

technologies and emerging technological developments are expected to support 

independent living, make care more efficient, and supply new services for elderly 

people. The proposed and reported positive effects of adequately implementing 

current and future smart home and telecare technologies in the homes of elderly 

people are stated to be promising (see Textbox 1.2). 

On the other hand, only few studies have actually researched the effectiveness of 

smart home and telecare technologies (Evers, Blijham, & Willems, 2009). When this 

technology is implemented and such effectiveness studies are conducted, it is 

important to preliminarily define what effects are targeted for whom. For example, 

while care managers may aim at cost-effectiveness, caregivers may experience time 

saving, or more specific care procedures, and care receivers may benefit from a higher 

quality of care, more self-care, and staying in their own homes despite decreased 

health (Algemene Rekenkamer, 2009; Boshuizen, 2008; ActiZ, 2008).  

Despite the driving factors explained in this chapter, the implementation and use of 

smart home and telecare technologies has not been as effective as possible until now. 

One of the causes of the problems users experience with smart home technology in 

(home) care settings is the fact that smart home technology does not originate from 
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care. Smart home applications that originally were not developed for (elderly) care 

purposes have often resulted in a significant lack of user fit. These and other hindering 

factors for effective smart home and telecare services will be explained in the next 

chapter.  
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2 Hindering Factors for Telecare Effectiveness 
 

“It is hugely underestimated what the transition to more automated care and self-care will 

mean for care providers. Most projects appear to be more costly than traditional care.” (H. 

Bouma, ISG Master Class, November 13, 2007).  

The implementation and use of smart home technology to lengthen independent living of 

non-instutionalized elderly have not always been flawless. In this chapter multiple 

hindering factors are described and analysed in order to understand why the study on 

smart home and telecare effectiveness is necessary and how telecare can become more 

effective1. 

 

2.1  Introduction 

 

Despite the driving factors for smart home technology and telecare use, as explained 

in Chapter 1, the implementation and use of smart home and telecare technologies has 

so far not been as effective as possible. Technologies did not bring the expected 

benefits for the end-users or have been disused by them (e.g. Bosch, Van Daal, & 

Dorrestein, 2002; Van der Leeuw, 2005). Also, the care process appeared not to be as 

effective as expected, and even more expensive than anticipated (e.g. Huijsman, 2009; 

Huijsman, Boom, & Kaaij, 2009). Many projects have been cancelled or postponed as a 

result (e.g. the IJsselveld and Bösdael projects). 

The purpose of this chapter is to research, describe, and analyse possible hindering 

factors for effective telecare implementation and use. First, an expert meeting, 

organised by the author, is described. The expert meeting was organised to find 

hindering factors for smart home and telecare implementation, resulting from multiple 

stakeholders’ perspectives. Second, as a case study, the hampered IJsselveld project is 

used for input on hindering factors. The multiple stakeholders involved in the project 

reflected on their role in the project and the reasons for experienced problems within 

the IJsselveld project. Third, a literature study is made on one of the most profound 

findings of the expert meeting and the case study, originated by the differences 

between the multiple stakeholders involved. The literature study is followed by an 

                                                             

1 This chapter is based on a paper presented at the AmI’07 Conference: Sponselee, A., Schouten, B., 

Bouwhuis, D., Willems, Ch., Smart Home Technology for the Elderly: Perceptions of Multidisciplinary 

Stakeholders. In: Proceedings of the First International Workshop on Human Aspects in Ambient Intelligence. 

Published in: M. Mühlhäuser, A. Ferscha, and E. Aitenbichler (eds.), Constructing Ambient Intelligence: 

AmI 2007 Workshops Darmstadt, Germany, November 7-10, 2007, Revised Papers. Series: Communications 

in Computer and Information Science , Vol. 11, 2008, pp. 314-326. 

http://www.springer.com/series/7899
http://www.springer.com/series/7899
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introduction into ‘gerontechnology’1, as the interaction between elderly people and 

technology is also described as one of the main hindering factors. 

 

2.2  Experts defining hindering factors 

2.2.1 Method 

In January 2010 an expert meeting was organised by the author to reveal hindering 

factors for smart home and telecare implementation. A group of 35 Dutch experts on 

smart home technology and implementation were invited (by mail, e-mail, and 

telephone) to attend a seminar and a subsequential expert meeting. Eventually, 16 

experts attended the expert meeting at Fontys University of Applied Sciences in Venlo, 

including four members of the research group that organised the meeting. The 

attending experts represented various stakeholder disciplines (see Appendix IV), in 

order to cover as many stakeholder positions and perspectives as possible.  

In three multidisciplinary groups four different ‘telecare statements’ were presented to 

the experts (see Table 2.1). The first statement was discussed with all 16 experts, as an 

introduction, to get the experts acquainted with the purpose and method of the expert 

meeting. Each statement was meant as a starting point for discussion that intended to 

establish hindering factors. The discussions were recorded, and one person in each 

group was appointed to make notes. At the end of the sessions, results were presented 

to each other, in order to achieve consensus on the outcomes.  

 

Table 2.1: Telecare statements used in the expert meeting. 

  

1 Current systems are (not yet) applicable / too complex for elderly users (all experts) 

2 Technology on its own is not sufficient: new (care) processes and services are needed 

3 The current business model for remote care is hindering investment, innovation, and 

scaling 

4 Application pull: we are insufficiently able to translate elderly people’s needs into 

smart home and telecare functionalities 

 

2.2.2 Results 

The discussions by the experts resulted in multiple hindering factors. An extended 

summary of the discussions in relation to the statements is presented in Appendix V. 

Several factors were mentioned in all groups, irrespective of the statements. The most 

important hindering factors were related to the cultural atmosphere of the care sector, 

                                                             

1 Gerontechnology involves “an interdisciplinary field that links existing and developing technologies 

to the aspirations and needs of aging and aged adults” (Bronswijk et al., 2009, p.3). 



H i n d e r i n g  F a c t o r s  f o r  T e l e c a r e  E f f e c t i v e n e s s              55 

 

and the complexity of technology and financing. These factors are further explained 

below. 

Hindering factors in the care sector 

The experts considered the implementation and eventually the actual use of the new 

technology by the care professionals a project on its own. The main goal of care 

professionals is to provide care and technology is considered as a substitute for care 

giving, instead of a means. Additionally, care providers are mainly non-technological 

oriented women. The fact that in current care education the use of smart home and 

telecare technology is not yet part of the educational programme reinforces this 

hindering factor. 

 

On a higher level, care organisations do not get enough incentives to implement these 

new technologies. In long term care – in comparison to ‘cure’ – it is quite difficult to 

define the goals of technology interventions. While it may increase the quality of life, 

or participation, these effects do not catalyse innovation in care and welfare. 

Therefore, care organisations have to determine a clear mission related to quality of 

care, efficiency, and remote care. On the other hand, the technology needs a goal-

oriented or functionality-oriented approach. According to the experts, a lacking 

translation of technology into applications stands in the way of a proper business 

model.  

A related problem is the ‘not invented here’ syndrome in the care sector. Not only are 

they unwilling to learn from other projects (“our situation is different”), care 

organisations also do not openly communicate their experiences and knowledge to 

each other, as they consider themselves as competitors. As a result, organisations start 

their innovation process on their own, without using the experience or knowledge of 

others.  

 

In addition to the lack of incentives, the care sector is dealing with the current shift 

towards integrated care, which is still in development. The goal of integrated care is to 

increase quality, efficiency, and effectiveness of care by improving the care network 

between and beyond multidisciplinary (care) professionals. The attention is focussed 

on the care receiver instead of on the care program. Such holistic approach, however, 

involves major changes and increased complexity regarding management, 

organisation, and financing in order to establish proper care. On the one hand, the use 

of ICT was mentioned by the experts to facilitate integrated care. On the other hand, 

they mentioned that such system emphasizes and increases the complexity of care-

related, organisational, as well as financial responsibilities of parties.  

Complexity of technology and financing 

Beside the organisational and corresponding financial complexity of smart home and 

telecare implementation, another hindering factor is the complexity in ‘technology and 

infrastructure’ as well as in ‘services’. Current smart home systems consist of a 
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network of multiple systems, the integration of which is causing many 

(communication) problems. The software used is too complex for non-technical 

persons (both caregivers and care receivers), and therefore a system integrator is 

always needed for adjustments and installation. Regarding the technological and 

infrastructural complexity the experts state that there is an urge for standardisation on 

a national level, supervised by the national government as a remedy. Government, 

research centres, developers, and other stakeholders have to join forces in order to 

increase effectiveness of technology and infrastructure, to establish market processes, 

and get to a closed business model.  

Regarding the services, the market is considered to be artificial by the experts. While a 

free-market system is acceptable and needed for the technology and infrastructure, the 

services do not need to be organized on a free-market basis. Additionally, services 

have to be viewed in a broader context than care, and should include all possible 

services that increase well-being. The service business model then includes the social 

return on investments as well. 

2.2.3 Conclusions 

Although the group of experts attending the meeting was only a selection of possible 

attendees, the expert meeting seems to have resulted in important hindering factors 

that have to be tackled in order to successfully implement smart home and telecare 

technology and services. Beside the fact that the user group, the purpose and the goal 

of implementing smart home technology are often insufficiently defined, the current 

technological possibilities are inadequately translated into applications, and associated 

processes. With proper incentives and formulated goals, stakeholders must invest in a 

business case for technology and infrastructure, as well as telecare services. The 

challenges formulated by the experts thus relate to: the vision on technology 

application; gaining insight into costs and benefits; and the possibilities for investment 

(financially as well as organisationally). These three challenges of smart home and 

telecare implementation must be considered from each stakeholder’s perspective, 

while the goals can only be achieved by collaboration between stakeholders. 

 

2.3  Case-study: the IJsselveld project 

 

One of the smart home and telecare projects the author was involved in was the 

IJsselveld project, near Utrecht (see Introduction for further description). The goal of 

the IJsselveld project was to increase the quality of life of elderly people and other 

residents in need of care, by responding to the need for suitable houses for 

independent living. Therefore, multiple parties in the field of housing, welfare, and 

care started collaboration in 2005. The aim was to supply a demand-driven solution, in 

relation to housing, welfare, and care, including smart home and telecare technology 

and services for the residents of approximately 150 apartments. The collaboration, 
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however, was not as successful as hoped for. As a result, at the end of 2008 none of the 

apartments were renovated or had smart home or telecare technology installed. 

2.3.1 Method 

To gain insight into the experienced problems in the IJsselveld project, the 

stakeholders involved (housing corporation, welfare organisation, care organisation, 

electrical engineer, and consultancy) were asked to categorise and define those 

hindering factors that resulted in the delay of the project, by means of a questionnaire 

(see Appendix VI). Fifteen stakeholders (of nine different organisations) were sent the 

questionnaire and an accompanying letter by mail. Unfortunately, only four 

questionnaires returned, even after sending a reminder (illustrating the lack of 

commitment and involvement of the stakeholders involved). The articulated hindering 

factors were related to organisational issues, welfare and care processes, 

multidisciplinary collaboration, financing, the elderly end-users, and the technology. 

After analysing the questionnaires, two main findings were formulated as hindering 

factors in the IJsselveld project.  

2.3.2 Results 

Multidisciplinary collaboration 

The IJsselveld project learned that multidisciplinary collaboration is more than 

bringing stakeholders together. According to the consultancy stakeholder, the 

common project goal was not clearly formulated. The project goal(s) also differed 

among stakeholders, but were not communicated towards each other. As a result, the 

stakeholders involved were not aware of the various agendas and interests. The 

electrical engineer mentioned he as a contractor was looking for a custom-made 

(technical) solution, while other stakeholders were not willing to invest the needed 

time and money for this. Only after two years the decision was made for a product 

available on the market. Another hindering factor was a lack of (equal) commitment 

from all stakeholders, in the sense of attendance, honouring existing commitments, 

and open communication (i.e. regarding technological, organizational, and financial 

(im)possibilities, roles, and decisions).  

The project had been focussing more on technology, system, and functionality 

decisions rather than on the changes in the welfare and care processes and the 

associated organisation. Later in the project, the care and welfare organisations 

involved were found to be insufficiently prepared to cooperate, while joint forces were 

a requirement for the implementation of telecare services. The care and welfare 

organisations realised inadequately that their processes had to be adapted to the new 

situation, and that the corresponding financial structure had to be changed. There was, 

however, no consensus regarding the required new processes, mainly due to the 

financial consequences (as a case in point of starting a new service point staffed by 

multiple organisations that receives alarm calls of welfare clients as well as care 

receivers, a 24-hours shift has to be organised, including the financial structure behind 
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it). The consultancy stakeholder ascribed this hindering factor to the competition in 

the care sector, which hinders involved parties to invest in the long term. Care 

providers with contracts for a certain period of time are unwilling to invest in projects 

that have a longer period of duration than their contract. Besides, the profits of telecare 

may not even go directly towards those stakeholders that initially invested in it (see 

also Raad voor de Volksgezondheid en Zorg [RVZ], 2006). Due to a lack of a financial 

business case in the IJsselveld project it was unclear who was responsible for (what 

part of) the costs of the smart home technology and telecare services: either the end-

users, or one or more stakeholders.  

Elderly people and technology 

In addition to the multidisciplinary collaboration, the older end-user who has to 

interact with new technology was mentioned as a hindering factor. The stakeholders 

mentioned only few technological hurdles: they believe that the current technology on 

the market has to be improved regarding robustness, interoperability, and user-

friendliness. Elderly people were stated to be more reluctant towards the use of new 

technology than others. Moreover, the current technology is often not designed for 

elderly users, who require different interface and system designs compared to 

younger users. The stakeholders also mentioned the importance of sufficient support 

and back-up, like a useful manual and a help desk. They emphasized that the 

functionalities and content must be beneficial to the end-users. Usefulness and benefits 

must be clearly communicated towards users (care providers) and end-users (elderly 

people). However, there is still a challenge to prove what those benefits are, and how 

they can be achieved (i.e. what services are needed). Finally, the financial costs of 

smart home and telecare systems (including the required internet connection, and 

renting or purchasing costs) are considered a hindering factor for elderly people, 

especially when benefits are unknown to them. 

2.3.3 Conclusions 

The hindering factors mentioned above resulted in several organisational issues. The 

project organisation did not take the responsibility to decide what was offered to the 

residents. As a consequence, they were not able to define what organisational issues 

the implementation of smart home technology and telecare services involved (e.g. care 

centre, service supply, 24-hours shift, tele-monitoring), and who was responsible for it. 

These unresolved organisational issues resulted in incomplete and inadequate 

information towards potential clients, while people were eager to learn more about 

offered and optional products and functionalities, benefits, costs.  

As the complexity of collaborating with multiple stakeholders in one project, as well as 

defining effective applications of telecare for the elderly user group, were mentioned 

in both the expert meeting and the case study, these hindering factors are further 

investigated in the following sections. First, a literature study is described on the 

multidisciplinarity of the three main stakeholders involved. Next, the concept of 

gerontechnology is further explained in section 2.5. 
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2.4 Multiple Stakeholders 

 

As sections 2.2 and 2.3 have shown, the introduction of smart home technology in care 

settings involves more than a technological innovation. It comprises not only new 

processes and organisational changes. All these changes have to occur within 

regulations and financial rules that are most likely not adjusted to the use of 

technology. The multiple stakeholders involved in the process of implementing smart 

home technology in extramural care settings consist of: federal government, local 

government, housing corporations, care organisations, care receivers, informal 

caregivers, technology designers and suppliers, insurance companies (Van Oort, 2010), 

system integrators, care professionals, and service providers (e.g. welfare 

organisations, banking companies, libraries, shops, et cetera). Not only their goals, but 

also the perceptual worlds of these stakeholders vary due to differences in background 

and experiences, which lead to different interpretations on how smart home 

technology can be helpful in supporting independent living of elderly people.  

In this section a literature study on the perception differences between three important 

stakeholders is described: the caregiver (care professional), the care receiver (client, 

elderly person), and the technology designer. The differences between these three 

stakeholders in smart home and telecare technology are analysed, in order to explain 

and better understand the hindering factors as articulated by the experts and in the 

case-study in sections 2.2 and 2.3.  

2.4.1 Care Receiver, Caregiver, and Designer 

The Care Receiver 

Care receivers – in this thesis: elderly people – are often considered as technophobic. 

Although this perspective does not apply to all elderly people, and is remonstrated by 

several studies (e.g. Rogers, Cabrera, Walker, Gilbert, & Fisk, 1996; Dyck & Smithers, 

1994), generally elderly care receivers on average are less keen on new technologies 

than young people are and show lower technology usage rates (Czaja et al., 2006).  

One of the reasons for this technophobic perspective might be “self-preservation”. 

Elderly people have to deal with evermore limitations due to the ageing process, 

which make them more vulnerable and dependent than before. As older adults have 

less experience with computers and other (new) technologies (Czaja et al., 2006), they 

are confronted with their (cognitive) limitations when they have to work with those, 

which makes them more afraid of making mistakes. Their (computer) anxiety results 

in unutilised chances to live and function independently (Czaja et al., 2006), or to be 

enabled and empowered by technology(Cheverest et al., 2003). Elderly people may 

therefore seem peevish and conservative, as they do not want their current life to be 

influenced too much by external factors. 

An older person appears to become less technophobic when he or she knows and 

understands the usefulness of the technology (Eyck, 2004). Unfortunately, older adults 

often do not realise what advantages technology can bring them (Czaja et al., 2006; 
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Cheverest et al., 2003). Proper guidance and information when new (smart home) 

technology is introduced and used is therefore important to let the older care receiver 

get a positive view on the technology, and realise the possible benefits of it. More 

about the characteristics of the older care receiver is described in Textbox 2.1. 

 

 

Textbox 2.1: Older adults defined. 

Elderly people are often described as people of 55 years (De Boer, 2006) or 60 years and 

over (according to the World Health Organisation [WHO]). It is difficult to talk about 

the older adult or the elderly person, as there is a huge diversity within this group. The 

group of elderly people is therefore often divided into three subgroups: 60-74 years old, 

75-84 years old, and 85 years old and older. The first group is often referred to as: the 

‘young old’, the second as ‘old people’ or ‘old old’, and the third group is referred to as 

the ‘oldest old’ (WHO, 2003). A second way to arrange the aging population is not by 

age, but by identifying impairments. An example of such an arrangement, used by 

Berlo and colleagues (1999) is: normal aging, pathological aging, visually impaired, 

hearing impaired, mobility impaired, cognitively impaired. Rutten, Rutten, and 

Willems (2005) mention 11 groups of care receivers, varying from ‘elderly without need 

of care’ and ‘physically impaired’ to ‘palliative care’. Nouws (2008) determined ten 

groups of people with a certain need of care, including chronic diseases, progressive 

diseases (e.g. cancer), dementia, physical and mental impairments, as well as unhealthy 

lifestyles (like alcohol or smoking). 

Defining ‘older people’ is difficult, as these is a large variation among older adults. 

Using age or impairments as identifying criteria, however, does not seem very useful in 

research on smart home and telecare technology, as needs are highly dependent on the 

situation (having a partner or not, personal capabilities, character, preferences, et 

cetera). Instead of using chronological age as defining criterion, we might look at 

biological age, as insurance companies start doing, or at vulnerability instead of 

impairments. It may also be of interest to look at cultural differences, as colored women 

sometimes call themselves old at the age of 40 or 50. 

Older people can thus not simply be categorized by only one category: older adults. 

Individual differences generally increase with age, because of different experiences and 

situations in the lives of individuals (Bouma, Fozard, Bouwhuis, & Taipale, 2007). The 

diversity of people can be found in the area of health (healthy, various restrictions, 

depression), family (single, spouse, children), finances (poor, moderate, rich), housing 

(indoor climate, suitability, neighbourhood), skills (working experience, 

computer), and almost any other aspect. According to H. Bouma (ISG Master 

Class, November 13, 2007) we can say that “the only common aspect of older 

people is their age”. Elderly people are more active than is generally expected. People 

with minor or no physical and psychological restrictions and who are living an 

independent life are referred to as people of the 3rd age. The period of frailty in which 

people are largely dependent on care (mainly near the end of life) is called the 4th age. 

When designing for elderly people the 3rd age is often ‘forgotten’. The commercial 

market, however, is discovering the 3rd age as a potential consumer group.   
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Beside age, there are two main aspects to take into account when considering older 

adults as a potential user group: their health status as well as the environmental 

conditions. 

Elderly people’s health and sensory decline 

The first aspect to take into account is the health status of older adults over the age of 

70. It is common knowledge that disability and restrictions increase sharply at that age. 

When people are having difficulty with their health, the health problem takes away the 

attention from other things, and may shrink their world. We have learnt how to keep 

people alive but not how to keep them fit and well in those last years. In addition to 

physical problems brought on by traumatic events, or progressive diseases such as 

strokes or Parkinson’s disease, there are multiple non life threatening conditions which 

dominate the illness agenda of those years, like arthritis and rheumatism, failing vision 

and deafness.  

Many elements of the ageing process not only occur from later age on, but actually 

occur from birth on. Ageing is an ongoing, irreversible process. Although at later age 

changes become more noticeable, most changes happen through out the lifetime. We 

therefore better speak of ‘developmental changes’ instead of ageing. The human 

development includes many changes ranging from physical growth (including 

muscles), maturation (no vision of colour at birth to visual acuity), and degeneration, to 

decay. Perceptual changes involve changes in vision, hearing, touch, taste and smell. 

Visual problems in old age include for example illumination. Older adults need a 

minimum of 2000 lux, but on the other hand can only tolerate a maximum of 

approximately 100.000 lux.  

The decay in hearing evolves over time, as at birth people can hear sounds of 30-

20.000Hz, adults are able to hear 45-10.000Hz, while people aged 65+ can only hear 

sounds between 50 and 3000Hz. A loss of 60db is defined as deafness. The hearing 

damage is the result of a decay of hair cells on the basilar membrane, which 

deteriorates; for example due to the use of high intensity headphones. Although 

hearing aids can be helpful in these situations, a hearing aid appears only helpful after 

earlier training. The use of two hearing aids for binaural hearing is necessary to enable 

directional hearing. The latest developments or artificial neural stimulation gives new 

opportunities, though limited, for people with severe hearing loss. 

Touch is another sense that changes over time. Touch is a simple perceptual cue, and 

can be very useful and helpful for blind and deaf people. The importance of touch is 

often forgotten in the design for older adults. Although not much is known about pain, 

we do know that pain sensitivity increases over the years, while older adults are more 

often confronted with pain than younger adults are. 

Taste and smell are two senses that are highly related, as taste is partly mediated by 

smell. The smell sensitivity however usually degrades of ageing. The food preparation 

thus needs extra attention in order to keep the older senses stimulated, while the 

opposite mainly occurs in elderly care. Due to the decrease of neural connectivity, the 

perception of thirst is also difficult at older age. This increases the chances of 

dehydration of older adults. 
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The Caregiver 

Although most caregivers are younger than the care receivers, caregivers may also be 

reluctant towards using technology. This reluctance can partially be explained by the 

caring character of caregivers. People who choose for care delivery or nursing as a 

professional occupation often prefer working with people who need them. Giving 

away personal contact, through a technology intervention, raises an aversion (Lorenzi, 

Riley, Ball, & Douglas, 1995). Even in situations where technology replaces physical 

presence by virtual presence, like telecare, the caregiver gets the feeling he or she has 

to renounce that which is experienced as ‘caring’. Caregivers also experience a 

reduction in time spent with clients as a direct decrease in quality of care (Raappana, 

Rauma, & Melkas, 2007). According to caregivers' perception, technological 

developments that are cost-cutting - and are developed for that purpose - result in a 

loss of quality of care. Raappana and colleagues (2007) state that technology and care 

service are commonly not felt as being connected, which results in unwillingness by 

caregivers to use technology, and difficulties when new technologies are introduced. 

This perception may be due to a lack of abilities and skills among caregivers, which 

leads to feelings of incapability, with decreased work motivation and distress as a 

result. 

Fortunately, caregivers are willing to see utilisation of a safety system as part of their 

professional care skills - unlike the use of a personal computer as such - and describe 

such technology as a positive change in the (quality of) work (Raappana et al., 2007). 

Even though the study by Raappana and colleagues (2007) shows that safety 

technology is viewed as useful, the implementation of smart home technology results 

Environmental conditions 

Another point to take into account for understanding older adults, concerns the 

social and environmental conditions of the group under consideration. It is here 

that we find significant differences between countries. In the Netherlands, a very 

high proportion of older adults live alone, and because women live longer than 

men, a high proportion are women. There is a wide variation in the extent to which 

older adults are linked into the family and neighborhood. It depends on the 

availability of younger family members, the quality of earlier relationships and the 

characteristics of the particular neighbourhood in which the older adult lives. The 

availability of this social network for informal care giving is changing. Smaller 

families and larger distances make informal care from relatives more difficult 

while the needs for informal care increases due to political changes (for example, 

the introduction of the Dutch Social Support Act) and the wish of many older 

adults to remain in their own homes (Delfgaauw & Forschelen, 2010; American 

Association of Retired People [AARP], 2010).  
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in extra work for caregivers. The caregivers' unfamiliarity with the technology, the 

lack of skills among care substitutes, along with an increased number of false alarms, 

result in time-consuming efforts for caregivers. This indicates the importance of 

professional training to reduce both the expected and the experienced extra workload 

of the caregivers. Another concern of caregivers is that they expect elderly people to 

become even lonelier when technology is introduced into the care process. However, 

screen-to-screen contact may increase social contacts among elderly and between 

elderly and the community or their relatives. This emphasises the importance of 

proper guidance and training for caregivers when smart home technology is 

introduced. The use of (care)technology should actually become part of care education  

in which both usage and implications of smart home technology are taught. A change 

in current education as well as the development of new courses in the field of care and 

technology may increase knowledge and acceptance of smart home and telecare 

technology by care professionals. Besides, by means of goal directed orientation on 

useful technologies most negative effects that caregivers experience can be eliminated. 

The idea that all care workers are reluctant towards using technology needs some 

qualifications. In a study among care workers by Lyons and colleagues (2005) 

administrators appear to judge computers much more positively than physicians and 

nurses do, not surprisingly as computers were first introduced in the administration 

work field. Physicians, however, state to be unmotivated to learn how to use 

computers, while nurses feel insecure and perceive the computer as a barrier between 

themselves and their clients. Especially the differences between managers and the 

nursing staff is of importance, as decisions – on the use of technology – are mostly 

taken by managers, without much consultation with those people who have to work 

with it later. 

The Designer 

The designer, on the other hand, is all but technophobic. This, at the same time, is the 

designer’s weakest point. For a technician it is hard, sometimes even impossible, to 

imagine the perceptual and cognitive world of a technophobic older user. The focus of 

the designer is mainly on the functionality of the technology, achieving the planned 

goals effectively and efficiently. The advantage of this focus is that the designer is 

well-aware of the benefits that the technology can bring. However, due to an often 

experienced vocabulary and associated semantic difference between the designer and 

the users and end-users (e.g. Nouws & Sanders, 2007), the designer may not be able to 

convince the technophobic (end)users of the usefulness and the benefits that smart 

home technology can bring. 

2.4.2 Perception Differences on Prevention and Privacy between 

Caregivers and Care Receivers 

Prior to the implementation of smart home technology in care processes, a decision 

must be made on the proper technologies that the care receiver needs. These decisions, 

however, are often made by the managers, based on recommendations by technicians, 
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and have resulted in choices that were not in accordance with the actual needs of the 

care receiver (Smart Homes, 2004; Van der Leeuw, 2005). 

As mentioned before, caregivers are known for their caring character. In their 

perception, the care receiver is most important, but this also means that no risks will 

be taken. This protective view, possibly also stemming from a need for controllability, 

may in some cases result in situations that are too safe, in which elderly people are 

insufficiently stimulated to undertake actions by themselves and thus remain 

independent. Elderly people who move to a care facility often show a great regression 

in their functioning and their abilities, due to the increased support in comparison 

with the home situation. One of the goals of the caregivers should therefore be 

continuation and stimulation of the independence and autonomy of the care receiver. 

Becker (2006) refers to this inevitable change as ‘making care humane’, by advocating 

the catchphrase: “Use it or lose it”. He considers caregivers as the ‘suppliers of human 

happiness. The protective mentality of caregivers also results in the protection of 

privacy of the care receivers. Caregivers are well-aware of the fact that people who are 

in need of care always have to deal with a loss of privacy. Protecting the remaining 

part of their privacy is one of the main issues for caregivers. Several studies, however, 

have shown that people in need of care are willing to lose some privacy if they get 

more independence or quality of life in return (Kearns, Rosenberg, West, & 

Applegarth, 2007; Willems, Vlaskamp, Sponselee, & Crooymans, 2006).  

In the study by Kearns et al. (2007) the perspectives of six focus groups, including 

elderly nursing home residents, volunteer caregivers, care staff, medical surgical staff, 

and engineers, were combined to find requirements of elopement management 

systems. Although all focus groups agreed on the use of a non-stigmatizing device to 

attach to a wanderer (an inconspicuous device should, for instance, resemble a 

necklace or a watch), there was a different perception on the use of an implanted 

“tracking chip”. The elderly focus group was less reluctant towards using an 

implanted chip than expected. When privacy and ethics were brought up by the 

researcher, it was quickly dismissed as secondary relevance. Apparently safety and 

independence are more important values for elderly people than privacy. Kearns et al. 

refer to this as the liberating role of technology. 

In a study by Willems and colleagues (2006) both elderly people and caregivers were 

asked to evaluate the smart home technology available in a demonstration facility. 

One of the rooms of the demonstration facility is depicted in Fig. 2.1. The study 

showed that caregivers were more focused on safety and security technology that may 

prevent harm and injuries (e.g. orientation lighting or cooking plate timer), while 

elderly people were more eager to agree on care technology. Although the elderly 

participants found an alarm unit useful for safety issues, they did not believe it would 

be necessary for them, although it would be useful for potential others. This finding 

can be explained by the perception of elderly people on their own situation and the 

negative stigmatizing association that seems to overrule the positive safety effect of an 

alarm unit. On the other hand, elderly people are willing to hand in some of their 

privacy (e.g. the use of cameras) in order to facilitate the care giving process. 
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Figure 2.1: Demonstration room with smart home technology: (a) Alarm unit; (b) 

Telemedicine monitoring system; (c) Touch screen with electronic patient file (Willems 

et al., 2006). 

 

Caregivers were inclined to agree only on the use of privacy sensitive technology (e.g. 

cameras or electronic medical record) if the care receiver would fully accept the 

technology. 

There seems to be a different interpretation between caregivers and care receivers in 

how smart home technology can be helpful in supporting independent living of 

elderly people. While ‘implantables’ seem to be acceptable by elderly people, 

caregivers as well as researchers believe that less intrusive technology applications – 

like the use of cameras for remote monitoring of people with mental disabilities (e.g. 

dementia) – is ethically not acceptable (Van Berlo, 2005). Caregivers have to be 

informed and become aware of the possibilities of using cameras to increase the safety 

and independence of people in need of care and support, knowing that the care 

receivers (as well as their spouse or family members) in most cases agree on the use of 

cameras despite the loss of privacy. The lack of concern about privacy might be 

attributed to technological and social developments, such as cell phone networks, 

cameras in public spaces, blogs and home videos on the World Wide Web, and reality 

television shows like “Big Brother”. Privacy is becoming a global good, and in some 

situations less relevant than safety. 

Another explanation for the different perceptions between caregivers and care 

receivers may be the fact that caregivers have certain habits that do not always 

correspond to the clients' needs (Bussemakers, 2007). As the care giving process often 

does not involve technology use, caregivers may react quite reluctantly towards the 

implementation of smart home technology, and its accompanying procedures.  

This preference for care giving in the way people are accustomed to irrespective of 

care receivers' needs, does also apply to situations in which technology is already 

commonly used. Patient lifters, for instance, are even often used in situations where 

clients actually do not need a lift yet (Soede & De Witte, 2007). Apparently caregivers 
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accept those technologies they are accustomed to in care giving situations. These 

technologies, however, are often prescribed by protocols in which the labour 

conditions are set, which are rigidly applied to all situations (independent of client 

needs). Caregivers should better deviate from routines and make use of only those 

technologies – including new ones – that serve the actual needs of the care receiver. To 

implement smart home technology properly, caregivers have to become aware of their 

own habits by analysing their perceptions and their way of acting. Additionally, care 

protocols must be adjusted and should include the use of these new smart home and 

telecare technologies. 

Studies on technology perceptions of caregivers and care receivers are important to 

understand the acceptance of smart home technology, although these perceptions may 

change over time, owing to experience. Moreover, respondents are often asked to give 

answers about a situation which they are not yet familiar with (e.g. Willems et al., 

2006) In these cases, answers may differ from situations in which respondents are 

actually living in a smart home, or have to work with the technology in a care setting. 

As a case in point, a passive alarm – a basic functionality in many smart homes in the 

Dutch “Vitaal Grijs” program – appeared not to be as effective as expected before 

implementation (Bosch et al., 2002). On the basis of (negative) user experiences the 

functionality was disabled or removed in most houses. This demonstrates a difference 

between expected benefit and experienced benefit. But also questions like “willingness 

to pay for”, as in the study by Willems and colleagues (2006), may result in responses 

different than can be expected on the basis of actual purchases and use. In case of an 

active alarm unit, elderly people are reluctant towards buying the technology, as 

initial costs are relatively high while benefits are unknown. After (effective) use people 

appear to judge this technology and its costs more positively, as the usefulness 

becomes obvious after experience (see Melenhorst, 2002; on the role of usefulness in 

technology acceptance). 

2.4.3 Perception Differences on Requirements between Designers and 

Care Receivers 

A design engineer of smart home and telecare technology for older care receivers 

should be able to understand the needs and wishes of the users. However, when 

designing for older adults, the characteristics mentioned in section 2.4.1 and Textbox 

2.1 should be taken into account. The designer has to deal with a potentially 

technophobic user and moreover with an older user. As a result, designers must be 

aware of the ‘technology generation’ they are designing for, and the fact that 

designing for older adults needs special attention, e.g. through the principle of 

inclusive design and standardization. 

The process of aging brings along many limitations or disabilities that are difficult to 

imagine for a non-limited and non-disabled designer. During a symposium (Verweij, 

2007) this gap was described as: “young males have to design technology for old 

females”. Although the emphasis should not be so much on the gender difference, the 

age difference is truly a relevant factor (Hawthorn, 2006). The aging process often 
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brings along changes in vision, hearing, attention, and memory (see also Textbox 2.1). 

As perception is slowly declining, attention is more and more needed to compensate. 

Attention is the perceptual and cognitive focusing on one or very few objects or 

location. In vision this means that complex and dense visual information will attract 

attention. Movement (of objects) in the visual field will also  

automatically attract attention, as dynamic information cannot be suppressed. The 

selective attention improves gradually and increases over time. 

 

Additionally, physical disabilities due to rheumatoid arthritis or paralyses due to a 

Cardiovascular Accident (CVA) happen more and more often. Designing technology 

aimed at an average adolescent would not be very useful in this case, as an adolescent 

differs strongly from an elderly person on these physical and sensory factors. In case 

of sound-signals, for example, the designer must be aware of the fact that elderly 

people cannot or hardly hear sounds of 3000Hz and above. Also, no robust actions 

should be needed for handling the devices, and no difficult procedures should be 

required. Buttons have to be larger, symbols or texts should be well-legible, and thus 

larger, to compensate for decreased vision. An example of such designer/user gap is 

found in Fig. 2.2 that shows a room controller with poor usability. The design of the 

interface does not correspond with the abilities and expectations of the (elderly) user. 

The LCD screen, for example, is difficult to read, due to bad illumination and low 

contrast. The use of both sides of the device as buttons is not in correspondence with  

 

 

 

Figure 2.2: The room controller allows you to control lighting, room temperature, and 

television, for example. This room controller is negatively evaluated by both care 

receivers and caregivers, mainly due to poor legibility (Willems et al., 2006). 
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intuitive use and thus has low affordance, which is important particularly for elderly 

users, as they have difficulties learning new skills. 

Depending on the limitations of the end-user, technical and interface design 

requirements should be altered, in favour of the intended user (see for example Fisk, 

Rogers, Charness, Czaja, & Sharit, 2004; on design principles for elderly). Although all 

design principles may be relevant when designing for the older care receiver, the 

consequences of their limitations for the design obviously depend on the intended 

functionality, and should therefore be considered separately for each technological 

design.  

In addition to multiple (neuro)physiological and cognitive changes over time, older 

adults are also shaped by their experiences in life and (cultural) habits. Human 

behaviour gets adjusted to culture, which cannot easily be changed. Birth cohorts of 

consecutive years may have lived through the same important life experiences in 

society, such as war, economic depression, or the rise of computers, which have 

formed their attitudes. Another related phenomenon of time 

is the ‘technology generation’ to which ageing users belong (Docampo Rama, 2001). It 

refers to the generation that has grown up in a certain technological environment that 

people are unable to disregard. As a result the control of products with a new interface 

style proceeds more slowly with age, but it slows in a continuous fashion. New 

interfaces also cause more errors, but they increase in steps. Elderly nowadays can be 

defined as the electro-mechanical generation (born before 1960), while the software 

generation was born in 1960 or later (Docampo Rama, 2001). This latter generation can 

be split further into the display generation (born between 1960 and 1970) and the 

menu generation (born in 1970 or later), while the most recent generation, born after 

1990, is called the net generation. 

 

Especially for ageing users, the normalisation of products is important. Products of 

different brands and products of different functionality should share certain relevant 

properties (e.g. user interface). Standardisation makes this mandatory within defined 

limits (international standardization). Standardisation and normalisation help people 

to understand new technologies more easily as people can rely more on their intuition 

and expectation. 

 

All of the above implies that designing for aging users needs special attention. It is 

said that ‘designing for everybody’ actually means ‘designing for nobody’. This is 

called the ‘average fallacy’. However, taking ‘all older people’ as target group is too 

difficult, if not infeasible. A solution to the difficulties elder care receivers experience 

when using (smart home) technology may be found in the principle of inclusive design 

(also called ‘design for all’ or ‘universal design’, see Textbox 2.2). Designers of 

technology for the elderly have been requested for inclusive design by gerontologists 

for quite some time (Newell, 2006; Whitney & Keith, 2006). The idea is that people 

design for the weakest user, in order to come to a design useful for all users. Inclusive 

design implies that older and disabled people are part of the potential user groups in  
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all product development processes. Yet, inclusive design does not necessarily result in 

acceptance of the product, as people may also have upper limits. Nevertheless, the 

design for older (and disabled) people requires special attention for their needs and 

abilities. By including aging people in the research group, potential problems in the 

design can be found and tackled in time.  

It is questionable whether designing for ‘all’, including the elderly and the disabled, is 

useful and appealing to a young non-limited user group. It is important that the 

designer of new technology takes into account those needs and wishes of the user he is 

designing for. This design process, however, should not only focus on the 

technological usability specifications, as Nielsen proposes in his user-centred design 

(Nielsen, 1993). As in scenario-based models (Rosson & Carroll, 2002; Marzano, 2006), 

the technology should be viewed from different approaches, by describing usage 

Textbox 2.2: Design for All. 

Source: http://www.education.edean.org/index.php?filters=f4 

 

Design for All is a process whereby designers, manufacturers and service providers 

ensure that their products and environments take into account all users irrespective of 

their age or ability. It aims to include the needs of people who are currently excluded or 

marginalised by mainstream design practices and links directly to the concept of an 

inclusive society. A key feature of design for all is the emphasis placed on working 

with user groups representing the diversity and variety of users in the best possible 

way as a route to innovation and new product development. 

The major drivers of design for all are population ageing and the trend to bring 

disabled people and cultural minorities into the mainstream of society; an increasing 

recognition that design for all can be a tool for commercial growth; and growing anti-

discrimination legislation. New technologies are also a driving change - the challenge is 

that they are implemented in ways that include rather than exclude people. 

Many ways of undertaking user research can be mentioned, from large surveys to 

working with small groups, including direct observation, video and other data capture 

methods. Other options are imaginative techniques, including scenarios, people cards, 

and role-playing, along with checklists (see section 3.2 ‘Need assessment methods’). 

 

Further reading: 

Newell, A. (2006). Older People as a Focus for Inclusive Design. Gerontechnology, 4, 190-

199. http://gerontechnology.info/Journal/Content/Volume_4/nr_4/pdf/190-199.pdf  

Whitney, G., & Keith, S. (2006). Active Ageing through Universal Design. 

Gerontechnology, 5, 125-128. 

http://gerontechnology.info/Journal/Content/Volume_5/nr_3/pdf/125-128.pdf 

http://gerontechnology.info/Journal/Content/Volume_4/nr_4/pdf/190-199.pdf
http://gerontechnology.info/Journal/Content/Volume_5/nr_3/pdf/125-128.pdf
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scenarios and concerns among many different stakeholders. The rather simple 

scenario-based design technique maintains an orientation to people and their needs 

(Rosson & Carroll, 2002). Additionally, technology development should concern an 

iterative process in which not only the expectations people have of the technology and 

its interaction with their environment are taken into account, but also their eventual 

experience with the technology. Best results may be expected when the design process 

involves all relevant stakeholders, at several stages of the process.  

2.4.4 Perception Differences on Functionality between Designers and 

Caregivers and Relatives 

The design engineer, or technician, clearly believes in the functionality of the 

technology. The other stakeholders, in most cases, rely on the designer's knowledge 

and promises. This may result, however, in expectations that are too high.  

The study by Raappana and colleagues (2007), for example, shows that relatives and 

caring family members were satisfied with the technology, as they had the feeling that 

the safety of their relative was secured. One of the problems caregivers saw in the 

interaction between caring family members and the technology, is that they relied 

more on the technology than it actually could deliver. Relatives should be informed 

that the technologies cannot replace all health monitoring, while technicians should be 

candid about the (im)possibilities of particular technologies (Nouws & Sanders, 2007).  

Another barrier designers experience with caregivers is the so called not invented here 

syndrome (Soede & De Witte, 2007; Kittz, 2004), also mentioned by the experts in the 

expert meeting (section 2.2.2). The fact that the technology was not solely designed for 

care purposes, or that it was designed for another care institution is often used as a 

reason not to accept the technology in the care professional's own organization.  

Care institutions however should better be open to knowledge of, and experience with 

technologies used in other places in order to learn from it and make better (smart 

home system) decisions. 

2.4.5 Analyses of Multidisciplinary Stakeholders' Perceptions 

To decrease the perceptual differences between the stakeholders, we propose an 

analysis of the expected and experienced effects (E-E Analysis) of smart home 

technology in care situations for each group. This means we are not only aiming at 

effects in relation to “effectiveness” - is the technology doing what it is supposed to 

do? - but also effects on the relationship between caregiver and care receiver, effects on 

the well-being of the client, on the nature of care giving, and matters like privacy, 

safety, security, and many more (Soede & De Witte, 2007).  

The hindering factor here is not only a gap between perceptions of various 

stakeholders, but also differences between technologies, related expectations, and the 

eventual use of the technology. The expectations and the actual use, including the 

subjective evaluations of the use, differ along the stakeholders and should be taken 

into account for successful implementation of smart home technology. This is why the 

analysis should include the expected and experienced effects of smart home 
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technology of each stakeholder. The survey of these effects on all levels requires a 

multidisciplinary vision on this issue.  

For the E-E analysis of effects the attribute-consequence-value (A-C-V) model (Chiu, 

2005) can be used, to get to higher and lower level effects. Attributes relate to aspects 

of the product or service, like functionality and design, on a very basic level. 

Consequences concern the functional and psychological effects of the technology, e.g. 

technology acceptance, while values resemble higher order merits, such as goals. The 

next step is to survey these attributes, consequences and values for each stakeholder 

involved. By analysing the different layers of the technology, ranging from the 

functionality of the system to the behaviour of people, all possible hindering factors 

can be found and tackled before full implementation is realized. For example, while a 

designer may only be looking at the functionality, and whether or not the technology 

functions right, the user is interested in higher level effects, like the usability of the 

interface or the effect of the environment on the technology and vice versa. 

To increase the acceptance and use of smart home technology, the technology should 

fit into the daily routines of users and end-users. The designer must be aware that his 

design determines how the technology intervenes with the orderliness of life-

supporting everyday activities. The design of the technology may have an impact on 

timeliness, reliability, dependability, safety, and security (Cheverest et al., 2003). 

Cheverest and colleagues (2003) propose a full user needs assessment, to analyse how 

the (end)user interacts with the technology from a psychological, emotional, physical, 

and social perspective. Also broader social and ethical effects of the technology should 

be identified and taken into account by the designer. As long as there are difficulties 

with the acceptance of smart home technology, the designer must consider an iterative 

design process (Clarkson & Keates, 2001), in which problem specification, matching 

the system to the real world, and the evaluation are an on-going process (Cheverest et 

al., 2003). The analysis of the effects should thus include a user-technology interaction 

assessment, based on the user’s daily routine. 

The E-E analysis thus displays possible mismatches between stakeholders as well as 

between expected and experienced effects. The implementation of a passive alarm, as 

mentioned earlier (Bosch et al., 2002), is a good example of these differences between 

stakeholders and expectations and experiences. Care receivers expected great 

usefulness of a passive alarm, as it would give them feelings of safety and security. 

Their experiences after implementation, however, were feelings of insecurity and 

unreliability due to a high amount of false alarms. A false alarm is generated when 

elderly people forget to turn the switch in their house to indicate whether people are 

home or not. The - misplaced - expectation of the design engineer and the caregivers 

was that care receivers would be able to learn this new routine. By taking all of the 

effects into account in an iterative smart home design process, the design would better 

not contain a switch that needs action by an elderly user. A more expensive and less 

preferred solution that was chosen in the “Vitaal Grijs" project, however, was to 

disable or remove the technology (Bosch et al., 2002). 
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The E-E analysis can not only be made by taking into account the expected effects on 

each stakeholder, but also by actually including the (end)users in the design process. 

Several studies have focussed on involving caregivers or elderly care receivers in the 

designing process (Hawthorn, 2006). In specially built user centres, user experiences 

can be tested beforehand, in the prototyping phase (Dewsbury & Dickinson, 2006; De 

Ruyter, Aarts, Markopoulos, & IJsselsteijn, 2005). Another method occasionally 

applied is the use of drama (McKenna, Marquis-Faulkes, Newell, & Gregor, 2006). An 

analysis of multiple need-assessment methodologies is given in Chapter 3. These time-

consuming processes, however, become less urgent when designers are aware of the 

perceptual worlds of both caregivers and care receivers.  

Analysing the expected and experienced effects of smart home and telecare technology 

for each stakeholder involved, leads to better insight into human-technology 

interactions, which will result in better choices in the design process and system 

development. The possibility that the technology will not be accepted by the 

(end)users decreases, which will eventually reduce expenses. At the end, the analysis 

may lead to the development of standardization in smart home and telecare 

technology. The downside of the analysis is the extra effort and initial costs involved, 

although this will be compensated by the increase in technology acceptance. As the 

benefits of the investment are unclear until later, the return of investments appears 

negative at first. The difference between short term costs and long term benefits is also 

a main reason why care organisations are quite reluctant towards large-scale 

implementation of smart home and telecare technology. The initial costs of the 

technology and the organisational changes are relatively high, while the benefits (e.g. 

reduction in workload and costs) only become obvious after even more investments 

(increased workload). Additionally, we may also question whether elderly care 

receivers as well as caregivers actually know what type of technology is best for them. 

The latter implies that a multidisciplinary view, by combining all stakeholders' 

perceptions, is crucial for effective smart home technology and telecare 

implementation.  

 

A first attempt to bridge the perceptual gaps between stakeholders can be made by 

considering the gerontechnological view on the implementation of smart home and 

telecare technology. Gerontechnology studies the interaction of two major dynamic 

developments in society: the increasing number of older persons, and the 

technological innovation of products and services, and is directed at harmonizing 

them (Bouma et al., 2007, p.190; Van Bronswijk et al., 2009). Gerontechnology 

considers the technology, as well as its functionality in relation to the person-

environment interaction (Fozard, 2002). By looking at the implementation of smart 

home and telecare technology from a gerontechnological point of view, we expect to 

decrease the perception differences between design engineers and (end-) users, with 

increased acceptance and effectiveness of telecare as a result.  
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2.5 Gerontechnology: Elderly people interacting with 

technology      

 

Gerontechnology aims at harvesting the fruits of technology innovation for ageing 

people, with successful aging as the ultimate goal (Van Bronswijk et al., 2009). ‘Smart 

home and telecare’ is one of the research topics of gerontechnology. In order to better 

understand the possible added value of smart home and telecare technology, this 

study on effectiveness of telecare services for older people is now placed in a 

gerontechnological perspective. 

2.5.1 Elderly people’s goals to use technology  

Older people - who often are in need of care – can be supported by technology in 

various ways. Technology can be used for protection again risks, preservation of 

autonomy, or sustaining or enhancing quality of life (Stevenson, 1994). The theory of 

gerontechnology mentions four goals to attain with technology, by fulfilling human 

ambitions and needs, viz.: 

1. care support and organisation 

2. compensation and assistance 

3. prevention and engagement 

4. enhancement and satisfaction 

One goal of gerontechnology is to use technology to prevent, delay, or compensate for 

the perceptual, cognitive, and physical declines of aging. A second goal is to use 

technology to support or enhance the opportunities associated with aging related to 

communication, leisure, learning, service, and artistic expression (Fozard, Rietsema, 

Bouma, & Graafmans, 2000; Van Bronswijk, Bouma, & Fozard, 2002). Technology may 

prevent negative effects of ageing, e.g. by preventing accidents; compensate for the 

effects by assisting people to do more by themselves; enhance comfort; increase 

stimulation within the home or make people more active. The technology available on 

the market is mainly focussed on proper support of (informal) care (organisation), 

compensation and assistance, and a little on prevention and engagement, while 

enhancement and satisfaction of the (elderly) person is getting less attention of the 

developers. It would, however, be preferred to focus on the satisfaction goal first, and 

eventually, get the other goals into focus. In gerontechnology this mismatch is 

illustrated by the inverse pyramid (Figure 2.3). A study by Brink and Van Bronswijk 

(2013) showed a similar effect in current smart home systems. 

Technology that supports caregivers and the care organisation exist, for example, in 

the area of self-medication (e.g. smart pill dispenser), telecare (e.g. screen-to-screen 

consultation), and care management innovations. Technologies to compensate for 

restrictions are, for example, navigation tools, perceptual implants, and robotics. 

Preventive technology focuses on preventive nutrition and drugs, healthy indoor 

environments and smart home functions such as security, safety, and alarms (Bouma, 

Fozard, & Van Bronswijk, 2009; Bouma et al., 2007; see Table 2.2).  
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Figure 2.3: Gerontechnology goals: the continuous line illustrates the current market 

focus (mostly care support), while the dashed line illustrates the gerontechnological 

preference for increased focus on enhancement and prevention. 

 

 

Table 2.2: Gerontechnology Impact Matrix (Bouma et al., 2007). 

 Life domain 

  

  Goal 

Health & 

Self-esteem 

Housing & 

Daily living 

Mobility & 

Transport 

Communica-

tion & 

Governance 

Work & 

Leisure 

Enhancement 

& Satisfaction 

Telemedicine 

Internet 

Wireless/ 

remote (e.g. 

phone) 

GPS 

navigation 

Info 

publ.transp 

Mobile phone 

(Social) 

websites 

Digital 

camera 

Internet 

Prevention & 

Engagement 

Healthy diet 

Home trainer 

Smart 

ventilation 

Safety 

illumination 

Car 

automation 

Traffic info 

Video Links 

Cell phone 

Focussed 

lighting 

Compensation 

& Assistance 

Passive alarm 

Dispenser 

Smart IADL 

Domotics 

Walker         

E-bike/ 

wheelchair 

Hearing Aids 

Internet 

shopping 

Power tools 

Robot pet 

Care support & 

Organisation 

Smart intake 

Control-PDA 

Electronic 

keys 

Powered 

lifting 

Navigation 

Care 

Networks 

Video links 

Robots 

 

 

The goal of the research in this thesis is to enhance and satisfy older people’s 

aspirations and needs for independent living and well-being. This fourth goal of 

technological intervention in gerontechnology “denotes technologies for attaining the 

highest quality of life at all three [prevention] levels” (Van Bronswijk et al., 2009, p.8). 

Most technology (currently under research), however, has the function to prevent 

harm, assist elderly people, or support care.  

Care support 

Compensation 

Prevention 

Enhancement 

Market focus 

Older peoples need 

Market focus 

Older peoples needs 

Legend: 

_______ Proportion of 

technology on the market that 

supports the gerontechnological 

goals 

----------- Preferred proportion of 

technology that supports the 

gerontechnological goals 
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2.5.2 Convincing aging users 

In human decision making, the personal balance of benefits and costs is expected to 

eventually determine the acceptance and actual use of technology. Benefits involve the 

functionality of a device or the impact it has on people (lifestyle, safety, et cetera). 

Costs are not only monetary costs, but also learning efforts or temporal discounting. 

‘Temporal discounting’ implies that future rewards are less valuable than immediate 

rewards (e.g. global warming). For ageing people an extra dimension is the remaining 

years of life. Poor health makes future rewards less valuable, while on the other hand, 

immediate costs, either financial costs or effort for mastering the user-interface, are 

more important to them. Short-term benefits and cost thus appear to have more 

impact on decision making of older adults than long-term consequences (Melenhorst, 

2002). One of the consequences is that the interface has to be user-friendly. Research 

has shown, however, that the greater the perceived benefit, the less important is the 

quality of the user interface (e.g. Davis & Venkatesh, 1996). Additionally, the opinion 

or behaviour of friends and family strongly influences the motivation of older adults 

to accept and use technology. This fact ought to be taken into account when 

implementing new technology and learning ageing users how to use new devices. 

 

The best way to teach ageing users how to use new devices is by ‘situated learning’ 

(Bouma et al., 2007). ‘Learning while doing’ can be supported by suitable online 

‘smart’ instruction (logical, simple menu's and prompts). Learning new skills is more 

difficult for older users, than for younger ones. On the other hand, unlearning 

acquired behaviour is even harder to realize and does not work well for this user 

group. The problem lies in the fact that older people have learned more habits, while 

the acquisition of new skills may conflict with those. When new behaviour matches 

intuitive use, these new skills are more easily learned by the ageing user (Ala-Mutka, 

Malanowski, Punie, & Cabrera, 2008; Connell et al., 1997). 

 

The attitude towards learning new skills and handling new technological devices is 

also determined by the type of user we are dealing with. Schneiderman (1992) 

mentions three classes of users: the novice users, the knowledgeable, intermittent user, 

and the expert, frequent user. In gerontechnology the older adult is considered a 

novice user.  

In addition, older users are much more critical concerning experimental situations 

than younger subjects. They may refuse to participate, or are not interested or 

indignant. Older users can be categorized into four types (D. Bouwhuis, ISG Master 

Class, November 14, 2007), with the following characteristics: 

1. Pioneers: routine users, eager teachers; 

2. Beginning users: showing enthusiasm; 

3. Aspiring users: worried about effort and learning; 

4. Refusers: unwilling to participate at all. 

It is important to realize that the group of refusers, in the population at large, is 

probably the largest group. 
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Obviously the best way to assess technology acceptance is by studying ‘actual use of 

technology’. People will not use technology that they do not accept, unless there is no 

other option. Designing technology based on a ‘technology push’ initiative rather than 

‘application pull’ will not benefit the actual or the desired usage of technology. This 

has often to do with the fact that the user is not the designer of the technology. All 

users, and older users in particular, can act, or use the technology in a certain way a 

designer would never expect. A device that works properly according to the designer 

can be useless in the eyes of an aging user. If a user is not able to (understand how to) 

use a product he or she will simple state that “it does not work”. 

Stevenson (1994) mentions five elements that are crucial to increase technology 

acceptance by older adults: 

1. take into account their health status 

2. take into account the need for a style of explanation which allows for slower 

learning 

3. take into account the need to explain certain key points of the technology 

4. accept that this learning will often be best done by interpersonal exchanges 

5. allow for basic lack of confidence, especially in some older women. 

We must stress that in this thesis we are not talking about all older adults. This thesis 

focuses on the older adults in the third age, who have minor physical restrictions, but 

who are still (socially) active and want to participate in society.  

 

2.6 Conclusion and discussion 

 

In order to increase the effectiveness of smart home and telecare application in home 

care situations, it is important to define and understand the corresponding hindering 

factors. The major hindering factors explained in this chapter are the diverse 

stakeholders that have to cooperate in the field of smart home and telecare services, 

and the older end-users who have to interact with this new technology.  

Problems with smart home and telecare technology can be partially ascribed to the fact 

that many stakeholders are involved in telecare (Bouwhuis, 2010). Although the 

technology mainly originates from the information and communication (ICT) sector, 

the implementation process of this technology also involves the industry, security, 

care, and telecom sector. For further development of telecare the educational sector, 

government, and care are involved, while for exploitation of telecare government, 

finance (insurance companies), trade, and recreational sectors are involved. These 

sectors are not always used to working in multidisciplinary fashion, and they may 

have different goals and aspirations regarding telecare. However, due to future ICT 

developments trans-sectoral innovation is needed, especially in the area of smart 

living (Baken, 2010). 

 

The multidisciplinary collaboration thus results in organisational, financial, as well as 

cultural issues. To decrease the perception differences between the stakeholders 
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involved, we proposed an analysis of the expected and experienced effects of smart 

home technology (E-E Analysis) in care situations for each group. For designers the 

effects involve effective goals, caregivers are mainly interested in effects on workload 

and quality of care, while care receivers are influenced by usability effects.  

 

It is not the case that current technologies are insufficient to solve the problems with 

smart home technology in care situations. Actually, on a technological level even more 

is possible than is yet applied in so called “smart” technology (see Chapter 1 

‘Technological driving factors’). There is however a technological need for a platform 

that enables communication between smart home services, devices and applications 

(Brink, 2013). The problem also relates to the usability and functionalities of smart 

home and telecare technology that do not sufficiently correspond to the actual needs 

of the care receivers and caregivers. Even though many researchers have stated that 

user requirements should more be taken into account in smart home projects, many 

tangible improvements are driven by improved technology (technology push). The 

actual users obviously need to get better involved in the development and 

implementation process of smart home technology. By involving the care receiver and 

the caregiver in the process, the designer gains more insight into the true perceptions 

of the stakeholders he or she is designing for. As a result, the list of functional 

requirements for a smart home system or a smart home project consists of more than 

just technological functionalities, and should comprise all stakeholders’ attributes, 

consequences, and values. By taking a gerontechnological approach the elderly end-

users can be understood better in the implementation process of smart home and 

telecare technology. However, the design process must be considered as an on-going 

cycle. After use, the stakeholders’ expected effects changes into actual experienced 

effects, which may be different and may modify the list of requirements.  

 

The low acceptance and adoption of telecare technology by elderly people can thus 

partially be ascribed to the ‘gap’ between what the technology can do or bring to the 

people, and the actual need that these people have. This ‘gap’ is actually the result of 

the ‘driving factors’ for telecare. Nowadays, society as well as government, industry, 

and care organizations feel the pressure of a society that is growing older. The 

‘dependency ratio’ (in Dutch: ‘grey pressure’, see also 1.1.2) is increasing, which means 

fewer people will be available in the near future to handle the growing amount of 

elderly people who are in need of care. To reduce the growing call for care giving by 

professionals, elderly people are encouraged to prevent or reduce the need for 

professional care, by self-management, self-care, and support by informal caregivers. 

Their autonomy and independence can be supported by technology, for example by 

telecare technology. As a result, the technology has been developed from a care-

perspective, while it may also have other potential benefits related to welfare, well-

being, or entertainment. Current smart home platforms however are found to support 

only 20% of the desired applications for aging-in-place (Brink, 2013). As long as 

platforms are not suitable, the needed applications and functionalities are less likely to 
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be developed. The challenge for industry, service providers, care organizations and 

government is to articulate the needs of potential users; then develop and introduce 

technology that supports those needs or enhances them, and then – later on – add 

useful telecare functionalities to the accepted technology.  

 

Although many researchers claim to know the needs of elderly people, and many 

telecare and smart home technology projects state they have introduced technology 

that fits the needs of the elderly end-users, the adoption of smart home and telecare 

technology on a large scale is lacking. Mohammadi (2010) found that producers of 

smart home technology think that elderly people do not know what technology is 

available and what the possibilities are, while the older people in her study were 

familiar with the technology, but stated that the current functionalities did not fit their 

needs. 

To increase the acceptance and use of telecare technology it is thus important to 

understand what the needs of elderly people are and how technology might substitute 

or support these needs. Therefore, several studies have been conducted to obtain 

needs and find proper smart home or telecare functionalities, as will be explained in 

Chapter 3. 
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3 User Needs Assessment for Smart Home and    

Telecare Functionalities 
 

In Chapter 1 the driving factors for telecare applications in home care are described, 

including the technological developments in that area. However, the implementation of 

smart home and telecare technology has not been as effective as expected, due to the 

various hindering factors as explained in Chapter 2. It is therefore important to accord the 

older end-user a central role in the development and implementation process. By assessing 

the end-user’s needs, smart home and telecare functionalities can be defined that fit those 

needs, in order to increase technology acceptance. This chapter analyses different methods 

that can be used to assess end-user needs in relation to telecare. Several need assessment 

studies are discussed, including the elderly needs following from these studies1. 

 

3.1  Introduction 

 

The use of telecare technology is expected to increase the quality of life, to support 

care, and to support independent living. However, many projects have shown that the 

implementation of telecare technology in homes of elderly people is associated by 

acceptance difficulties, which can partially be ascribed to a gap between user needs 

and system functionalities and design.  

The application of telecare may yield an improvement of an existing service, it may 

involve making an existing service available to a new community, or it may provide a 

new service. These levels of application lead to different implementation strategies 

(Thie, 2008). Beside an organisational change – care processes have to be rearranged 

and care providers have to be trained – the technology has to be accepted by the users. 

Indicating the features that determine telecare technology acceptance and use is 

necessary to increase the effectiveness of telecare in improving the elderly clients’ 

well-being. 

Our paper (Sponselee, Schouten, & Bouwhuis, 2008) describes several case studies in 

which users’ needs were analysed and evaluated in the context of telecare. In three 

projects (Bösdael, IJsselveld, and Viedome-TV) different methods have been used to 

arrive at a list of requirements tuned to the needs of the various users. The contexts of 

these methods all involve the introduction of new technology for new ways of care 

provision in a home care setting.  

                                                             

1 This chapter is partially based on a paper presented at the AmI’08 Conference: Sponselee, A., 

Schouten, B.A.M., Bouwhuis, D.G. Analyzing Users’ Needs for Telecare: Several Case Studies. 

Capturing Ambient Assisted Living Needs: Ami 08 Workshops Nürnberg, Germany, November 19-22, 2008. 
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In the next sections several need assessment methods are explained. After describing 

experiences with the selected methods, the results, and their use for capturing 

Ambient Assisted Living (AAL) needs (section 3.2), several points of interest regarding 

research methodologies for telecare are discussed (section 3.3). In section 3.4 an 

overview of elderly people’s needs in relation to telecare, based on the studies 

described, is given. 
 

3.2  Needs assessment methods 
 

Several methods have been used to arrive at a list of requirements tuned to the needs 

of the various users in the context of smart homes and telecare (see Fig. 3.1). 

Differences in methods and results are explained here.  

 

  
A) Workshops (Bösdael and IJsselveld project) B) Role-play (Bösdael project) 

  
C) Demonstration facility (Bösdael project) D) In-home experience  

    (VieDome-TV project) 

Figure 3.1: Four methods used for Telecare Needs Assessment. 
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3.2.1 Workshops 

The organisation of workshops, inviting all stakeholders involved, is a well-known 

method to find user needs. Discussion may lead to first ideas but most stakeholders 

may have limited knowledge of what telecare and smart home technology actually 

implicates and offers. While application pull is preferred over technology push, asking 

users (care providers) and end-users (clients) what they want often results in the reply 

that they do not know what smart home technology can offer them and what is 

available ‘out there’. In the case of telecare applications, the added value of a 

workshop is meeting other stakeholders; bringing design engineers, system 

integrators, care and service providers, and end-users together. It is therefore useful to 

organise workshops at the beginning of a telecare project.  

Workshop with stakeholders in the Bösdael project 

In the context of the Bösdael project five multidisciplinary interactive workshop 

sessions were organised to define smart home and telecare trends and developments 

(see section 1.1), and to define the needs of potential smart home technology users. 

The final goal was to translate the supply of and demand for care into supporting 

technology (ICT and domotics). 

Method 

The five successive workshops, which took half a day each, were attended by 25 to 35 

participants and had each a specific purpose and theme (see Rutten, Dekker, & 

Willems, 2004). The participants were smart home project stakeholders with various 

backgrounds (care professionals, care managers, therapists, welfare workers, 

physicians, patients, and also representatives from housing corporations, construction 

consultants and electrical engineers). The workshops consisted of working in small 

groups, sharing the insights with all participants, and plenary presentations by 

external experts. The results of the workshops were translated into smart home and 

telecare technologies (Rutten, Dekker, & Willems, 2004) and as a concept presented to 

the project team. All workshop participants received a CD copy including the final 

results. 

Results 

Based on eight different groups of potential users (ranging from elderly people 

without any need for care to people in need for rehabilitation, to palliative care) an 

inventory was made of supply of and demand for care. In small groups of five to 

seven participants the following questions were asked: “What specific needs does this 

potential user has?”; “What does this need mean for care supply, care process, 

organisation, or supporting technology?”; “What are the challenges for this potential 

user?”; “What smart home and telecare technology is relevant for this user?”.  

The needs resulting from the workshops were categorised into five areas of ‘needs’ 

that were verified by the participants: 
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1. Quality of life, involving: privacy, autonomy, independence, self-control, reduce 

pain, reduce loneliness, mobility. 

2. Safety and security, including trust in and continuity of caregivers. 

3. Medical care; quality of care (at home), reduce general practitioner visits, social 

contact. 

4. Information, including communication, entertainment, exercises, (ICT) courses. 

5. Comfort, related to personal and domestic care. 

As the workshops were organised by a care organisation, participants had the 

tendency to consider the issues from a care perspective, resulting in a needs inventory 

that was rather care-oriented.  

Workshop with stakeholders in the IJsselveld project 

The IJsselveld project in IJsselstein (near Utrecht, the Netherlands) organised a series 

of six workshop sessions, where the focus was mainly on elderly people without a 

specific need for care. For renovation purposes, the housing corporation involved in 

the project wanted a list of functional requirements for all its occupants, varying from 

elderly people not in need of care, to mobility, visually or hearing impaired people, 

mentally ill, psycho-geriatric impaired persons, people in rehabilitation, and people in 

palliative care.  

Method 

The multidisciplinary stakeholders (20-40 participants from a housing corporation; 

welfare and care organisations; various care receivers and their representatives; 

general practitioner; local authorities; electrical engineers; and architect) involved in 

the project were first informed about the possibilities of smart home technology. In 

multidisciplinary groups (of five to six people) stakeholders were then asked to define 

‘user groups’, users’ needs, and required functionalities. In multiple matrices needs 

were labelled as ‘basic need’, ‘extra’, or ‘luxury’ in relation to the user groups. All 

workshops’ output was communicated to all participants for agreement. 

Results 

In the course of the project the eleven user groups defined in the workshops (see 

Rutten, Rutten, & Willems, 2005) – with corresponding needs and functionalities – 

appeared to be impossible to work with. Several functionalities appeared to be useful 

for anyone, e.g. a barrier free house, which made it difficult to define which user 

groups were to be granted access to these functionalities. There were also discussions 

regarding transmural user groups, like mobility impaired clients who needed sensor 

based functionalities but did not understand the functionalities because they were 

suffering from dementia. Such individual differences and preferences indicated the 

need for a more ‘personalised’ needs analysis rather than needs defined per ‘user 

group’.  

Irrespective of the differences between user groups and individuals, the needs that 

were defined were clustered in four main areas: 
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1.  Quality of living environment, including the need for privacy, autonomy, mobility, 

accessibility, services, and ease of use. 

2.  Safety and security, including sense of safety, social control, surveillance, personal 

attention. 

3.  Provision of services, including support for informal caregivers, (domestic) care and 

services on demand, (personalised) medical information, technical support, preventive 

activities. 

4.  Communication, including modern communication means (telephone, television, 

internet), accessibility to information and advice, courses.   

Although the use of ‘client profiles’ was continued in the project, the workshop 

participants mentioned that ‘needs’ as well as ‘functionalities’ differed more along 

individuals rather than along profiles. This needs assessment method thus seems more 

useful for individual needs analysis. 

Workshops with elderly people organised by Seniorenbelangen Geldrop-Mierlo  

In another study two discussion meetings were organized by an elderly association 

and a VieDome-TV sequel project (WoonServiceGemeente) in the rural district of 

Geldrop-Mierlo (near Eindhoven, the Netherlands). In the meetings, participants were 

asked to discuss – in groups of ten – what their basic needs in daily life are or will be 

in the future. The results of the meetings served as input for the development of a new 

service portal in their community. How technology could be used or what 

functionalities were needed was of minor concern.  

Method 

Elderly people in Geldrop-Mierlo were informed about the meetings by means of an 

advertisement in four local newspapers, and flyers distributed by local elderly 

associations. Participants had to buy tickets in advance (€1,-), that could be used for 

coffee, tea, and cookies. With 80 (first meeting) and another 100 (second meeting) 

elderly people attending, the maximum capacity of 150 people per meeting was not 

reached, After an introduction and a plenary presentation about the smart home and 

telecare technology and services, participants discussed their (future) needs in groups 

of ten. Groups were formed by means of ticket numbers, and each group was assigned 

to discuss one of three themes (physiological needs, need for safety / security, social 

needs), under the guidance of a discussion leader. The discussion leaders wrote down 

findings that were collected and analysed by the smart home project team of 

Seniorenbelangen Geldrop-Mierlo. 

Results 

The meetings resulted in eight ‘needs’ requiring attention when developing new 

supportive technology. These eight needs are elaborated below. 

1. Contact with care, related to surveillance (social support) and physiological 

measurements, like: wake-up calls, daily talk / chat, goodnight service, check on meals 

and reminders on medication and appointments, a combination of personal care and 
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technology, measurements of blood pressure, glucose level, respiration, and weight, 

help with hearing aid, having a back-up contact and social control.  

2. Medication, help with medication; the scheduling of pills (e.g. for the week), 

reminders for taking medication, the right dose, the right pills, check on intake, 

monitoring. It involves the need for physical support (getting the medication), mental 

support (reminding) as well as emotional support (fear of forgetting or taking the 

wrong medication (dose)). 

3. Safety / prevention, the possibility to contact others in need of emergency, with a 

quick response as a desired result, as well as the possibility of detecting smoke, fire, 

burglary, and falls. These falls should preferably be prevented, e.g. by means of 

railings (staircases can be difficult), hand supports, sufficient lights, and non-slip 

floors. Some people preferred an automatically generated alarm, e.g. after not 

activating the ‘wellness button’ in the morning. An active alarm can preferably be 

generated by means of multiple devices, such as an alarm button (necklace, bracelet), 

watch, or mobile phone.  

4. Security. To diminish fear when on the streets, in the evenings, and at night, 

participants mentioned the need for security measures like surveillance, sufficient 

lighting, an emergency button with a larger range than indoors, or a Judas hole in the 

front door. Along with increased age the sense of security decreases. Elderly people 

tend to experience more fear, and thus develop a need for security. This need for 

security is probably related to the experienced decrease of physical capabilities. 

5. Social contact / networks, mentioned by the participants as very important. Some 

people experience a lack of seeing and meeting other people. Care organizations can 

help building up networks; others believe it is the clients’ own responsibility to build 

up a social network and social surveillance. These social networks can consist of 

friends, neighbours, children, grandchildren, and volunteers. These networks can give 

support, also mentally, and increase the sense of belonging. People in these networks 

can do shopping or can be contacted in case of need. Possible means are the telephone, 

videophone, an interactive screen, or screen-to-screen contact through a television, 

even across borders. 

6. Mobility. People expect or are already suffering from a decrease in mobility. 

Therefore, they need delivery services of supermarkets, pharmacy, general 

practitioner, and others. If possible, they want to use their car as long as possible, 

otherwise use a taxi cab, or have volunteers do their grocery shopping. This need for 

physical support is related to the emotional need for self-support and independence. 

7. Information / accessibility, involving the need for finding information on relevant 

welfare services or support tools for elderly people who live independently. Many 

participants expressed the need for information on (the way towards) services like a 

‘single household’-service, delivery services, dining service, odd-job service, taxi / 

transport service, or local authority services. They also expressed the need for 

information on the quality of assistive technology, and how to apply for, or gain 

information on an alarm system, chairlift, constructional / technical adjustments, 

allowances, courses ( ‘personal care for elderly people’), self-care (self-management 
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with ‘personal care budget’), costs and the possibilities of, and information on smart 

home technology. People want to organize and make decisions on their own, but they 

do not know the way towards the relevant information. 

8. Technology requirements. Although not the focus of this study, participants 

mentioned requirements for technological support, based on their current experience 

and expectations. They mentioned legibility as well as readability of texts on products, 

mental and physical ease of use (e.g. telephone, mobile phone, television), danger of 

stand-by settings on electronic products. Concerning the alarm button: a bracelet 

rather than a necklace, reduction of false alarms, and the possibility to make an alarm 

through multiple devices like a watch, telephone, necklace or bracelet. Smart home 

technology was considered as ‘complicated’. Participants expressed the need for an 

affordable service platform that can be extended when needed (modular system), that 

can move along with them when necessary, and that is standardized. They suggest 

one location / office / hotline to report problems. Newly built houses should have 

electronic locks, empty conduits installed as well as wireless internet access. This 

needs were mainly a result of physical constraints (e.g. decreasing eyesight), as well as 

mental constraints (e.g. difficulty with learning and remembering). 

9. Costs. Beside these eight needs, participants also mentioned items related to costs. 

People wanted to know what a ‘smart home’ would cost, who would pay for the 

technology, the possibility to regain taxes, the possibility to reduce the role of 

commerce, the (financial) role of the government, and the extra costs due to increased 

use of energy. Participants were only interested in an affordable basic package, with 

the possibility for extensions. 

3.2.2 Role Play 

A less often used method to learn about user needs, is role-playing. A weakness of the 

previously described workshops is the lack of knowledge about the impact and 

possibilities of new technology. (End-)users first have to become acquainted with 

technology-supported care giving processes, while the conventional care processes are 

still in use. Although role play originates from experiential learning, especially for 

training communication and consulting skills, role play may be illustrative to have 

care providers experience the use of telecare technology in the care process. By using 

actors (playing clients or patients), not only the development time and costs are 

reduced, also many of the common ethical, time, and resource constraints of testing 

with potential (clinical) end-users diminish (Boger, Hoey, Fenton, Craig, & Mihailidis, 

2010). As a result, a) care providers become a more critical party in workshop 

discussions on (end-)user needs (Sato & Salvador, 1999), b) the designer becomes more 

acquainted with the final implementation context and user groups (Newell, 2006), and 

c) natural reactions of (end-)users yield issues on usability and are helpful in 

requirement gathering (Newell, 2006; McKenna, Marquis-Faulkes, Newell, & Gregor, 

2006). In addition to an improvement of system design, role play may also help 

achieving acceptance of telecare technology by care providers as they get the 
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acquainted with the technology early in the implementation process, in a playful (and 

often fun) manner. 

Role-play in the Bösdael project  

In the Bösdael project role-playing was used to get caregivers acquainted with 

technology-supported care. A role-play was organised, in which actors played the 

roles of nursing home patients and caregivers were expected to react to the situation 

and act as in real-life.  

Method 

In consultation with a care provider and institutional management of the care 

organisation, seven scenarios were selected and described that could occur in the new 

anticipated care giving situation of small-scale housing. Caregivers were invited to 

attend the role-play that was organised at a nursing home activity room. First, the 

purpose of the role-play was explained to the attendees. Second, the scenarios were 

introduced and caregivers were invited to volunteer and react upon the situation. 

After each scenario, volunteers and observing caregivers were asked to comment on 

the situation, related to both caregiving and technology used in the scenarios. The 

role-play as well as the comments were recorded on film. 

Results 

The role play resulted in technical and procedural requirements and showed the 

comparative importance of technology, care process and procedures, and behaviour. 

Some examples: 

1. Technical. Caregivers expressed their need to have mobile access to video images of 

clients, when a caregiver alone is responsible for many clients, a vibrating mobile 

phone to reduce the amount of alarm tones and the possibility to close a room 

automatically for others than the occupant.  

2. Procedural. The role play showed the necessity of two caregivers per group in the 

morning, during nursing, and in the evening, during cooking, as the proposed 

manpower (of one caregiver) appeared insufficient to handle the stress.  

3. Implementation process. It also became clear that training is needed to react to alarms 

and to utilize video images in the care process, as caregivers do not have routine 

responses to those signals yet.  

As the role-play was an introduction to the caregivers of a new working situation, in a 

new setting, with new procedures, and technology, the role play also created 

awareness of increased required responsibilities and autonomy of caregivers. In 

general, role play was a vivid representation of the future work situation and 

promoted a deeper understanding of and engagement in the reorganization of care for 

caregivers, management, and system integrator, as anticipated (Alkin & Christie, 

2002). 
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3.2.3 Demonstration Trials 

New technology is often studied in a lab condition, mainly for usability testing. 

However, to learn more about the users’ needs, the technology should preferably be 

tested in a realistic setting. Especially if it involves the use of technology in a home 

setting, the lab should feature a home like character so users can imagine themselves 

in their home situation (e.g. De Ruyter, Aarts, Markopoulos, & IJsselsteijn, 2005). In 

several smart home projects, smart home and telecare systems were demonstrated in 

various ways: in a welfare centre for system comparison; in a nursing home for 

demonstration and research purposes; and in a senior apartment. 

System demonstration in the IJsselveld project 

The smart home and telecare project ‘IJsselveld’ in IJsselstein (Utrecht, the 

Netherlands) was part of the provincial funding project Toekomst Thuis (‘Future at 

Home’). After many months of organizing and discussing the introduction of smart 

home and telecare in elderly households, the project organization reached the moment 

of choosing a telecare system. During the planning time, the project team had decided 

to choose between two prominent Dutch systems, namely VieDome and PAL4 

(Personal Assistant 4 Life; see Figure 3.2). Both systems support telecare including 

screen-to-screen communication with care and family, while the optional 

functionalities as well as the interface differ between the two systems. 

Method 

In November 2008 the two systems were demonstrated at the welfare centre of Pulse, a 

welfare organization in IJsselstein. Potential future users, living in the IJsselveld area, 

were informed by the local newspaper, a newsletter, and during their visit at the 

 

 

Figure 3.2: The PAL4 system organisation by Focus Cura. 
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A) VieDome touchscreen B) VieDome-TV (television version) 

  
C) VieDome.tv (computer version) D) PAL4 touchscreen 

Figure 3.3: The various systems and interfaces on demonstration. 

 

welfare centre. Visitors could see, touch, and use the separate systems with different 

interfaces (see Figure 3.3). They were asked to comment on the systems and express  

their preference by means of a questionnaire. The system of VieDome was 

demonstrated in three ways: the touch screen option, the television option 

(VieDomeTV) with a remote control, and the computer / internet version 

(Viedome.tv). The PAL4 system was only demonstrated as a touch screen system, 

including an optional remote control and keyboard (the system is also available as a 

television or computer version). In total, more than 50 seniors tried out the 

demonstrated telecare systems. Unfortunately, not all participants handed in the 

questionnaire regarding their preferences for system and functionalities (20 on first 

day; 16 on second day). Those preferences and remarks that were collected by the 

project organisation are discussed here.  

Results 

Of the three VieDome system versions, the television version was most preferred (see 

Table 3.1). The fact that every person already has a television in his home is mentioned  
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Table 3.1: Number of people having a preference for one of the telecare systems, 

including remarks. 

Preference # Remarks 

VieDome   Possibility of choosing between different systems 

 A: touch screen 3 Easiest system to use 

 B: television 21 No extra screen needed / People already have a 

TV / Best to use / accessible for wheelchair users 

 C: computer 2 Nothing extra needed (cheapest) 

PAL4 D: touch screen 4 Easy and understandable interface with pictures 

No preference 6  

Total  36  

 

 

as one of the main reasons. The use of a remote control was preferred, especially for 

wheelchair users, although the number of buttons might be confusing in times of 

emergency. The fact that the television version has layers (‘tabs’) shows the potential 

for expansion. The touch screen was less preferred as users need to walk towards the 

system in order to use it (no optional remote control). The computer version was not 

considered as a potential option. 

The PAL4 system clearly demonstrated its potential for entertainment and 

communication possibilities. The options within the system for safety and security 

were less apparent. People who preferred functionalities as contacting family, internet, 

and radio were most positive about the PAL4 system. The touch screen was not 

always as easy to use, due to the ‘double tap’ function. The optional remote control 

can solve the ‘wheelchair’ problem.  

The possibility to make a video call without the need of a computer was appreciated in 

all systems. The system should also include an alarm pendant. Options that were 

mentioned are subtitles or texts messages for people who are hearing impaired, voice 

commands, spoken texts as output, and larger-size letters on all interfaces. Many 

people mentioned the need for a system that includes, or has the option to include, a 

video intercom with automatic door opener, a fall detector, and a fire alarm. 

The results clearly showed a preference for the VieDome system. However, this 

preference may partly be explained by the prominent demonstration of this system in 

comparison with PAL4, which only had one system installed on the other side of the 

room. Another reason why people might have preferred the VieDome system is the 

‘care perspective’ of this system. While PAL4 has the same possible functionalities, 

VieDome propagates the care functionalities, while PAL4 promotes its entertainment 

functionalities. The results of this study demonstrate that the assumption of care 

organizations, government, and others that elderly people should predominantly be 

interested in such system for entertainment and welfare services might not be correct. 

Many participants expressed their interest for a telecare system because of safety, 

family contact, and care functionalities.  

Although a preference was articulated for one of the systems, the choice for one of the 

suppliers could not only be based upon this test, as both suppliers offered comparable 
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functionalities and system versions (touch screen, television, and computer). The test 

however did demonstrate criteria that are important for potential telecare users.  

Although the television version was preferred the most in this study, participants 

especially appreciated the possibility to choose between versions. The touch screen 

options were experienced as easiest to use, while all interfaces need improved 

usability (e.g. no ‘double tapping’). The care functionalities (personal alarm, care 

centre, and screen-to-screen consult) were considered to be more important than the 

‘fun’ functionalities. It is therefore advisable to make functionalities modular, thus 

optional, including any smart home functionalities. 

Nursing home demonstration facility in the Bösdael project 

In the Bösdael project elderly people and caregivers could experience and were asked 

to evaluate the smart home technology available in a demonstration facility (see also 

section 2.4.2). The facility consisted of two nursing home rooms equipped as 

apartments for people who need home care, and a control room for the care providers 

(Willems, Vlaskamp, Sponselee, & Crooymans, 2006).  

Method 

From November 2005 until June 2006 elderly people and care professionals were 

invited to visit the demonstration facility. A total of 22 elderly groups (ranging from 

welfare organisations, elderly assistance service, voluntary care workers, client council 

groups, and teachers from primary school, to a local political party, et cetera) and 20 

professional groups, including managers, care providers, and informal caregivers. 

Groups were guided through the three rooms, and were given information on the 

functionality of the different technical systems. Afterwards information on paper 

could be taken along, and participants were asked to fill out the questionnaire (from 

March-June 2006). Eventually, 51 clients (response rate ± 50%) and 80 professionals 

(response rate ± 80%) filled out the questionnaire. The results were analysed using an 

Excel spread sheet. 

Results 

The study showed evaluative differences between caregivers and clients. While 

caregivers appeared to be more focussed on safety and security technology that may 

prevent harm and injuries, elderly people were more eager to agree on care 

technology, like telemedicine. For example, most elderly subjects found an alarm unit 

useful for safety issues, while at the same time they answered it would not be 

necessary for them (yet). This finding can be explained by the negative stigmatizing 

association that seems to overrule the positive safety effect of an alarm unit. Another 

difference found was that elderly people were willing to sacrifice some of their privacy 

in order to facilitate the care giving process (e.g. in case of using cameras), something 

caregivers would only agree to if clients fully approve. The demonstration facility 

revealed different evaluations of smart home functionalities between caregivers and 

elderly people, and thus is not only informative for potential users groups; it also 
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shows requirement dissimilarities that have to be solved. If the technology is 

demonstrated in a home-like facility, the technology actually works, and users can 

experience its functionalities, making this method useful for capturing users’ needs. 

Senior apartment demonstration facility in the Bösdael project 

A more advanced method for measuring users’ needs in a demonstration facility was 

used in the Bösdael project where a two bedroom apartment was equipped with the 

newest smart home technology to be tested by clients who were going to live there for 

several weeks. The goal of the study was to test what technology would be needed for 

multiple defined user groups, with corresponding needs and functionalities.  

Method 

As there was not enough time and money to test all user groups, only three groups 

stayed in the apartment. First, a male rehabilitation patient, who was wheelchair 

dependent until he would get his second leg prosthesis, stayed in the apartment for a 

month. The second inhabitant was a CVA patient (male), also wheelchair dependent 

and dealing with minor cognitive impairments. The third inhabitant was a wheelchair 

dependent male suffering from partial paralysis. All three participants were nursing 

home clients with intensive care demand.  

Results 

The first two male participants were offered the opportunity to live in the apartment 

together with their spouse. The fact that they were living together again was such a 

significant change in their lifestyle, that this became more important and had a higher 

impact than any of the technology in the apartment. This finding reveals that the most 

significant need, living together with their spouse, is one that cannot be realized by a 

certain technology. However, new technology may support and make it possible for 

spouses to live together (again) even if one of them becomes care dependent. 

The evaluation study resulted in several usability improvements, automation 

adjustments, and technology selections. The corridor was too narrow for wheelchairs, 

the videophone was located too high, the sockets too low, the motion-sensor night-

time route was programmed in a user-unfriendly way, the light remote control was 

barely used, and thus not needed, and the personal alarm device appeared only useful 

for the participant who lived alone.  

This time-consuming and expensive way to capture users’ needs appeared to be quite 

effective. Unfortunately, the findings were rather ‘person-’ and ‘situation-’ specific, 

while the method is too expensive to use for each potential user. By asking a diverse 

selection of users to participate in such a study, it is possible to capture the most 

significant needs, after a technology selection is made. In addition to analysing needs 

and usability testing, this method is an eye-opener for the care organisation regarding 

the new care giving process and procedures. 
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3.2.4 In-home Experience 

The most effective method to study users’ subjective experience and their evaluation 

of products, in order to capture their needs, is by implementing the technology into 

the homes of the end-users. It is the most intensive and expensive method to analyse 

users’ needs, but the results are worthwhile. To obtain the most valuable results, the 

functionality and use of the technology should be realistic and in working order. Not 

only the technology itself should be operational, also the remote services, or at least 

the expected feedback should be available. In-home experience is often used when the 

technology is available but the processes behind the functionalities are not (yet).  

In-home experience in the VieDome-TV project  

In the VieDome-TV project participants were given telecare technology for free, in 

order to test the technology, the processes behind it, and to find potential telecare 

functionalities. 

Method 

In the VieDome-TV project (Eindhoven area), the in-home experience study started 

with an interview of 75 participants (mean age: 76.7 years) in order to identify their 

‘needs’ in relation to telecare (see also section 5.1 on Methodology). At the time that 

participants were offered a telecare system with multiple functionalities (alarm button, 

video-contact with care centre, family members, services, and online information) they 

were asked what other services they would like to see within the telecare-concept. The 

idea was to find apparent needs as well as benefits lacking in the current system. 

Participants were asked for other possible services and functionalities at three times: 

pre-testing, post-1 (after a few months of use), and post-2 (after one year of use). 

Results 

The VieDome-TV project tried to reveal the needs of people, by asked what tele-

services they wanted. After collecting the responses, the services and functionalities 

mentioned were categorized and appeared to relate to the following four groups: 

safety, care and cure, social contact, and tele-services. Safety services involved, for 

example, a videophone to open the front door, or a passive alarm. Care & Cure services 

involve contact with a physician, pharmacy, hospital, therapist, or other caregivers. 

Social contact services involve contact with relatives, other telecare-users, fellow-

sufferers, or just someone to have a chat with once in a while. Tele-services involve all 

possible services that become more accessible through the system, like meals-on-

wheels, online grocery shopping, taxi reservations, bookshops, library, pedicure, 

banking, odd jobs / labour service, et cetera. 

As ‘social contact’ seemed rather important for people in the pre-test, the organization 

decided to make the service available to contact other users, and further investigated  
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Table 3.2: Number of participants mentioning ‘other telecare services’ or ‘lacking 

benefits’. 

  Pre-test Post-test-1 (%) Post-test-2 

Services / 

functionalities 

 (N=75) (N=47)  (N=34) 

Safety  3 5  5 

Care and Cure  8 11  7 

Social Contact  11 7  4 

Tele-services  14 8  12 

Contact with other 

telecare system  users 

Yes           

Maybe 

No 

Don’t know 

 13 

11 

22 

1  

(27.7) 

(23.4) 

(46.8) 

(2.1) 

 

 

 

this potential service in the post-test-1 questionnaire1. The findings are shown in Table 

3.2. 

Safety services seem to be covered by the current system, as only a few participants 

mentioned safety services as possible additional functionalities. The need for social 

contact services decreased in absolute numbers, which makes sense, as during the 

study more people got connected to relatives and / or other users. Care and Cure 

services as well as tele-services were mentioned most often. Participants apparently 

expected these additional functionalities of the system within the project period, or 

considered it as potential additional features for the future. 

More than half of the participants (post-test-1; N=54) had technical problems regarding 

the video connection with both the care centre and their relatives. It resulted in 

negative evaluations of the technology and its functionalities, as the problems 

overruled the possible service and care support potential. This finding corroborates 

that smart home and telecare projects are still being approached from a technical point 

of view, instead of taking the care process as a starting point. However, when the 

functionality is limited and services are not yet available, users cannot really 

experience the usage and usefulness of it, resulting in an inaccurate and incomplete 

analysis of users’ needs, a negative evaluation (of experienced effects) by the end-

users, and eventually low acceptance of telecare. 

The results of the study also showed that telecare technology should not intrude too 

much on people’s home situation, as participants were disturbed by, and commenting 

                                                             

1 The fact that half of the participants were somewhat interested in contact with other users needs 

some qualification. After the functionality was made possible, only ten people seemed interested and 

showed up at a meeting concerning this service. Six of them got connected with other telecare system 

users, of which three people ever used it. Eventually only one person actively used the functionality of 

contacting other users. People apparently have difficulty predicting their future needs. Mentioning 

other services or ‘lacking benefits’ does not mean that people will eventually use the functionality, and 

moreover are willing to pay for the service. 
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on elements of the telecare system that did not fit to their normal situation (e.g. 

disturbing cables, flashing lights, and ventilation noise; see chapter 5 for more details). 

This would present a challenge for system engineers (reduce these physical issues), 

care institutions (adapt homecare to telecare), as well as clients themselves, who have 

to perceive telecare technology as an opportunity instead of a stigmatizing care 

application. It also shows that telecare (needs) can only be studied accurately when the 

care processes and services are sufficiently elaborated, and technological and 

organisational issues are no longer interfering. 

 

3.3  Comparison of needs assessment methods 

 

In the case studies described here, workshops, role play, demonstration trials and in-

home experience were used for capturing users’ needs. In Table 3.3 the applicability of 

and differences between these methods, elaborated by the author, are given. While 

multidisciplinary workshops seem valuable for minimizing the gap between the 

diverse stakeholders involved, it is not that useful to obtain user requirements. 

Workshops with elderly people, on the other hand, is a useful method to get into 

contact and have discussions with your potential users. Role play seems valuable as an 

awareness tool for caregivers and management. In case of demonstration homes and 

in-home experience there are several issues to take into consideration.  

First of all, users participating in a study are often the ones who are interested and 

involved in current developments. These ‘active users’ may have different needs than 

the less interested, more afraid, non-active users. In addition, as the technology is 

often not working fluently or reliably, project organisation often decides to have less 

care dependent participants participating in the study than the potential user group. 

Moreover, clients may receive better treatment (“special treatment” (Mair & Whitten, 

2000)) and more attention because they are participating in a research trial (Taylor, 

2005). Effects thus may be caused by their ‘participation’ instead of by the technology 

intervention.  

On the other hand, during long-term studies participants may decide to leave the 

study, due to various reasons. These users are actually a source of information on non-

acceptance and no-need and should not be neglected.  

Additionally, with respect to validity, people may have difficulty in predicting their 

future needs or technology usage. Besides, people tend to be positive because they are 

in a (free) research trial and they do not want to be rude (social desirability bias 

(Bouwhuis, Meesters, & Berentsen, 2008; Eyck, 2004)). Chae et al. (2001) mention the 

Hawthorne effect, the effect that people are satisfied because of the special attention 

they receive. Yet, being positive (subjective measures) is not equivalent to actually 

using the system (Taylor, 2005). 

As mentioned before, the functionality of the technology may be limited in the trial 

phase. Therefore, conventional channels or technology can be better and quicker than 

the new technology, which may result in lower usage rates (Taylor, 2005). People are 
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better able to judge the relevance of technology and its services once they have 

experienced it, which means that technology and its services should be developed as 

thoroughly as possible.  
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Finally, a researcher has to be critical when studying technology usage and need. By 

only studying the effects that are expected to be positive (e.g. “do you like the new 

technology”), negative side effects may be neglected (e.g. organisational difficulties, 

difficulties in moving the equipment, absence of privacy, awkward lighting) (Taylor, 

2005), while these effects are inevitable when analysing eventual user needs and 

technology usage. 

A randomized controlled trial (RCT) – the solution to many of the issues mentioned 

above – would, however, result in many variations along clients, like age, care 

situation, autonomy, living situation, etcetera, making it generally too complex to 

investigate. The best method for capturing users’ needs seems to be observing the 

behaviour of users in their homes and study whether the technology is becoming part 

of daily life. 

Not all possible methods for capturing user requirements have been discussed here. 

Methods like lab testing, scenarios and personas were not used in the case studies, and 

therefore not included in this analysis.  

 

3.4  Elderly people’s needs in relation to telecare 

 

When combining the results of the workshops with multidisciplinary stakeholders, the 

workshops with elderly people, role-play, telecare system demonstrations, and in-

home experiences an overlapping field of elderly people’s needs emerges (see Table 

3.4).  

At first glance, the expressed needs seem to vary depending on the need assessment 

method used. This can partially be explained by the fact that the various methods 

indeed differ in their usefulness to obtain end-user needs (see also Table 3.3) and the 

fact that methods were used in different contexts. However, by taking a closer look at 

the needs an overlap in most important needs becomes apparent.  

Clearly, elderly people’s needs are not merely care-related. The seniors whom we are 

focusing on are elderly people in their third age, who may have minor physical 

restrictions, but are still (socially) active and want to participate in society.  Beside 

medical or care-related needs (possibly for the future), safety and security needs are 

expressed, mainly in the scope of social support and surveillance. As a result, social 

networks also appear to be important. On the other hand, despite the need for (social, 

mental, or physical) support, elderly people want to stay in control, by selecting their 

own support, facilitated by accessible information and proper communication. 

Technology is considered as a means to achieve this, although specific technology 

requirements have to be taken into account in order to benefit from the technological 

potential.  

Elderly people’s needs are thus less on the basic physiological level (Maslow, 1954), 

and more towards safety, belonging, or other higher order needs. However, with 

current smart home systems the highest level of deficiency needs (self-actualization) is 
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hardly ever addressed (Brink & Van Bronswijk, 2013). Having developers focusing on 

the basic level of needs, based on care support (see also section 2.5), seems not to be 

the best way to approach the elderly people of today, and those of the future. 

 

Table 3.4: Elderly people’s needs in relation to telecare, resulting from multiple needs 

assessment methods. 

 

Workshops with stakeholders 

Medical 

care 

 Safety 

and 

security 

 Comfort Informa-

tion 

Quality of 

life 

       

  Safety 

and 

security 

 Provision 

of 

services 

Commu-

nication 

Quality of 

living 

environ-

ment 
 

Workshops with elderly people 

Contact 

with care 

Medica-

tion 

 

Safety 

and pre-

vention 

Security 

Social 

contact / 

networks 

Mobility Informa-

tion / 

accessibi-

lity 

Technolo-

gy requi-

rements 

(Costs) 
 

System demonstration 

  

 

  Freedom 

to choose 

Modular 

functiona

-lities 

 Remote 

control 

No extra 

screen 

Accessi-

bility 

Demonstration facility 

Care 

process 

support 

Tele-

medicine 

Safety     

       

‘Person’ 

and 

‘situation’ 

specific 

     Living 

with 

spouse 

 

In-home experience  

Care and 

cure 

 Safety Social 

contact 

Tele-

services 
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The elderly people’s needs resulting from the various case studies explained in this 

chapter are an important starting point for the ‘need-approach’ as advised in most 

researches on technology for the elderly people nowadays (Sixsmith, Gibson, 

Orpwood, & Torrington, 2007; Serrano, Müller, Ekeland, & Larsen, 2008; Stichting 

Brainport, 2007; Rutten et al., 2005). The needs of elderly people, however, may 

change, due to the shift in coping strategies in later life (Baltes & Baltes, 1990; Slangen - 

de Kort, 1999). Coping occurs when the actual situation differs from the desired 

situation. In order to minimize the discrepancy between these situations, one can 

change the desired situation by adjusting one’s goals (‘accommodation’), or the 

current situation (‘assimilation’). Due to physical losses elderly people tend to 

accommodate their values of life, i.e. adjusting the ‘meaning’ certain activities have, by 

‘admitting’ that the desired life style sometimes is not possible any more (Baltes & 

Baltes, 1990). This coping strategy has often resulted in the movement towards an 

elderly care centre (although this also means a change in the ‘current situation’). 

However, if elderly people have a higher sense of control (self-efficacy (Slangen - de 

Kort, 1999)), they are tempted more to stick to their (important) goals and values, and 

to make a change in the current situation. This assimilating coping strategy is expected 

to influence their sense of independence, dignity and well-being and should therefore 

be supported. By increasing the acceptance and use of smart home and telecare 

technology the problem-focussed assimilation coping strategy of the elderly can be 

supported, and as a result preserve the values of elderly people living at home 

independently. Elderly people can thus contribute to their own successful aging; 

depending on the coping strategy they select (Baltes & Baltes, 1990). 

As mentioned above, when people in one way or another are hindered in performing 

valuable activities, and they do not (want to) adjust their goals and values, technology 

might support elderly people in performing these activities. Smart home and telecare 

technologies provide new possibilities for people to stay at home, even if their 

physical or cognitive condition worsens. If we want to increase the well-being of 

elderly people, we must facilitate the possibility to stay at home, and to support 

meaningful activities. Therefore, the technology with the desired functionalities must 

be accepted by its users. The elements that determine this smart home and telecare 

technology acceptance are considered in the next chapter. 
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Chapter 4: 

Acceptance Model for Smart Home and Telecare 

Technology 
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4 Acceptance Model for Smart Home and                              

Telecare Technology 
 

Now that we have learned (how to assess) the needs of elderly people who want to stay in 

their homes for as long as possible, smart home and telecare technology can be 

implemented in a more efficient way, by taking into account these needs. The effectiveness 

of smart home technology in home care situations highly depends on the acceptance and 

use of the technology. This chapter considers several (technology) acceptance models. The 

limitations of the technology acceptance model (TAM) are discussed in particular, 

resulting in the proposal of a new Telecare Acceptance and Use Model1. 

 

4.1  Acceptance 

The effectiveness of smart home technology in home care situations highly depends on 

the acceptance and use of the technology by both users and end-users. When looking 

at the current technology, however, we identified many obstacles (see Chapter 2). The 

analysis of recent smart home projects resulted in features for more successful smart 

home technology implementation. The features involved user-friendly user interfaces; 

intuitive use; clear instructions; renewed care processes and protocols; cooperation of 

partners and creation of a business plan; reliability of technology; data protection for 

privacy reasons, and compatibility between needs and functionalities. It is clear by 

now that the implementation of telecare must be considered not only from a 

technology-perspective, but also from a user and care perspective. 

Technology acceptance models may predict eventual adoption of innovations. There 

are multiple theoretical models that try to explain information technology acceptance 

and usage (see Table 4.1). These models have many similarities as well as differences, 

regarding constructs, determinants, end-users, and technologies (see Table 4.2). Many 

competing models on information technology acceptance have been compared, 

criticized, combined and revised by other researchers (see for example Venkatesh, 

Morris, Davis, & Davis, 2003; Riemenschneider & Hardgrave, 2002) to better predict 

technology usage in various contexts. The Unified Theory of Acceptance and Use of 

Technology (UTAUT; Venkatesh et al., 2003), for example, was formulated after 

reviewing, discussing and empirically comparing eight prominent models (see 

Textbox 4.1).  

                                                             

1 This chapter is partially based on a paper presented at the ISG’08 Conference: Sponselee, A.A.G., 

Schouten, B.A.M., Bouwhuis, D.G. Effective use of smart home technology to increase well-being. 

Conference Proceedings ISG08. Pisa, Italy. June 4-6, 2008. 

http://www.gerontechnology.info/Journal/Proceedings/ISG08/papers/129.pdf 



110   C h a p t e r  4  

 

  

 T
ab

le 4.1: L
ist o

f M
o

d
els an

d
 T

h
eo

ries o
n

 T
ech

n
o

lo
g

y
 A

ccep
tan

ce. 
  

  M
o

d
el   

A
b

b
rev

ia
tio

n
   

A
u

th
o

rs   
P

red
ictin

g
   

A
p

p
lica

tio
n

 field
   

T
ech

n
o

lo
g

y
 A

ccep
tan

ce M
o

d
el   

T
A

M
   

D
av

is et a
l.  (1989) &

    

D
av

is (1989)   

In
ten

tio
n

   
W

o
rk

p
lace co

m
p

u
ters   

E
x

ten
d

ed
 T

ech
n

o
lo

g
y

 A
ccep

tan
ce M

o
d

el   
T

A
M

 2   
V

en
k

atesh
 an

d
 D

av
is (2000)   

In
ten

tio
n

   
W

o
rk

p
lace co

m
p

u
ters   

T
h

eo
ry

 o
f R

easo
n

ed
 A

ctio
n

   
T

R
A

   
F

ish
b

ein
 an

d
 A

zjen
 (1975)   

B
eh

av
io

ral in
ten

tio
n

   
(A

n
y

) b
eh

av
io

r   

T
h

eo
ry

 o
f  P

la
n

n
ed

 B
eh

av
io

r   
T

P
B

   
A

jzen
 (1985; 1991) &

  
  

A
jzen

 an
d

 F
ish

b
ein

 (1980)    

B
eh

av
io

ral in
ten

tio
n

   
(A

n
y

) b
eh

av
io

r   

D
iffu

sio
n

 o
f In

n
o

v
atio

n
s T

h
eo

ry
 /  

P
erceiv

ed
 C

h
a

racteristics o
f In

n
o

v
atin

g
   

ID
T

 / P
C

I   
R

o
g

ers (1983; 1995) &
  

  

M
o

o
re an

d
 B

en
b

asa
t (1991)   

In
n

o
v

atio
n

 d
iff usio

n
   

(In
fo

rm
atio

n
 T

ech
n

o
lo

g
y

)  

In
n

o
v

atio
n

   

M
o

d
el o

f P
erso

n
al C

o
m

p
u

ter U
tiliz

atio
n

   
M

P
C

U
   

T
h

o
m

p
so

n
 et al. (1991)   

U
sa

g
e   

P
erso

n
al C

o
m

p
u

ter   

M
o

tiv
atio

n
al M

o
d

el   
M

M
   

V
alleran

d
 (1997) &

    

D
av

is et al. (1992)  &
    

V
en

k
atesh

 an
d

 S
p

eier   (1999)   

A
d

o
p

tio
n

 an
d

 U
se   

B
eh

av
io

r /  In
fo

rm
atio

n
 sy

stem
s  

/ n
ew

 tech
n

o
lo

g
y

   

S
o

cia
l C

o
g

n
itiv

e T
h

eo
ry

   
S

C
T

   
B

a
n

d
u

ra (198
6) &

    

C
o

m
p

eau
 an

d
 H

ig
g

in
s (1995)   

U
sa

g
e   

  

U
n

ified
 T

h
eo

ry
 o

f A
ccep

tan
ce an

d
 U

se o
f  

T
ech

n
o

lo
g

y
   

U
T

A
U

T
   

V
en

k
atesh

 et al. (2003)   
In

ten
tio

n
 &

 U
sa

g
e   

In
fo

rm
atio

n
 tech

n
o

lo
g

y
   

T
elecare A

ccep
tan

ce an
d

 U
se  M

o
d

el   
T

A
 U

 M
   

S
p

o
n

selee et al. (2008)  /    

T
 h

is th
esis  (C

h
.  4)   

U
sa

g
e   

T
 elecare   

  
  

  
  

  

  



A c c e p t a n c e  M o d e l  f o r  T e l e c a r e  T e c h n o l o g y                111 

 

 

T
ab

le
 4

.2
: C

o
n

st
ru

ct
s 

o
f 

T
ec

h
n

o
lo

g
y

 A
cc

ep
ta

n
ce

 M
o

d
el

s.
 

  
T

h
eo

re
ti

ca
l 

M
o

d
el

s 
 

C
o

n
st

ru
ct

 
T

A
M

 
T

A
M

2 
T

R
A

 
T

P
B

 
ID

T
 /

 P
C

I 
M

P
C

U
 

M
M

 
S

C
T

 
U

T
A

U
T

 
T

A
U

M
 (

C
h

.4
) 

U
se

fu
ln

es
s 

P
er

ce
iv

ed
 

u
se

fu
ln

es
s 

P
er

ce
iv

ed
 

u
se

fu
ln

es
s 

 
 

R
el

at
iv

e 

ad
v

an
ta

g
e 

Jo
b

 f
it

 
E

x
tr

in
si

c 

m
o

ti
v

at
io

n
 

O
u

tc
o

m
e 

ex
p

ec
ta

ti
o

n
s 

P
er

fo
rm

an
ce

 

ex
p

ec
ta

n
cy

 

B
en

ef
it

s 

(B
en

ef
ic

ia
l 

o
u

tc
o

m
e 

ef
fe

ct
s)

 

A
tt

it
u

de
 /

 a
ff

ec
t 

 
 

A
tt

it
u

d
e 

to
w

ar
d

 

b
eh

av
io

r 

A
tt

it
u

d
e 

to
w

ar
d

 

b
eh

av
io

r 

 
A

ff
ec

t 
to

w
ar

d
s 

u
se

 

In
tr

in
si

c 

m
o

ti
v

at
io

n
 

A
ff

ec
t 

 
B

en
ef

it
s 

(E
v

al
u

at
io

n
 o

f 

u
sa

g
e)

 

E
as

e 
of

 u
se

 
P

er
ce

iv
ed

 

ea
se

 o
f 

u
se

 

P
er

ce
iv

ed
 

ea
se

 o
f 

u
se

 

 
 

E
as

e 
o

f 
u

se
 

C
o

m
p

le
x

it
y

 
 

 
E

ff
o

rt
 

ex
p

ec
ta

n
cy

 

A
cc

es
si

b
il

it
y

 

S
oc

ia
l 

fa
ct

or
s 

 
S

u
b

je
ct

iv
e 

n
o

rm
 

S
u

b
je

ct
iv

e 

n
o

rm
 

S
u

b
je

ct
iv

e 

n
o

rm
 

Im
ag

e 
S

o
ci

al
 f

ac
to

rs
 

 
 

S
o

ci
al

 i
n

fl
u

en
ce

 
n

.a
. 

V
ol

u
n

ta
ri

n
es

s 
 

V
o

lu
n

ta
ri

n
es

s 
 

 
V

o
lu

n
ta

ri
n

es
s 

o
f 

u
se

 

 
 

 
V

o
lu

n
ta

ri
n

es
s 

o
f 

u
se

 

(m
o

d
er

at
o

r)
 

n
.a

. 

C
om

pa
ti

bi
li

ty
 

 
 

 
 

C
o

m
p

at
ib

il
it

y
 

 
 

 
 

N
ee

d
s 

R
es

u
lt

 

de
m

on
st

ra
bi

li
ty

 

 
 

 
 

R
es

u
lt

 d
em

o
n

-

st
ra

b
il

it
y

 

 
 

 
 

~ 
B

en
ef

it
s 

(B
en

ef
ic

ia
l 

o
u

tc
o

m
e 

ef
fe

ct
s)

 

V
is

ib
il

it
y 

 
 

 
 

V
is

ib
il

it
y

 
 

 
 

 
n

.a
. 

P
er

ce
iv

ed
 

B
eh

av
io

ra
l 

C
on

tr
ol

 
- 

In
te

rn
al

 

 
 

 
P

B
C

 -
 

In
te

rn
al

 

 
 

 
S

el
f-

ef
fi

ca
cy

 

/ 
A

n
x

ie
ty

 

 
P

er
so

n
al

 

V
ar

ia
b

le
s 

(s
el

f-

ef
fi

ca
cy

 /
 

ex
p

er
ie

n
ce

) 

P
er

ce
iv

ed
 

B
eh

av
io

ra
l 

C
on

tr
ol

 
- 

E
xt

er
n

al
 

 
 

 
P

B
C

 -
 

E
x

te
rn

al
 

 
F

ac
il

it
at

in
g

 

co
n

d
it

io
n

s 

 
 

F
ac

il
it

at
in

g
 

C
o

n
d

it
io

n
s 

F
ac

il
it

at
in

g
 

C
o

n
d

it
io

n
s 

L
on

g-
te

rm
 

co
n

se
qu

en
ce

s 

 
 

 
 

 
L

o
n

g
-t

er
m

 

co
n

se
q

u
en

ce
s 

 
 

 
B

en
ef

it
s 

(B
en

ef
ic

ia
l 

o
u

tc
o

m
e 

ef
fe

ct
s)

 

 
 

 
 

 
 

 
 

 
 

 

 



112   C h a p t e r  4  

 

 

Textbox 4.1: Unified Theory of Acceptance and Use of Technology  

The Unified Theory of Acceptance and Use of Technology (UTAUT; Venkatesh, Morris, 

Davis, & Davis, 2003) aims to explain user intentions to use an Information System by 

four key constructs:  performance expectancy, effort expectancy, social influence, and 

facilitating conditions. These four constructs are direct determinants of behavioral 

intention and behavioural use. Gender, age, experience, and voluntariness of use are 

posited to mediate the impact of the four key constructs on usage intention and 

behavior (see Figure 4.1). The theory was developed through a review and 

consolidation of the constructs of eight models that earlier research had employed to 

explain Information System usage behaviour (theory of reasoned action, technology 

acceptance model, motivational model, theory of planned behavior, a combined theory 

of planned behavior/technology acceptance model, model of PC utilization, innovation 

diffusion theory, and social cognitive theory. Subsequent validation of UTAUT in a 

longitudinal study found it to account for 70% of the variance in usage intention. 

 

 

Figure 4.1: Unified Theory of Acceptance and Use of Technology (UTAUT). 

 

Most models on acceptance, including UTAUT, show the impact of the individual’s 

perception on the costs (effort) and benefits (performance) of the (intentional) behavior 

of using the technology. It is not just about objective functionalities of the technology 

itself, but more about the subjective values according to the user regarding the 

technology usage. This subjective side makes it particularly hard to give ‘golden’ 

design rules. The moderating variables in UTAUT – gender, age, experience, and 

voluntariness of use – try to overcome these individual differences, although these do 

not cover the whole range of personal variables and individual differences. 
 

Venkatesh, V., Morris, M.G., Davis, F.D., and Davis, G.B. “User Acceptance of 

Information Technology: Toward a Unified View,” MIS Quarterly, 27, 2003, 425-478. 
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Although most models have generally been validated, none of them is particularly 

applicable for elderly end-users of telecare technology. Prior experience with elderly 

participants in technology acceptance research and studies on telecare and smart home 

technology have resulted in features for success and failure in the deployment of new 

(ICT) technology in home care, and are used here to revise the technology acceptance 

model (TAM; Davis, Bagozzi, & Warshaw, 1989) into a model that explains the use of 

smart home and telecare technology by older adults. In the revised model we make 

the variable ‘usefulness’ more specific, by describing the benefits of the technology 

that are expected to positively affect technology usage. Additionally, we state that 

several moderator variables – that are expected to influence this effect – should be 

added to the model in order to explain why people eventually do (not) use smart 

home technology, despite the benefits and the intention to use. We categorize these 

variables, which represent the problems found in previous studies, in ‘accessibility’, 

‘facilitating conditions’ and ‘personal variables’. 

4.1.1 Technology Acceptance Model 

The Technology Acceptance Model (TAM, Fig. 4.2) introduced by Davis (1989; Davis 

et al., 1989) is an adaptation of the Theory of Reasoned Action (TRA (Fishbein & 

Ajzen, 1975; Ajzen & Fishbein, 1980)) to the field of Information Systems. According to 

TRA, a person’s performance of a specified behaviour (e.g. system usage) is 

determined by his or her behavioural intention (BI) to perform the behaviour, and BI is 

jointly determined by the person’s attitude (A) and subjective norm concerning the 

behaviour in question (Davis et al., 1989). TAM posits that perceived usefulness (U) 

and perceived ease of use (E) determine an individual's intention to use a system, with 

‘intention to use’ serving as a mediator of ‘actual system use’. U is also seen as being 

directly impacted by E. Perceived usefulness is defined as “the degree” to which a 

person believes that using a particular system would enhance his or her job 

performance”, i.e. “capable of being advantageously”, while perceived ease of use can 

be described as “the degree to which a person believes that using a particular system 

would be free of effort” (Davis, 1989, p.320).  

 

 

Figure 4.2:  Technology Acceptance Model (TAM) (Davis, 1989; Davis et al., 1989). 
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Researchers have simplified the original TAM by removing the attitude construct 

found in TRA from the current specification (Davis et al., 1989; Taylor & Todd, 1995). 

The removal of this legacy of TRA resulted in a direct relationship between beliefs 

(such as usefulness and ease of use) on behavioural intention. Research (Taylor & 

Todd, 1995) has indeed confirmed that the relation between attitude and behaviour is 

doubtful, as attitudinal constructs are non-significant when other key predictors like 

usefulness and ease of use are part of the model (e.g. Thompson, Higgins, & Howell, 

1991; Venkatesh et al., 2003).  

Davis (1989) developed a questionnaire to measure the variables perceived usefulness 

(U) and perceived ease of use (E) of the Technology Acceptance Model. The items of 

TAM’s U and E are selected under the assumption that these items correspond to the 

evaluation and validation that people make unconsciously, resulting in the intention 

to perform a certain behaviour. The items were chosen after reviewing 37 research 

papers on user reactions to interactive systems and were additionally pre-tested in 

interviews. Perceived usefulness and perceived ease of use are both measured by 

means of 7-point scales defined by six items, having likely-unlikely endpoints, ranging 

from extremely, quite, slightly, to neither. The U items involve statements on the 

improvement of a person’s performance, the increase of a person’s productivity, 

enhancement of effectiveness, and usefulness. The E items involve statements on ease 

of learning to operate the system, ease to get the system do what the person wants it to 

do, ease of becoming skilful, and ease of use. BI is measured by self-prediction of 

future use, by means of behavioural expectation statements and 7-point scales. System 

usage is measured using a 7-point frequency scale and a descriptive checkbox format. 

TRA and TAM assume that when someone forms an intention to act, he will be free to 

act without limitation. In actual practice constraints such as limited ability, time, 

environmental or organizational limits, and unconscious habits will limit the freedom 

to act. Attempts to extend TAM have generally taken one of three approaches: by 

introducing factors from related models, by introducing additional or alternative belief 

factors, and by examining antecedents and moderators of perceived usefulness and 

perceived ease of use (Taylor & Todd, 1995; Wixom & Todd, 2005). Our aim is to 

introduce a model that explains why a smart home or telecare system is accepted or 

not by its (end)users, in order to advise corrective steps to smart home and telecare 

stakeholders, such as care and welfare organisations, designers and developers, and 

project managers. 

4.1.2 Comments on TAM 

Involving the End-Users 

The original Technology Acceptance Model was developed for management purposes, 

to predict computer acceptance in workplace settings. The research population of desk 

workers, as well as students often used as research subjects in TAM research, is a 

rather ill-defined group of users. The model thus has been generalized in such a way 

that it should also be applicable to specific technology acceptance situations, like smart 
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home technology in home care. However, the model becomes less accurate by leaving 

out the end-user and the specific user-characteristics. In our case of an older 

population, we expect the users to be less computer literate than the average computer 

user (Broos & Roe, 2006). When the TAM was tested in computer laboratories (Davis 

et al., 1989) and in workplace settings (Taylor & Todd, 1995), the ease of use became 

nonsignificant in explaining intentional use over periods of extended and sustained 

usage. However, for older users it is relevant to know how to handle the system after 

some period of non-use (Fisk, Rogers, Charness, Czaja, & Sharit, 2004). When 

implementing smart home technology in home care situations, it seems necessary to 

revise the model, not only because older adults may have a different view on 

technology usage, but also because the context of information technology in a home 

(care) situation differs considerably from a work environment. The 12 items for 

perceived usefulness and perceived ease of use of the TAM questionnaire (Davis, 

1989), for example, were said to correspond to people’s unconscious evaluation and 

validation, resulting in the intention to use a system. But not all 12 items (e.g. 

‘accomplish tasks more quickly’; ‘improve my performance’; ‘increase my 

productivity’) are expected to represent the line of thought of older adults intending to 

use the technology at home. 

Usefulness Defined as Effectiveness 

The TAM is helpful in predicting people’s computer acceptance in organizational 

settings and has been developed with the underlying idea that through computer 

acceptance the performance of people will increase. The intention to use a system is 

therefore based on the extent to which people believe that the system will help them 

perform their job better (U), which can be outweighed by the effort of using the 

application, i.e. the belief that the system is too hard to use (E) (Davis, 1989). When 

using the model in a home care setting, usefulness must be translated into a non-job-

related measure. The goal of technology implementation in home care situations is to 

increase the well-being of elderly people, to increase their autonomy and 

independence, increase their sense of security, and to relieve the (informal) care. If the 

technology supports these goals, then people perceive the technology as useful (Eyck, 

2004). Especially for older adults, it is important that they experience the effectiveness 

of a technology interaction quite early in the learning process (Arning & Ziefle, 2007). 

Researchers in the area of ambient intelligence believe that the best way to increase 

usefulness is by making the technology in an intelligent home environment sensitive, 

personalized, adaptive, anticipatory and responsive to people (e.g. Raisinghani et al., 

2004). Usefulness in this study relates to “effectiveness”: supporting independent 

living of older adults, including the subjective appreciation of the technology by the 

end-users. 

Intention to Use not as Valuable as Actual Usage 

The TAM, as well as other models based on the theory of reasoned action (see for 

example Taylor & Todd, 1995), states that technology usage is determined by the 
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intention to use the technology. Although intention is often used as the key predictor 

for actual use, in practice the actual use can be obstructed by various constraints (like 

time or money (Porter & Donthu, 2006)) and positively influenced by other variables 

(like facilitating conditions (Taylor & Todd, 1995)). Research should therefore go 

beyond intentional behaviour. However, only a few models on technology acceptance 

have sought to predict usage behaviour rather than intention (e.g. the Social Cognitive 

Theory (Compeau & Higgins, 1995), and the Model of PC Utilization (Venkatesh et al., 

2003)). The relevance of measuring actual usage rather than intentional usage can be 

illustrated by an example from the VieDome-TV project, where 75 elderly users had 

the intention to use new telecare technology that was installed in their homes. After a 

few months, however, 16% of the users asked the care organization to disconnect them 

and to remove the technology. Apparently there were (not yet verified) variables that 

inhibited the execution of their intentional behaviour. Yet, these context variables are 

not fully taken into consideration by the subjects when asked to self-predict their 

future behaviour. Consequently, we advise against using statements like “…I predict 

that I will use it on a regular basis in the future” (Davis, 1989) as indicators for actual 

use.  

The difference between intentional use and actual use can be explained by affective, 

cognitive, and conative components of attitude; i.e. the distinction between “attitude-

acceptance” and “behavioural-acceptance” (Arning & Ziefle, 2007). Attitude-

acceptance includes an affective as well as a cognitive component, which converge 

into a cost-benefit analysis of system usage. Behavioural-acceptance, on the other 

hand, refers to the observable part of technology acceptance: the actual usage. 

According to this concept, intentional use only partly describes technology acceptance, 

as acceptance contains an attitude towards technology usage, as well as the behaviour 

itself. 

The goal of our research is to increase telecare technology acceptance by elderly users, 

on an affective, cognitive, and conative level. The optimum acceptance is actual usage, 

and not intention to use. Although intention to use a technology is considered as the 

main determinant for actual usage (according to TAM and TRA), we are interested in 

the “behavioural (conative)-acceptance” and the elements that determine this actual 

usage. In other words, as TAM is a predictor for usage intentions and for decision-

making between multiple systems to introduce, the model that measures “just after a 

brief period of interaction” must be revised into a model on “long-term interaction” 

and actual acceptance. 

Subjective measurement 

As TAM only makes use of a questionnaire, the actual interaction with the technology 

(i.e. technology acceptance and usage) is not subject of research. Szajna (1996) already 

found a low correlation between self-report usage and actual usage; making TAM and 

its corresponding usage self-report a doubtful instrument to predict technology 

acceptance or usage. Not only is a questionnaire sensitive to social desirability effects, 

especially in the presence of an interviewer (DeMaio, 1984), actually interacting with 
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the technology may result in different self-report outcomes (e.g. Eyck, 2004), and also 

provides additional information on the behavioural aspect of acceptance. Actual usage 

and actual usability thus should not be tested exclusively by means of a questionnaire 

but, for example, also by means of observations. Moreover, ‘usage’ might not be the 

only way to measure technology acceptance (Szajna, 1996). We therefore propose a 

triangulation methodology, including subjective measurements (such as 

questionnaires), field testing, and lab-testing aimed at converging evidence 

(Bouwhuis, Meesters, & Berentsen, 2008). 

Temporal discount 

According to Chau (1996), ‘behavioural intention to usage’ depends on perceived 

near-term usefulness, perceived long-term usefulness, and perceived ease of use. More 

specifically, Melenhorst (2002) found that long-term consequences have less impact on 

elderly’s behavioural usage than near-term consequences. Perceived usefulness in our 

case should therefore mostly relate to near-term effects. Effects of smart home 

technology however, are mainly communicated as effects in the long term, such as: 

living independently for a longer period of time, cognitive health, and safety. It might 

be helpful to inquire and classify near-term effects and effects in the long term of 

smart home technology for older adults. 

Effects that are beneficial in the long term to both care receivers and (informal) 

caregivers may be expected to influence technology acceptance less than the near-term 

effects. The near-term effects are easier to communicate to the end-users, as the 

benefits can be experienced in short term. We expect that people who are interested in 

direct (near-term) benefits, like an increased sense of safety and security due to a 

personal alarm, are more inclined to use the new technology, than those who are not 

yet in need for support. The “need” is expected to be the driver for technology 

acceptance, i.e. if there is no need to be met, than the technology will not be used. 

 

4.2  Introduction of a new Telecare Acceptance and Use Model 

 

Based on the analysis described above, TAM is expected not to cover all relevant 

aspects necessary to predict actual smart home technology acceptance and use. 

Actually, user reactions in other studies on smart home technology in home care 

situations show that elements like costs, information supply, and experience influence 

the acceptance or rejection of the new technology (see for example Eyck, 2004; Bosch, 

Van Daal, & Dorrestein, 2002; Nouws, 2007). Such elements, however, are not covered 

by the 12 items of the TAM (Davis, 1989; Davis et al., 1989). Apparently, the TAM does 

not seem to take into account the context in which the technology is or will be used, 

while we hypothesize that context variables may determine (successful) usage, 

especially in case of smart home and telecare technology in home care situations. In 

the next section, we therefore describe a model, based on the concept of TAM, that 
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better explains why smart home or telecare technology is accepted or not in home care 

situations. 

4.2.1 Needs and Dependence 

First of all, a ‘need-approach’ is proposed (Eisma, et al., 2004; Oppenauer, Preschl, 

Kalteis, & Kryspin-Exner, 2007). Personal needs are expected to determine the added 

value of the technology, its usefulness or, as defined above, its effectiveness. People 

who need support in independent living – for example, increased sense of safety and 

security by means of a personal alarm – are more inclined to use the new technology, 

than those who are not yet in need of support. As for any design, the initial 

consideration for smart home technology design should involve the perceived needs 

of end-users, caregivers and other stakeholders (Dewsbury et al., 2003; Sponselee, 

Schouten, Bouwhuis, & Willems, 2008). Rutten and Trum (2000) describe it as 

designing from a ‘value domain’ base, in order to get to a useful artefact (Fig. 4.3). For 

long, smart home and telecare technology was developed from a ‘design domain’  

base; artefacts with certain properties being developed, or functions being translated 

into artefacts. By designing the technology based on the values of people – who want 

to stay in their homes independently as long as possible – and the needs to satisfy 

these values (Dewsbury et al., 2003), the usefulness of the technology is expected to 

increase, with increased technology usage as a result (taking the next variables (section 

4.2.3) into account). The ‘need’ is expected to be the driver for technology acceptance, 

i.e. if there is no need to be met, then the technology will not be used. In a study by 

Eyck (2004) 90% of a group of 40 older subjects did not wear the panic button of the 

personal alarm. The reason not to wear this button was in 31 cases because they felt it 

was not necessary for them. The personal need clearly determines the technology  

usage is this example. 

The personal needs can be described as the ‘dependence’ of the end-user, the care 

receiver. The level of dependence, within the scope of people’s need for care, may vary 

from non-essential (comfort) to vitally important (necessary for survival). At the same 

 

 

 

Figure 4.3: The generic design structure (Rutten & Trum, 2000). 
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time, the personal needs and dependence may change over time, instantaneously or 

gradually (Dewsbury, 2001). When looking at the needs of people, it is important to 

take into account the level of dependency and whether it is a matter of acute or 

chronic dependency. The ‘personal needs’ therefore involve a description of people’s 

situation. The fact that the technology should be compatible with one’s personal 

situation, values and needs was already introduced in the Diffusion of Innovations 

Theory by Rogers (1983) and the Perceived Characteristics of Innovating by Moore 

and Benbasat (1991). The compatibility of telecare can be measured subjectively by 

asking participants whether using the telecare system is completely compatible with 

their current situation (as used in the PCI instrument, see Moore & Benbasat, 1991). 

However, it is doubtful whether people are able to understand this kind of questions 

sufficiently well to get reliable and valid answers. Currently, there is an urgent call 

from society (care organisations, voluntary care workers, project managers in e-health, 

among others) to match personal situations and needs with telecare functionalities, as 

a scientific instrument seems to be lacking. It is therefore best to start measuring 

compatibility more objectively by asking for personal needs and dependence 

(situation) separately from perceived benefits. A next step, and challenge for the 

future, is therefore the translation or relationship between the needs and the 

technology (functionalities) (Dewsbury, 2001). 

4.2.2 Benefits 

As discussed earlier, perceived usefulness is defined as ‘effectiveness’ and is 

dependent on the personal needs. Whereas the ‘needs and dependence’ are regarded 

as the driver for technology usage, the ‘effectiveness’ of the usage is considered as the 

pull factor. Not only TAM states ‘the effects resulting from technology usage’ (i.e. 

perceived usefulness) as the strongest predictor for behavioural intention to use (Davis 

et al, 1989; Davis, 1989), but also many other acceptance models found ‘usefulness’ 

(Riemenschneider & Hardgrave, 2002), ‘job-fit’ (Venkatesh et al., 2003), ‘relative 

advantage’ (Moore & Benbasat, 1991), ‘outcome expectations’ (Compeau & Higgins, 

1995), ‘extrinsic motivation’ (Davis, Bagozzi & Warschaw, 1992), and ‘performance 

expectancy’ (Taylor & Todd, 1995) respectively as the key predictor for (intentional) 

use. The variables mentioned here are concerned with effectiveness as a consequence 

of use. However, the intrinsic motivation, i.e. enjoyment related to the process of 

performing the behaviour, may also be important in understanding technology 

acceptance and use (Davis et al., 1992; Venkatesh, 2000). We therefore prefer to use the 

term ‘benefits’ to define the beneficial outcome effects of technology usage, as well as 

subjectively perceived benefits of the behaviour per se. 

While perceived usefulness is measured by means of a questionnaire (Davis et al., 

1989; Davis, 1989), benefits can be measured more specifically. The beneficial outcome 

effects of smart home technology we expect to influence technology usage are, for 

instance: living independently for a longer period of time; sense of safety; and 

unburden informal care (Eyck, 2004; Bosch et al., 2002; Dewsbury, 2001; Van der 

Leeuw, 2005). These effects can be studied by means of more objective measurements 
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than ‘perceived usefulness’. As every benefit comes with downsides, the variable 

‘benefits’, however, not only consists of objectively measurable effects, but also of the 

subjective appreciation and evaluation of the technology and its usage. This is 

comparable with the cost-benefit-analysis, described by Melenhorst, Rogers, and 

Caylor (2001) in the adoption process of new communication technologies. It seems 

important to include these in the model of technology acceptance, as the subjectively 

perceived benefits may be different from or additionally to the originally assigned or 

expected benefits (Sponselee, Schouten, Bouwhuis, & Willems, 2008). 

A relevant aspect of the ‘benefits’ of technology is that they are subjective to change. 

Over time – especially after usage – the perceived benefits may change, and thus may 

result in a different outcome: i.e. non-use. This implies an iterative process instead of a 

static model (Fig. 4.4). The cycle corresponds with the stages of action as mention by 

Norman (1988). The influence of benefits on use corresponds with the ‘gulf of 

execution’ (A): bridging the gap between a person’s goal and his intention (‘Benefits’) 

and the execution of the action (‘Use’) by specifying the action sequence. The effect of 

use on benefits, on the other hand, corresponds with the ‘gulf of evaluation’ (B): 

evaluating the outcome of the action and its effect on the environment.  

 

 

Figure 4.4:  The iterative process of ‘Benefits’ and ‘Use’ evaluation. 

 

In our model, the perceived usefulness as used in TAM is extended with the constructs 

of extrinsic motivation, outcome expectations and performance expectancy, as well as 

long-term consequences. We refer to this new construct of perceived usefulness as the 

‘beneficial outcome effects’. The determinants of benefits are thus related to the 

increased effectiveness of the technology; in case of smart home and telecare 

technology: increased feeling of safety, increased autonomy and independence, 

increased well-being, and unburden of (informal) care. Beside these benefits, we want 

to take into account the benefits of performing the behaviour. This subjective part of 

the benefits includes the subjective appreciation of the technology and its usage by the 

end-users after usage. The ‘evaluation of usage’ is related to the constructs mentioned 

in other models, like attitude and affect towards the use or behaviour, or intrinsic 

motivation. The intrinsic motivation, like perceived enjoyment (Venkatesh, 2000) is 

missing in TAM. Result demonstrability, as mentioned in IDT / PCI refers to 

perceiving and understanding the advantages of using the technology, and therefore 

can be considered as a related construct of the beneficial outcome effect. As it involves 

an iterative process, the benefits and actual technology usage are subject to change. 
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4.2.3 Moderator Variables Influencing Actual Usage 

The basic process through which technology usage develops – as proposed – is given 

in Figure 4.4. However, this process is expected to be influenced by multiple 

moderator variables. The most significant moderator variables in the situation of smart 

home or telecare technology in home care are actually related to the main stakeholders 

involved in the implementation process of technology in home care: the designer, the 

care receiver, and the care provider (Sponselee, Schouten, Bouwhuis, & Willems, 

2008). Designers of technology for elderly users are responsible for the ‘accessibility’ of 

the technology, while the care provider, or care organization, is responsible for the 

‘facilitating conditions’ concerning the implementation of telecare functionalities (and 

coherent services). The third moderator variable involves ‘personal elements’ of the 

end-user.  

The effects of the moderator variables on the iterative process of technology 

acceptance (see Fig. 4.4), as well as the role of the various stakeholders in these 

variables, is illustrated in Figure 4.5. This Telecare Acceptance and Use Model 

(TAUM) is based on the constructs described before. The expected effects and 

definitions of the moderator variables are described in more detail below.  

 

 

 

Figure 4.5:  The Telecare Acceptance and Use Model (TAUM) to be tested. 
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effect of ease of use is found on (long term) technology acceptance, the variable is left 

out the iterative acceptance process (Fig. 4.4). Despite the omission of ease of use, it is 

expected to indirectly influence smart home technology acceptance through ‘benefits’ 

(in correspondence with Davis et al., 1989; Davis, 1989; Moore & Benbasat, 1991; and 

Szajna, 1996). This rather ‘technology-related’ variable is called ‘accessibility’, but 

should not be confused with the term used by Davis (1989), more comparable with 

‘facilitating conditions’ (a variable that we will describe later). The ‘accessibility’ 

variable in our model is based on the idea that people can be blocked from accessing 

new technology due to physical, conceptual, economic, cultural, or social barriers 

(Benyon, Turner, & Turner, 2005). The most important accessibility items here are 

investments, such as costs for the individual, and perceived ease of use.  

The reason that economical accessibility gets such a prominent place in the model is 

because almost every older adult, when introduced to smart home technology, is 

interested in the monetary costs for him or her to use it (Bosch et al., 2002; Nouws, 

2007). Unfortunately the financial issue is often unsolved when the technology is 

introduced, as there are many stakeholders involved to whom the financial benefits 

are not yet clear. However, when individual costs are not taken into consideration, 

little can be said about actual technology acceptance by the end-users. This was 

demonstrated in a study by Willems, Vlaskamp, Sponselee, and Crooijmans (2006) in 

which 68 older adults and 113 caregivers were asked what technological 

functionalities they wished to use. The percentages of intentional use (e.g. 80% wished 

for a fire alarm, about 75% wished for a personal alarm) dropped dramatically when 

people were asked what they were willing to pay for it: approximately 55% wished for 

a fire or personal alarm if they had to pay five euros a month. Less urgent safety 

related functionalities dropped even more (see Table 4.3).  

Table 4.3:  Percentages of acceptance as a function of ‘costs’ (Willems et al., 2006). 

 

Older adults (n = 68)  Price (euros) a month 

 - 1 5 10 

Functionality: Fire alarm 79 70 55 46 

 Personal alarm 67 67 58 42 

 Automatically TV off 55 42 19 15 

 Baseboard to cover cables 45 39 11 5 

      

Caregivers (n = 113)  Price (euros) a month 

 - 1 5 10 

Functionality: Fire alarm 84 74 52 45 

 Personal alarm 80 69 57 53 

 Automatically TV off 57 36 17 12 

 Baseboard to cover cables 38 28 9 7 
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As mentioned before, ‘perceived ease of use’ is considered to have an indirect effect 

instead of a direct effect on (intentional) use, as “…no amount of ease of use can 

compensate for a system that does not perform a useful function” (Davis, 1989, p. 333-

334). Non-monetary ‘accessibility’ items that are previously mentioned by end-users 

involve the complexity and user-unfriendliness (e.g. Eyck, 2004; Van der Leeuw, 2005), 

especially the difficulty of knowing how the technology works the next time (i.e. 

‘memorability’ (Nielsen, 1993)). The fact that these usability elements can change 

usage behaviour through a change in perceived benefits can be explained by a change 

in ‘conceptual accessibility’. There may be a large conceptual distance between an 82-

year old woman with only a television and telephone network connecting her to the 

outside world, and for instance the World Wide Web. When the ease of use reduces 

cognitive overload and the conceptual distance, and supports intentional use, the 

conceptual accessibility can increase (Fisk et al., 2004). The benefits may become 

obvious to the user, with (increased) use as a result. 

In our model, the perceived ease of use (TAM) is extended towards ‘accessibility’, 

which includes perceived ease of use, as well as objective usability (Venkatesh, 2000): 

actual level of effort required. As a moderator variable, ‘accessibility’ can be 

considered as technology specific. The accessibility determinants involve not only 

usability design elements (such as learnability, efficiency, memorability, errors, 

satisfaction (Nielsen, 1993)) or system characteristics, but also a description of 

investments (costs). This factor is more process oriented than ‘benefits’.  

Facilitating Conditions 

A second moderator variable that is expected to influence (smart home) technology 

acceptance relates to the organizational, caregivers’ part: ‘facilitating conditions’. 

Facilitating conditions, such as technology support and information, are the opposite 

of access barriers or situation constraints (Taylor & Todd, 1995). The facilitating 

conditions mentioned in studies on smart home and telecare acceptance involve 

technology support, for example support by the organization involved or family 

members, effective communication, and project coordination (Bosch et al., 2002; 

Nouws, 2007; Van der Leeuw, 2005; Kemner, 2009). Especially for older adults, the 

facilitating conditions of technology usage seem important in explaining (intentional) 

technology usage, and should therefore be part of the model.  

The organizational and technical infrastructure to support the use of the system has 

often been studied as direct or indirect determinant of (intentional) use. ‘Facilitating 

conditions’ (Taylor & Todd, 1995; Venkatesh et al., 2003), ‘external control’ (Venkatesh, 

2000), ‘compatibility’ (Moore & Benbasat, 1991), and ‘perceived external behavioural 

control’ (Ajzen, 1985; 1991; Thompson et al., 1991; Riemenschneider & Hardgrave, 

2002) respectively appear to influence only initial technology acceptance, and should 

therefore be taken into consideration in an early stage of implementation planning. 

Porter and Donthu (2006) found access barriers, like money and income, as important 

variables that determine internet usage by older adults. 
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It should be taken into account that facilitating conditions, like technical support, may 

influence other variables, like self-efficacy and accessibility (Venkatesh, 2000). When 

the organization of support and technology use is inaccessible to the end-users, they 

may become insecure and demotivated to use the technology. However, we expect the 

direct influence of facilitating conditions on actual usage to be stronger, than the 

indirect effects. The facilitating conditions in our model involve training, 

documentation, and user support, and can be analysed and described for each smart 

home project. 

Personal Variables 

In addition to the system-related and organizational issues that are expected to change 

the influence of benefits on technology usage, ‘personal variables’ are the third group 

of moderator variables. Research has shown a complex influence of personal variables 

on technology acceptance (Venkatesh et al., 2003; Taylor & Todd, 1995), and found that 

the effect of benefits on usage will be stronger for men, and particularly younger men 

(Taylor & Todd, 1995), who have more computer experience. Technology experience, 

inversely related to the ‘anxiety’ construct in the Social Cognitive Theory (Bandura, 

1986; Compeau & Higgins, 1995), is considered an important personal variable that 

may influence telecare acceptance. The theory of planned behaviour mentions the 

importance of perceived behavioural control, both internal and external. Self-efficacy 

is an item that measures this internal (‘personal’) perceived behavioural control. The 

personal variables that are expected to influence the causal relationship between 

benefits and technology usage are thus: gender, age, experience with technology, 

computer experience, and self-efficacy.  

Most personal variables will also have an effect on people’s needs, as the personal 

situation is expected to determine the dependency level of the person. Additionally, 

the personal variables also influence the accessibility of the technology. Self-efficacy, 

for example, was found to positively influence ease of use (Lewis, Agarwal, & 

Sambamurthy, 2003), and according to Taylor and Todd (1995), gender, age, and 

experience have an influence on intentional behaviour, through accessibility. 

However, to keep the model as simple and concrete as possible, we leave out the 

smaller side effects that the variables may have on each other, and study the direct 

effects of the personal variables on ‘Benefits’, ‘Use’ and the interaction between these 

variables. 

4.2.4 Social Influence 

The social context seems to be a key issue that can be helpful in convincing (end) users 

to use new technology (Salancik & Pfeffer, 1978), by involving opinions, information, 

and behaviours of the people whom end-users communicate with. Other models have 

considered ‘social influence’ as a determinant for (intentional) technology use 

(Venkatesh et al., 2003), described as ‘subjective norm’ (Davis et al., 1989; Fishbein & 

Ajzen, 1975; Taylor & Todd, 1995; Riemenschneider & Hardgrave, 2002), ‘social 

factors’ (Thompson et al., 1991), and ‘image’ (Moore & Benbasat, 1991) respectively. 
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However, the effect of social peers and other social influences on attitudes or needs are 

hard to categorize under solely one of the variables described in our model. The effect 

may involve increased perceived benefits (“My peers use it, so it will probably be 

useful to me too”), as well as increased accessibility and facilitating conditions (“My 

children want me to use it, so they will probably help me with it” or “If they can use it, 

I can use it too”). For now, we believe that the social influence can be considered as an 

element of the “gulf of evaluation” ((B) in Figure 4.4), in which social influence is one 

of indirect experience. 

In our model we therefore leave out social factors, subjective norm, and voluntariness, 

as telecare technology is used by elderly people in a voluntary setting, namely a home 

setting (see also Venkatesh & Davis, 2000). We do not expect a strong influence of the 

social environment on smart home and telecare acceptance yet, although this might 

change in the future. For the same reason, we leave out ‘visibility’ as this construct 

refers to the visibility of others using the technology in a similar situation. These social 

/ environmental factors could be taken into account in technology acceptance research 

that focuses on caregivers, and care or welfare organizations, or when elderly people 

use such technology in a non-voluntary setting or in a community setting with 

stronger social influences. 

 

4.3  The Telecare Acceptance and Use Model (TAUM):   

 Hypotheses to be tested 

 

The TAUM is proposed, as the TAM model (Fig. 4.2), and the corresponding 

questionnaire, cannot explain the low acceptance and usage rate of smart home and 

telecare technology by elderly users (Spiekermann, 2007; Sponselee, Schouten, & 

Bouwhuis, 2008; section 4.2). To understand the acceptance of new telecare systems, 

we should not only look at the technology itself, but also consider its users, their 

needs, the context of use, and how to introduce the technology (Forlizzi, DiSalvo, & 

Gemperle, 2004; Sixsmith, Hine, Nield, Brown, & Garner, 2007). As Spiekermann 

(2007) calls it; besides ‘minimal complexity’ and ‘relative advantage’ (Rogers, 2003), 

we must consider the ‘compatibility’ of the technology with norms, values, and needs 

of potential users. 

Smart home and telecare technology can contribute to an increased sense of well-being 

when it supports those activities that are meaningful for the users (Sixsmith, Gibson, 

Orpwood, & Torrington, 2007). Therefore, the technology must be experienced, 

meaning accepted, used, and evaluated. However, acceptance of smart home and 

telecare technology is expected to depend on multiple variables, as described in 

previous sections.  

The Telecare Acceptance and Use Model (TAUM) we propose is given in Figure 4.6. 

The corresponding hypotheses are explained below. The model and corresponding 

hypotheses are tested in Chapter 5. 
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Figure 4.6: The Telecare Acceptance and Use Model under study. 

 

As stated by Forlizzi and colleagues (2004) elderly people use those products that meet 

their perceived needs. If there is no need, i.e. no personal or contextual problems are 

experienced or expected, the technology will not be evaluated as beneficial, and thus 

not be used. The more people are in need for support, the more benefits are expected 

and (after use) are experienced. Benefits of smart home and telecare technology should 

therefore fit needs and values of people, i.e. should be ‘compatible’. 

 

H1: People’s need for support and level of dependence increase the (expected 

and experienced) benefits (of telecare) 

 

The more obvious the (expected) benefits are, the more plausible it is that people will 

use the system. If people expect themselves to need the technology, and they expect 

the technology to be beneficial (its ‘relative advantage’), they will use the technology. 

However, after use not all benefits occur or the experienced benefits may, in case of a 

negative experience, result in diminished or no use. 

 

H2: The more benefits are expected or (after use) experienced, the higher the 

usage rate (of telecare). 

H2a: The more positive the (experienced) benefits (of telecare) are, the higher 

the (recurrent) usage rate and buy rate are. 

 

Costs, perceived ease of use (‘minimal complexity’) and aesthetics determine the 

accessibility of the technology and influence the attitude of people towards the 

benefits. People will downgrade the benefits of technology if it is too expensive, too 

difficult, or too unattractive.  

 

H3: Accessibility positively influences the (expected and experienced) benefits 

(of telecare). 
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Personal variables, such as age, gender, self-efficacy and marital status, are expected to 

influence the positive effect of benefits on usage rate, in such a way that younger 

people, males, people with high self-efficacy, and singles are more tempted to buy or 

use the technology, as they perceive the benefits of it more positively, than people 

with a higher age, female, with low self-efficacy, living with a partner. 

 

H4: Personal variables, such as age, gender, self-efficacy and marital status, 

mediate the effect that benefits (of telecare) have on usage rate. 

 

If the quality of services, information, communication, and support regarding the new 

technology is low, the acceptance, use and buy will be low. 

 

H5: Facilitating conditions positively influence usage rate (of telecare). 

 

4.4  Operationalization of Independent and Dependent 

 Variables 

 

To test whether our new formulated model does indeed predict Telecare Acceptance 

and Use, by matching end-user needs to telecare functionalities, we operationalized 

the variables in our model into measurable items. The choices that are made regarding 

telecare related variable items and questionnaires are explained here. The complete 

questionnaire can be found in Appendix VII. 

4.4.1 Independent Variables: Needs & Dependence 

We want to test how personal needs determine the added value of the technology, its 

usefulness, or its effectiveness. People who need support in independent living are 

more inclined to use smart home or telecare technology (Sponselee, Schouten, & 

Bouwhuis, 2008). Personal ‘needs’ depend on the people’s situation; based on their 

personal ecological model. This study focuses on elderly people living independently 

at home and their needs in order to continue independent living1: their level of 

dependence, within the scope of people’s need for care; experienced difficulties in 

Activities of Daily Living (ADL); their level of current support by spouse or family; 

and lacking benefits of the system under study.  

 

The level of dependence of participants is measured by looking at their current health 

status, level of mobility, and restrictions in Activities of Daily Living (ADL). 

Participants’ health status is measured by means of the care indication (Dutch CIZ 

indication), two items of the SF-36 Health Survey (Ware & Sherbourne, 1992; Ware, 

                                                             

1 This research focuses on people who age ‘normally’. Difficulties and impairments beyond the normal 

aging process (e.g. dementia or COPD) will therefore not be taken into account. 
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Snow, Kosinski, & Gandek, 1993), using the Dutch translation (Aaronson et al., 1998), a 

question on mobility level (Eyck, 2004), and (health-related) daily constraints (Eyck, 

2004). 

 

Difficulties with Activities of Daily Living are frequently used as an indicator for 

dependency. The SF-36 Health Survey (Ware & Sharebourne, 1992) includes an item 

on restricted activities. A more often used questionnaire is the Katz-ADL (Katz, Ford, 

Moskowitz, Jackson, & Jaffe, 1963) which intends to measure the degree of 

independence of activities in everyday life. To reflect the need we combined the SF-36 

items with the Katz-instrument.  

 

People’s dependence level was thus measured by means of multiple questions: 

The care indication [1=no indication, 5=personal & nursing care] 

People’s current health [1=excellent, 5=poor] 

Their health compared to 1 year ago [1=much better, 5=much worse] 

Their mobility level [1=good, no mobility problems; 2=with difficulty, no aid; 

3=walking stick; 4=walker; 5=scootmobile; 6=wheelchair; 7=bedridden] 

Health-related daily constraints [yes / no] 

Their ADL restrictions [1=not limited at all; 3 =limited a lot] 

 

The level of support involves the support people receive from their spouse or family 

members, or by means of a personal alarm system. People who are already using a 

personal alarm system have not only admitted and accepted a certain level of 

dependency; they may receive and experience support. People who are married, or are 

living together, are expected to have fewer needs, as their needs can be partially 

solved by their spouse. Frequent contact with family members can also solve personal 

needs. Therefore, participants are asked for their marital status, the regularity of 

family contact, their satisfaction about it, their need for more contact, and the use of an 

alarm button.  

 

Beside the needs and level of dependence measured by the items mentioned above, 

participants were asked to mention other needs, not yet provided by the technology. 

By measuring other possible services, lacking benefits of the technology are collected 

that show what functionalities are currently missing. 

4.4.2 Dependent and Independent Variables: Benefits 

Derived from perceived usefulness (U) in the TAM, ‘benefits’ involve the positive 

effects that technology has on the user. For novice users, these positive effects involve 

‘expected benefits’ for them. After usage, for the ‘expert user’ the ‘experienced 

benefits’ count.  

The perceived benefits, however, depend on the relative importance for the end-user, 

i.e. their needs and dependence. Usefulness thus relates to “effectiveness”: supporting 

independent living of older adults, including the subjective appreciation of the 
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technology by the end-users (Sponselee, Schouten & Bouwhuis, 2008). In addition, 

benefits also involve the effects of performing the behaviour (related to the constructs 

mentioned in other models, like attitude and affect towards the use or behaviour, or 

intrinsic motivation). The intrinsic motivation, like perceived enjoyment (Venkatesh, 

2000) is missing in TAM. Result demonstrability, as mentioned in IDT / PCI refers to 

perceiving and understanding the advantages of using the technology, and therefore 

can be considered as a related construct of the beneficial outcome effect. Benefits in 

our model are thus the beneficial outcome effects of technology usage, as well as the 

subjectively perceived benefits of the behaviour by the end-user.   

 

The beneficial outcome effects of actually using the telecare system are increased 

(expected and experienced) well-being of elderly people, an increased feeling of safety, 

living independently for a longer period of time, and unburden informal care 

(subjectively: feeling more independent). For measuring well-being, we used that part 

of the SF-36 Health Survey (Ware & Sherbourne, 1992) that measures the subjective 

well-being of people, by asking the frequency of feeling full of pep; worn out; nervous; 

et cetera, in the last couple of weeks on a 5-point scale (1=all of the time; 5=none of the 

time). Increased feeling of safety, independence and independent living were also 

tested by means of a 5-point scale (1=not at all; 5=very much). 

To cover all possible benefits, people were additionally asked to describe the benefits 

that the technology brings them. 

People’s subjective appreciation and evaluation of the technology and its usage also 

reflect the benefits. Therefore we measured their positive or negative evaluation of the 

product, by asking what should (better) be changed (1=absolutely not; 5=absolutely), 

what is the relative importance of ‘functionalities’,  their grade on usefulness (1-10), 

and their most important reason to continue usage after the test period (open). 

People’s evaluation of usage was measured by asking for the enjoyment (or frustration) 

of usage (1=absolutely not; 5=absolutely), (see also Melenhorst et al., 2001 on benefit 

categories and dimensions), and what problems occurred while using the telecare 

system (open question). 

 

As this thesis focusses on the beneficial effects of telecare services from an end-user 

perspective, other possible beneficial effects, from other stakeholders’ perspectives, are 

not included in the study. Effectiveness related to objectively measured elongated 

independent living, financial benefits, state of health, or care demand reduction, has 

thus not been categorized as being ‘perceived beneficial by the end-user’. 

4.4.3 Dependent Variable: Use 

TAM’s dependent variable has always been people’s intention to use a system. 

However, use intention does not predict market success (Spiekermann, 2007) nor 

actual usage (Sponselee, Schouten, & Bouwhuis, 2008). We are much more interested 

in actual use, although there is also a difference between having a product at home 

and actually using it. Buying a product is therefore not necessarily a good indicator of 



130   C h a p t e r  4  

 

use. Instead of measuring intention to use (IU) as indicator for actual usage (according 

to David’s TAM), we directly measured actual usage, initially both subjectively (by 

asking the frequency of use) and objectively (automatically generated usage 

frequencies). In addition to the subjectively generated usage frequencies (1=(almost) 

every day; 5=(almost) never; and total number of times used (approximately)), 

participants were asked where they keep their personal alarm, as an alarm button that 

is placed in a drawer cannot be frequently used; it should be carried along with the 

elderly person.  

At the end of the test period people were asked about their intention to buy the 

technology. By asking what functionality participants are willing to pay for; whether 

they are intended to buy the product (1=yes, definitely; 2=yes, depending on / only 

if…; 3=maybe, but / if…; 4=probably not, because…; 5=definitely not, because…), and 

whether they would take the technology along with them if they would have to move 

(open), the use was also measured. The buy rate was also measured objectively by 

means of actual purchase numbers. 

4.4.4 Independent and Mediating Variables 

Accessibility 

According to TAM, perceived ease of use (E) is the second predictor for intentional 

use. However, many studies have shown that ease of use only influences (intentional) 

use during the first time period of use, or only through the key predictor ‘usefulness’ 

(i.e. ‘benefits’). In our model, ease of use is therefore expected to indirectly influence 

smart home and telecare technology acceptance through ‘benefits’. The perceived ease 

of use in TAM is extended towards ‘accessibility’, which includes perceived ease of 

use, as well as objective usability (Venkatesh, 2000): the actual level of effort required. 

It has an emotional part, as well as a financial part (costs). This factor is more process 

oriented than ‘benefits’. 

 

Accessibility is defined as the absence of physical, conceptual, economic, cultural, or 

social barriers that may exclude people from accessing the new technology (Benyon, 

Turner, & Turner, 2005). Apparently, there are barriers for using telecare technology 

and services in home care situations, as large scale adoption of telecare is still lacking, 

also after many years of research and pilot projects. These barriers, or positively 

formulated ‘accessibility variables’, need to be defined and put in a model to better 

understand telecare acceptance and use. Such model would eventually be supportive 

in catalysing large scale telecare adoption. 

 

Regarding the physical barriers, the perceived ease of use is measured on a 5-point 

scale (1=very easy, 5=very difficult). We ask participants how they get the system 

started (this varies along participants, and is expected to influence the ease of use), and 

we ask for problems they experience, and remarks they have on certain elements of 

the system. Additionally, observations of using the system reveal important 
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‘accessibility’ problems. The conceptual barriers are measured by means of the same 

items as the physical barriers, by analysing the cause of accessibility problems. The 

economic barriers are measured by taking into account the financial reason not to buy 

the system after the test period (‘Intention to buy, depending on costs’). Additionally, 

the Care Dependency Indication (CIZ indication: 1=no indication, 5=personal & 

nursing care) influences the economical barrier, as it determines the costs of system 

usage for the individual: people with an indication for home care receive a reasonable 

government reimbursement. Possible cultural barriers can be experienced when the 

technology is not compatible with people’s current life, lifestyle, or habits in their 

homes. Therefore we ask users what should be changed about the system, in order to 

use it. Social barriers are not expected in this study, as all participants in the VieDome-

TV project are recruited beyond any social group, such as elderly community groups 

or welfare organisations. A social barrier on an organisational level may be expected 

between developers of smart home and telecare technology and the elderly end-users. 

In the communication towards the user group ambiguous (technical) language that is 

difficult to be understood by the end-users should be avoided. Besides these 

predefined barriers, we added the aesthetical barrier, which partially fits into the 

cultural barrier, by measuring whether people enjoy using the system or services 

(1=absolutely not, 5=absolutely). 

Personal variables 

Research has shown a complex influence of personal variables on technology 

acceptance. As we expect a moderating effect of certain personal variables on the 

influence of benefits on technology usage, we measure the strongest variables: gender, 

age, experience with technology (computer experience, self-efficacy), and marital 

status (although the latter may also effect the personal ‘needs and dependence’). 

Computer experience was measured by asking the frequency of using a computer 

(without internet access); a computer with internet access; internet banking; and email 

(1=often, 4=never). Self-efficacy was measured by asking how competent people 

expected to be on performing a (telecare related) task: “Do you think you are able to... 

[task]?” (1=very unlikely, 5=very likely) (based on Bandura, 1977; Wiedenfield et al., 

1990; Nap, 2008). 

As experience with technology appears to be an important but broad mediating 

variable, it consists of multiple items: participants’ educational level, work experience, 

their current use of technology, including computer experience, familiarity with a 

personal alarm, and self-efficacy regarding the new technology.  

Facilitating conditions 

The opposite of access barriers or situation constraints are facilitating conditions, such 

as technology support and information. Our study on former telecare and smart home 

projects revealed the importance of facilitating conditions for the acceptance of smart 

home technology (Sponselee, Schouten, Bouwhuis, & Willems, 2008). It is also a 

construct in the theory of planned behaviour (external perceived behavioural control), 
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in MPCU, and UTAUT. The facilitating conditions that are tested in this study 

(measured on a 3-point scale: 1=yes, 2=no, 3=don’t know) are: technology support 

(sufficient support by the helpdesk and by family members); effective communication 

(sufficient information about the possibilities of the technology, receiving a newsletter, 

sufficient information about the test period), project coordination (quality of contact and 

appointments with the organisation, as well as the organisation of the test), user 

support (sufficient explanation on the usage, quality of the manual, remarks on the 

explanation as well as the manual), and possible other remarks. 

4.4.5 Time Variable: Experience 

In the original TAM the iterative process of usage is not taken into account. However, 

it can be observed that technology acceptance changes partly due to experience in 

using the system. In TAM2 (Venkatesh & Davis, 2000), experience is added to the 

original model, but defined as a time variable, moderating the effect of subjective 

norm on intention to use and perceived usefulness. Less prominently, experience is 

also interwoven in the extended TAM2 model through the variables Output Quality 

and Result Demonstrability. 

 

After using the innovative technology or smart home system, the user is more 

experienced than before, and can reconsider the process of technology acceptance on 

experience instead of expectations and assumptions. This experience is expected to 

influence the benefits, and eventually the use of the system for the second time. The 

experience can be compared with certain ‘cognitive instrumental process’ variables, 

namely:  

1) the fact that the user is changing from a novice user into a more 

experienced ‘expert’ user (see ‘Experience’ in TAM2); 

2) the Quality of Experience (Van Moorsel, 2001), corresponding with 

‘Output Quality’ in TAM2; 

3) the Result Demonstrability, or tangibility of the benefits (also from 

TAM2). 

Experience is taken into account in the study by comparing before and after usage 

items (repeated measures). The effect of experience on benefits is clearly demonstrated 

in the study described in the next chapter. As most functions of the telecare system did 

not operate in the expected way, the Quality of Experience was rather low. This 

experience resulted in lower benefits, and eventually lower acceptance of the 

technology, as will be shown in the results section. 

 

4.5  Conclusion 

 

Much research has been conducted in order to find relevant external factors that affect 

technology acceptance (e.g. Taylor & Todd, 1995; Porter & Donthu, 2006; Schaper & 

Pervan, 2007). We believe that the many external variables – like system 
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characteristics, individual differences, facilitating conditions, and social influences – 

can be categorized under the driver ‘needs’, under ‘benefits’, or under one of the 

moderators ‘accessibility’, ‘facilitating conditions’, and ‘personal variables’. Therefore, 

based on other models on technology acceptance (see Table 4.2), we introduced the 

‘Telecare Acceptance and Use Model’ (Figure 4.5 and 4.6): a revised technology 

acceptance model for elderly people, that includes relevant determinants and 

moderator variables to explain smart home and telecare technology acceptance in 

home care settings. Benefits are considered as key predictor for technology use, while 

the variables ‘accessibility’, ‘facilitating conditions’, and ‘personal variables’ are 

expected to influence this causal relationship. As the moderator variables cover 

‘designer’, ‘organizational’ and ‘personal’ elements, our model underlines the 

necessity of tuning the perceptions of the stakeholders involved in smart home and 

telecare technology implementation (Sponselee, Schouten, Bouwhuis, & Willems, 

2008).   

Before the model was tested, the hypotheses have been formulated, and the variables 

have been operationalized. Next, the model has been tested by means of field tests, 

involving older participants (Chapter 5). Utilizing the iterative process of our model 

resulted in advisory steps for smart home and telecare technology acceptance (Chapter 

6).  
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5 Analysing Telecare Acceptance and Use  
 

In order to better understand and predict end-user acceptance of telecare, a new Telecare 

Acceptance and Use Model is proposed. In this chapter the proposed telecare acceptance 

and use model is tested, by studying telecare acceptance and use. The effects of user needs 

on benefits, and of benefits on use and acceptance, as well as the influence of accessibility, 

personal variables, and facilitating conditions on these effects are analysed. The study 

reveals what variables must be taken into account to increase telecare acceptance by elderly 

users. The data-analysis also sheds light on beneficial effects of this kind of technology, 

moderated by telecare functionalities1. 

 

5.1 Methods 

 

In Chapter 4 multiple technology acceptance models and their constructs were 

discussed in the context of telecare acceptance. As a result, a new Telecare Acceptance 

and Use Model (TAUM) was proposed. To test the TAUM, participants were recruited 

in the context of the VieDome-TV project (see Textbox 0.1; Kemner, 2009). A Dutch 

home care organisation wanted to expand their business by offering not only care, but 

also welfare services at a distance. Therefore, they wanted to test telecare technology 

and services specifically developed for home care purposes.  

Participants were recruited by means of an advertisement in local newspapers, asking 

for participation at no cost in a study on telecare services. In December 2007 two 

information meetings were organised for the participants and their relatives, to 

explain the purpose of the study, the concept of the technology and the conditions of 

the experiment. In January and February 2008 participants were interviewed for the 

pre-test in the homes of the elderly people. In January – March 2008 the technology 

was installed in the households. Multiple visits of technicians were necessary to get 

the technology working (preparing the internet connection; installing and testing the 

technology). In June – July 2008, when most people had used the technology for at 

least three months, the first post-test took place, by means of a semi-structured 

interview. After another four months the system software was updated, with a new 

interface as a result. In February 2009 the second post-test took place, and people were 

asked to perform several tasks with the telecare system, while being observed. 

 

                                                             

1 This chapter is partially based on a paper presented at the ISG*ISARC2012 Conference: Sponselee, 

AAG, Schouten, BAM, Bouwhuis, DG, Telecare accessibility: Technical, personal, and organisational 

issues. Gerontechnology 2012; 11(2):200 doi: http://dx.doi.org/10.4017/gt.2012.11.02.302.00 
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5.1.1  Subjects & Systems 

At the beginning of the study, 81 people subscribed for participation: 52 (64.2%) 

female and 29 (35.8%) male. However, by the time the pre-test took place, six people 

had decided not to participate in the study (see section 5.2 on Participation 

cancellation). The study continued with 75 participants (64.0% female). The ages 

ranged from 51 to 90 years old, 78 as the median age, the mean age was 76.7 (st.dev. 

7.4), 41 (54.7%) were widowed; 23 (30.7%) were married; 6 (8.0%) were divorced; and 5 

(6.7%) were single. Fifty-two persons were living alone, and there were 13 double 

households, resulting in 65 systems to be installed (see Table 5.1). In the first post-

testing phase another 14 participants (11 systems) abandoned the study, due to 

various reasons. Between the first and second post-testing phase another 23 

participants (19 systems) left the study. 

Although the number of participants decreased over time, the ratio between men and 

women, mean age, and proportion of marital status remained almost the same (see 

Table 5.1). The group of people who withdrew did not differ statistically in gender, 

age, marital status, household, or ADL-score, from the group who continued their 

participation in the study. 

The second post-test resulted in 35 useful responses. One participant was hospitalised 

during the test period, and was unable to participate, although she still had the system 

operational. One couple did not have the system in use anymore, after they had 

moved to a new apartment, but were willing to share their experiences ‘so far’ with us. 

Two other participants were given a simplified version of the system with fewer 

functions, who could therefore not answer all questions either.  

 

Table 5.1: Participants’ demographics. 
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41     

20     

(67.2) 

(32.8) 
28 

14     

(66.7) 

(33.3) 

age mean   76.7  76.1  76.4  

 (range)  (51-90) (60-90) (51-89) 

marital 

status 

widowed  

married  

divorced 

single 

 41     

23     

6       

5       

(54.7) 

(30.7) 

(8.0) 

(6.7) 

36     

17     

5       

3       

(59.0) 

(27.9) 

(8.2) 

(4.9) 

25   

10 

4 

3     

(59.5) 

(23.8) 

(19.0) 

(7.1) 

household single 

double 

57 

14 

 52 

13 

 45 

9 

 30  

6 

+ 2* 

* Two participants were given a simplified version of the system. 
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5.1.2  The Telecare System 

Each participating household in the study received a screen to screen home care 

system free of charge: their own TV set was used as the portal to telecare and welfare 

services. The telecare system consisted of multiple hardware elements. Most apparent 

is the onscreen interface (Fig 5.1a, 5.1d), provided by the TV set. People could navigate 

through the system by means of a remote control (Fig. 5.1b, 5.1e), belonging to a 

multimedia player (media box) (Fig. 5.1f), which is connected to the television, and a 

router (for secured internet connection from TV set to care centre). For voice-

communication two small speakers were added to the system. For two-way video-

connection a webcam, placed on top of the TV-set, was used. All components were 

interconnected by wire including power supply and internet connection. The system 

also comprised a personal alarm pendant.  

 

 

 

 

First version                                                       a)          b)                                               c) 

 

 

 
 

 
Second version                                                 d)           e)                                               f) 

Figure 5.1: The telecare system components:  

a, d Onscreen interface; 

b, e Remote controls, first and second version; 

c, f  Media box (computer). 
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After usage, participants evaluated the benefits of the telecare system and the separate 

functionalities. The functionalities consisted of1: a personal alarm that creates direct 

audio communication with the care centre; video communication with the care 

organisation, for questions, help, support, and reminders; video connection with 

various (welfare) organisations (information, consultation and orders regarding 

(welfare) services, like a gardener or a having the bank bringing your money 

personally to your home) and the local council; screen-to-screen communication with 

family members (who used their own computer and a webcam) and with other 

participants of the study. Additionally, there was the possibility to look up 

information and (project related) news on the television interface. The onscreen 

interface was based on software that was partially changed during the study. In the 

same time, the remote control was also changed by removing unnecessary buttons. 

 

5.2 Participation Cancellation 

 

The hypothesis that accessibility problems regarding the use of the telecare system 

result in lower actual use was already found in this study during pre-testing, before 

the technology was installed. A substantial number of participants cancelled their 

participation during the study. People cancelled their participation in the study due to 

technical, physical, conceptual, cultural, and social barriers2 (see Table 5.2). Technically 

the system was limited to those who had a failure-free system installation (probably 

related to the internet connection that was needed), and those who had an unused 

‘scart’ entry on their TV-set. In that way, people who experienced technical barriers 

were actually also socially excluded. The physical barriers consisted of hearing 

problems and difficulties in handling the system. The latter, however, can also be 

interpreted as a conceptual barrier, for example the fact that the system was 

(cognitively) too difficult for people who were too forgetful. One participant cancelled 

her participation as she was disappointed in the way she was treated in an alarming 

situation. In this case the telecare system could not support her mental expectations or 

lifestyle situation (i.e. a cultural barrier). In five cases the technology appeared not to 

be useful for the user. It did not fit in their life, or habits, and thus in that sense it was a 

cultural barrier. The remaining cancellations had a more personal cause. Five people 

decided not to participate in the study, as it would require some extra effort from the 

participants and in two cases participants moved house during the study and did not 

take the system along with them. Approximately half of the subscribed participants 

thus left the project within a year. Analysis revealed a relation between the reason to  

                                                             

1 In this chapter, the functionalities are referred to as: Alarm; Care centre; Family contact; Bank service; 

Welfare service; Local council; Contact others; and Online info(rmation). 

2 There were no economic barriers, as participating in the study and using the technology was for free 

during the test period. 
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Table 5.2: Number of households that cancelled project participation for various reasons. 

  Period of cancellation  

Reason for cancellation Barrier After 

selection 

After 

pre-test 

After 1st 

post-test 

 

TOT. 

Technical 

problems 

System failure Technical / 

Social 

 1 5 6 

No ‘scart’ 

entry 

Technical / 

Social 

 4  4 

 Inductive loop 

system 

Physical 1   1 

System / 

functio-

nality 

Difficult to 

handle 

Physical /  

Conceptual  

1 1 51 7 

Too forgetful  Conceptual  3 1 4 

 Dissatisfied 

about care 

Conceptual 

/  Cultural 

  1 1 

 Not useful Cultural   5 5 

Other Cancelled 

participation 

Cultural 4 1  5 

 Moved  Social   22 2 

 Deceased -  23 13 3 

TOTAL   6 12 20 38 
1 In two cases participants were given a simplified touch screen version of the system, and continued 

the study. 
2 In one case participants continued participation in the study, after they moved, without re-installing 

the system. 
3 In two cases the partner of the deceased continued participation in the study. 

 

 

cancel participation and people’s care indication; for people without an indication the 

system was not useful, while for people with both personal and nursing care the 

system was too difficult to handle (asymm. λ= 1.00; p<.001). 

 

5.3 Needs and Dependence 

 

Seventy-five participants (age: µ=76.7; 64.0% women) were interviewed in order to 

retrieve their ‘needs’ and level of ‘dependence’ in relation to telecare. Participants’ 

‘Needs & Dependence’ were measured by means of their level of dependence, within the 

scope of people’s need for care, their level of support, their ADL difficulties, and the 

lacking benefits of the system (see section 4.4.1 and Appendix VII for the methods used).  
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5.3.1  Level of dependence 

The level of dependence of participants was measured by means of their health status 

(care indication; current health; and health compared to previous year, on a 5-point 

scale, see section 4.4.1), level of mobility (7-point scale), and restrictions in Activities of 

Daily Living (ADL) (3-point scale). In Appendix VIII the percentages of the 

participants are shown in relation to their health and ADL difficulties. The majority of 

the participants did not have a care indication or only an indication for domestic care. 

For almost 45% of the participants their health had declined in the last year. About 

half of the people had a good, to fairly good, mobility. The table shows that the 

participants were mainly limited in their daily activities related to housekeeping 

(µ=1.75; 1=limited a lot – 3=not limited at all); carrying groceries (µ=1.92); using stairs 

(µ=1.93); and bending over (µ=1.71). Walking long distances (500m.) was also 

problematic (µ=2.00).  

 

The ADL difficulties were transformed into an ‘ADL total score’, by combining the 26 

ADL items into one ADL variable (range 0-100; a higher score meaning less restricted). 

A reliability test revealed a Cronbach’s alpha of 0.95. 

After computation (re-scaling into 5-point-scales [low scores meaning low 

dependency], adding up, and dividing by five), the ‘needs & dependency’ items (care 

indication, current health, health compared to the previous year, mobility, and ADL 

total score; see also section 4.4.1) were transformed into a ‘Dependency level’ score [1-

5; low score indicating good health]. A factor analysis (N=44) revealed one component, 

with Cronbach’s alpha of 0.772. (Without variable ‘Care indication’ – obtained during 

post-test-2, with N=44 – there was a reliability alpha of 0.808 (N=75)).  

 

Table 5.4: Number and percentage of participants dealing with health-related daily 

constraints (N=75). 

 

Daily constraints n                (%) 

Medication 52 (69.3) 
Heart 27 (36.0) 

Respiration 18 (24.0) 

Memory 16 (21.3) 

Rheumatic 14 (18.7) 

Mobility 13 (17.3) 

Other 12 (16.0) 

Diabetic 11 (14.7) 

Back 8 (10.7) 

Sight* 5 (6.7) 

Hearing* 4 (5.3) 

Balance* 3 (4.0) 
*Sample sizes too small for significant findings 
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Participants were also asked to mention possible health-related daily constraints they 

suffered from (see Table 5.4). Having to take medication was the most frequently  

mentioned constraint (n=52; 69.3%), while heart-related issues were the most common 

specified health problem (36%), followed by respiration problems (24%) and cognitive 

impairment (memory; 21%). 

5.3.2  Level of support 

People’s level of current support was measured by means of questions related to 

marital status, frequency and satisfaction of family contact, and having a personal 

alarm or not. In appendix IX the number and percentages of participants related to the 

support level are shown. Most participants (90.7%) had at least regular contact with 

their family members and were satisfied with this contact, although 37.8% desired 

more frequent contact. 

 

ADL difficulties were addressed in many different ways (see Table 5.5), and not only 

with the help of family members. Most elderly people (72.0%) made use of the help of 

formal care, like nursing, help with elastic stockings, and domestic care. Participants 

also received informal (64.0%) care from relatives, friends, spouse, or a volunteer 

worker. Difficulties related to walking were often addressed with a walking aid 

(46.7%), like a walker, walking cane, scoot mobile, or wheelchair, and for walking 

stairs using a stair lift. 

Ten people mentioned they got help with shopping, got it delivered, or made use of 

their own shopping cart. There were also ten participants who mentioned that they 

had to accommodate to the situation, by taking things easy, or giving up doing certain 

things. Difficulties with meal preparation (n=8) were addressed by having meals 

prepared by others, delivered, or dine out (often at children’s home). Bending and 

reaching difficulties were compensated with a gripper in seven cases. Six people hired 

a gardener to take over jobs they were physically unable to. Five people mentioned 

they made modifications in their home, like placing an electrical sunscreen, sleeping 

 

Table 5.5: Number of people who mentioned support for ADL difficulties (N=75). 

 

Support for ADL difficulties n (%) 

Formal care 54 (72.0) 

Informal care 48 (64.0) 

Walking aid 35 (46.7) 

Shopping help 10 (13.3) 

Accommodate 10 (13.3) 

Prepared meals 8 (10.7) 

Gripper 7 (9.3) 

Gardener 6 (8.0) 

Renovate house 5 (6.7) 

Outdoor mobility 5 (6.7) 
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downstairs, or adjusting the bathroom or kitchen. Outdoor mobility was increased by 

making use of an electrical bike, motorbike, or public transportation (n=5). 

 

As could be expected, there is a strong relation between mobility difficulties and the 

use of walking aids; Pearson 2 = 61.406 (df=6, N=75; p<.001). There was also a strong 

relation between the marital status of the participants and making use of formal care 

(Fisher exact probability test: p<0.01, one-tailed, and p<0.01 two-tailed (see Table 5.6)). 

 

Table 5.6: Number of participants who receive formal care as a function of marital status. 

 

  Formal care 

  No Yes  

Marital status Married 11 12 23 

 Single 9 43 52 

  20 55 75 

 

5.3.3  Lacking benefits 

To get insight in what other services they would like to see within the telecare-concept, 

participants were asked for lacking benefits of the current system. Participants were 

asked for other possible services and functionalities at three times: pre-testing, post-

test-1 (after a few months of use), and post-test-2 (after one year of use). These ‘needs’ 

or ‘lacking benefits’ (related to safety, care and cure, social contact, and tele-services) 

are already discussed in section 3.2.4. 

 

5.4 Perceived benefits of telecare 

 

After measuring the needs of elderly people regarding telecare services, and their 

dependency level regarding health and independent living, experienced benefits of the 

telecare system were assessed. As explained in section 4.4.2, the benefits consist of 

beneficial outcome effects (well-being; sense of safety; independence; and independent 

living), the evaluation of the telecare system, and the evaluation of using the system.  

5.4.1  Beneficial outcome effects 

The functionalities of the system were developed with the intention to increase the 

well-being, sense of safety, and independence of the participants.  

Well-being 

To measure people’s well-being, participants answered a well-being questionnaire (of 

the SF-36 Health Survey) at three times during the study (pre-test; post-test-1; and 
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post-test-2). People were asked to grade the frequency of feeling full of pep; worn out; 

nervous; et cetera, in the last couple of weeks (see Appendix VII) on a 5-point scale 

(1=all of the time; 5=none of the time). In order to be able to calculate the effect of 

needs on the benefit ‘well-being’, the nine well-being variables had to be transformed 

into the two components ‘vitality’ and ‘mental health’ (Ware & Sherbourne, 1992). 

According to the prescribed algorithm, the raw scores were computed for each of the 

dimensions by summing up responses to individual items and then transformed to a 

scale from 0 to 100 (Transformed scale = [(actual raw score – lowest possible raw score) 

/ possible raw score range] x 100). A high score indicates high subjective well-being. A 

reliability test for the pre-test and both post-test well-being measurements revealed a 

Cronbach’s alpha of 0.81 – 0.88. We therefore also calculated a total well-being score 

(0-100), including all nine SF-36 variables. 

Of the 31 participants from who all pre-test and post-test scores were available, well-

being increased over time (after system use), though not always significantly (see 

Figure 5.2). A paired samples T-test shows that Vitality increased significantly from 

pre-test (µ=52.5) to post-test-2 (µ=60.5): t = -2.617, df=34, p<.05. The increase was not 

statistically significant from pre-test to post-test-1, and not for Mental health, nor for 

the total score of well-being (only a marginal change: t=-1.761, df=34, p<.10).  

A repeated measures analysis reveals that gender significantly influences the effect of 

the system on well-being; men and women differed in their vitality level (F(1,29)=6.51; 

p<.05), while vitality only increased significantly for women, and not for men 

(interaction effect ‘time*gender’ F=3.45; p<.05) (see Figure 5.3). 
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Figure 5.2: Vitality, Mental health, and Well-being (total) during pre, post-1, and post-2 

test. 
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Figure 5.3: Vitality and Mental health over time for male (n=11) and female (n=20) 

participants. 

 

Loneliness 

In line with the questionnaire for well-being, people were asked for their level of 

loneliness (1=always; 5=never). No difference in loneliness was found between post-1 

and post-2 (µ=3.94, n=32). A Kruskal-Wallis test, however, did reveal that in post-test-1 

divorced and widowed elders (mean rank (m.r.): 20 and 21) feel more often lonely 

than singles (m.r.: 33) or married couples (m.r.: 36) (²=12.95; df=3; p<0.01). In post-

test-2 this difference was not present anymore. We found a comparable effect for 

single and double households. In post-test-1 single households (m.r.: 22) felt more 

lonely than double households (m.r.: 38) (Mann-Whitney U=77.00; Z=-3.469; p<0.01), 

but in post-test-2 this difference was not significant anymore. Loneliness thus 

decreased for those who felt lonely at the beginning of the test. 

Increased feeling of safety 

Feeling of safety was measured by asking participants whether the telecare 

functionalities did contribute to an increased feeling of safety, on a 5-point scale 

(answering scale: [1] not at all; [2] a little; [3] indeed; [4] a lot; [5] very much). In both 

post-implementation-tests it was found that the personal alarm was most effective 

(highest means) in increasing safety feelings (Table 5.7). A paired samples t-test 

revealed that the feeling of safety due to the care centre functionality actually 

decreased significantly from post-test-1 to post-test-2 (t=2.576; df=29; p<0.05). Possibly 

people had other or higher expectations of this functionality, as will be explained later 

on in this chapter (sections 5.3.3 and 5.5.3 on lacking benefits). 
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Independence 

Experienced independence of the participants was measured by asking them how 

much the telecare functionalities contributed to an increased feeling of independence 

(answering scale: [1] not at all; [2] a little; [3] indeed; [4] a lot; [5] very much). 

Independence did not increase over time (see Table 5.7). The newly introduced 

functionalities and services in post-test-2 (contacting the local council, welfare service 

desk, and contacting other telecare system users) had a non-significant tendency to 

contribute a little to increased independence (according to their means > 1.5). A paired 

samples t-test showed that the feeling of independence did not statistically change 

from post-test-1 to post-test-2 for any functionality.  

 

Table 5.7: Means, s.d., and number of participants for feeling of safety, independence, 

and independent living per functionality. 

Feeling of:  Safety Independence Independent 

living 

  M s.d. n M s.d. n M s.d. n 

Care 

centre 

Post-test-1 2.36 1.11 45 1.64 0.97 44 -   

Post-test-2 2.06 1.13 34 1.50 0.79 34 2.03 1.00 34 

Alarm Post-test-1 3.18 1.22 49 2.06 1.27 49 -   

 Post-test-2 2.80 0.83 35 2.06 0.94 35 2.34 0.97 35 

Family 

contact 

Post-test-1 1.84 1.12 19 1.63 0.90 19 -   

Post-test-2 1.86 1.07 7 1.71 0.95 7 1.71 0.95 7 

Bank 

service 

Post-test-1 1.20 0.56 15 1.47 0.83 15 -   

Post-test-2 1.23 0.60 13 1.23 0.78 13 1.92 0.76 13 

Welfare 

service 

Post-test-1 -   -   -   

Post-test-2 1.25 0.58 16 1.75 0.78 16 1.94 0.75 17 

Local 

council 

Post-test-1 -   -   -   

Post-test-2 1.00 0.00 6 1.83 0.75 6 2.14 0.69 7 

Contact 

others 

Post-test-1 -   -   -   

Post-test-2 1.00 0.00 3 1.67 0.58 3 1.00 0.00 3 

Online 

info 

Post-test-1 -   -   -   

Post-test-2 1.00 0.00 6 1.33 0.52 6 1.33 0.52 6 

 

 

Independent living 

During the second post-implementation test participants were also asked whether the 

telecare functionalities increased their possibility to live independently (answering 

scale: [1] not at all; [2] a little; [3] indeed; [4] a lot; [5] very much). The personal alarm 

was again rated as most effective. 
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Benefits of the system (in total) 

In an open question of what benefits the telecare system had brought to the 

participants, after one year of use, the following answers were given (see Table 5.8). 

Most answers had to do with a secure feeling (‘feeling safe’), feeling of safety, and 

reassurance, due to the alarm possibility and the direct contact with the care centre. 

The possibility to live independently for a longer period of time or an increased feeling 

of well-being are not what participants themselves experienced as benefits of the 

telecare system. Moreover, almost half of the participants could not mention any 

benefits of the system, as they “did not experience any”. 

 

Table 5.8: Number of participants who mentioned benefits of the telecare system (post-

test-2; n=34). 

 

Benefits # mentioned 

None   14  

Feeling safe   7  

Living independently   1  

Other   12  

Benefits related to: outcome None 15  

  Feeling of safety 7  

  Reassurance 6  

 product Alarm 6  

  Direct contact care 9  

  Contact family 1  

  See each other 1  

  Services 1  

 usage Fun to use 2  

  Should work/function 1  

 

 

At the end of the test period participants were (also) asked what the system brought to 

them, what they did not have before, or what they solved in other ways before. The 

answers to that question again show that the added value of the system is a feeling of 

safety, security, or reassurance, delivered by the alarm button and direct contact with 

the care centre (Table 5.9).  

 

A further analysis of product and usage evaluation is given in the next sections. 
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Table 5.9: Added value of telecare, mentioned by the participants (post-test-2; n=34). 

 

Added value # mentioned 

Nothing 8  

Feeling of safety / alarm 8  

Reassurance / safety of direct contact / accessibility 6  

Always / direct contact / 24/7 6  

Fun, enjoyable, pleasant screen to screen contact 6  

Independent (living) 2  

 

5.4.2  Evaluation of the telecare system  

An analysis of the beneficial outcome effects already revealed the ‘safety’ value. 

However, not only the outcome effects determine the benefits of telecare; the 

evaluation of the product itself and its functionalities are also part of the telecare 

benefits.  

Things to be changed 

First, the telecare system was evaluated by asking participants whether they wanted 

something related to the functionalities to be changed (answering scale: [1] absolutely 

not; [2] not; [3] don’t know; [4] yes; [5] absolutely). If so, they were asked them to 

describe their proposed change. A description of the proposed changes is given in 

section 5.8. 

Although some changes were made in the telecare system layout between post-test-1 

and post-test-2, there was no difference in the need for changing the functionalities. 

Overall, the need for changes was found to be rather low (means below ‘3’). Only the 

alarm button and family contact might need some changes, to make it more user-

friendly (means 2.71 to 2.84).  

Relative importance of functionalities 

When asked what the most important functionality of the system was, people 

mentioned the alarm as most important, contact with the care centre as second most 

important, and contact with family the third most important functionality. Other 

functions, like contacting services were not important (see Figure 5.4). 

Participants were additionally asked to give a grade (between 1 and 10) for the 

usefulness of the functionalities. Unfortunately the question resulted in many ‘missing 

data’, but the tendency is still obvious (Table 5.10). 
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Figure 5.4: Number of participants mentioning the most important functionalities. 

 

Table 5.10: Mean grades for usefulness per functionality.  

 

Functionality Grade  n 

Telecare system (total) 7.88 High 8 

Alarm button 8.47 High 32 

Care centre 7.35 Medium 26 

Family contact 7.26 Medium 27 

Services 5.00 Low 13 

Contact with other 

users 

3.55 Low 11 

Online information 3.23 Low 13 

 

Reason to continue after test period 

To evaluate the telecare system participants were asked what would be the reason to 

continue the use of the system after the test period (N.B. people had to make this 

decision after the test period). This question resulted in a value overview comparable 

to the ‘Added values’ (see Table 5.11). 

 

A feeling of reassurance, feeling of safety, and the direct contact with the care centre 

were again the most prominent reasons to continue the use of telecare. The alarm 

functionality as well as the possibility to contact family lost their importance in the 

post-test-2.  
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Table 5.11: Number of participants mentioning their reason to continue use after test 

period. 

 

Reasons related to 

 # post-test-1 

(n=48) 

# post-test-2 

(n=37) 

Outcome effects: Reassurance 10 10  

 None 9 6  

 Feeling of safety 4 8  

 Independent living 2 -  

 Independence 2 -  

Product: Direct contact care 13 10  

 Alarm 12 4  

 Contact family 11 4  

 See each other 3 2  

 Services 1 -  

Usage: Low costs 5 -  

 Useful services / functions 4 1  

 Should work / function 3 3  

 User friendly 2 -  

 

5.4.3  Evaluation of usage 

Enjoyment of use 

In case participants enjoy the use of certain functionalities, it results in a positive 

evaluation of usage. In Table 5.12 the enjoyment ratings of using the telecare 

functionalities are shown (answering scale: [1] absolutely not; [2] not; [3] don’t know; 

[4] yes; [5] absolutely). Looking at the means, the participants in general enjoyed the 

telecare functionalities. Screen to screen contact was enjoyed most by the majority, 

while the services (bank, welfare, info) were experienced as less enjoyable. The joy of 

contacting the care centre, family members, and the bank did not significantly change 

over time from post-test-1 to post-test-2. 

 

Table 5.12: Means and number of participants for enjoyment of functionality use. 

 
 Care 

centre 

Family 

contact 

Bank 

service 

Welfare 

service 

Local 

council 

Contact 

others 

Online 

info 

Post-test-1 3.55 3.89 3.36 - - - -  

n 42 20 14      
         

Post-test-2 3.32 3.86 3.18 3.36 3.50 4.00 3.17  

n 34 7 11 14 6 4 6  
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Problems using the system 

Participants were asked whether they experienced problems using the telecare 

functionalities (yes – no). They mentioned various problems related to the product 

(telecare system) itself as well as related to difficulties using the system. A description 

of the problems and proposed solutions are mentioned in section 5.8. 

Although family contact was provided by the time the post-1 measurement took place, 

many problems occurred concerning this functionality. Of 54 participants 29 (53.7%) 

could not use the functionality. In 17 cases (31.5%) family contact did not work yet, 

although it was installed, and in 12 cases (22.2%) the functionality was not installed 

yet, although this was promised by the telecare provider. During post-test-2 there 

were still 17 cases of malfunctioning, and 11 cases of an uninstalled functionality. The 

malfunctioning of the contact functionalities resulted in many missing values. These 

problems also had a (negative) effect on the evaluation of the product and use.  

Table 5.13 shows that only the problems people experienced with the personal alarm 

diminished over time.  

 

Table 5.13: Number of participants experiencing usage problems per functionality. 

 
Usage problems Care centre Alarm Family 

contact 

Bank / other 

services 

Post-test-1  yes 11 9 10 2  

(N=54) no 35 38 11 16  

missing values 8 7 33 36  
      

Post-test-2  yes 9 3 4 5  

(N=36) no 26 32 4 10  

missing values 1 1 28 21  
      

 

5.5 Testing the effect of Needs on Benefits 

 

We hypothesise that the more people are in need for support, the more benefits are 

expected and are experienced after use of the telecare system. By means of Spearman’s 

correlations, ANOVA, Mann-Whitney U-tests, and Kruskal-Wallis tests, the effect of 

‘Needs and Dependence’ on ‘Benefits’ was tested.  

5.5.1 Level of dependence affecting benefits 

Care indication, health status, mobility, as well as difficulties in ADL were expected to 

increase the experienced benefits of telecare. The analyses of tests are described here. 
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Care indication 

The care indication was known of the participants of post-test-2. Such an indication 

entitles people to the financial support for either domestic, personal, or nursing care. 

The different care indications are given to people who are presumably dependent on 

domestic, personal, or nursing care. The level of indication is therefore used as a 

measurement of ‘dependence’. Participants with an indication for personal and / or 

nursing care are expected to be more care dependent, thus more in need for the 

benefits of the system, than participants with an indication for domestic care, of who 

have no indication at all. 

 

Repeated measures revealed interaction effects between groups and well-being 

(vitality, mental health, and well-being total, n=31), but this significant effect was 

caused by one participant with a nursing care indication, whose well-being dropped 

drastically over time. Exclusion of this individual case from the analysis resulted in no 

significant effects anymore. 

 

Non-parametric tests showed no significant differences between groups in their 

feelings of safety or independence. For the feeling of independent living (post-test-2) 

we found a significant difference between groups (no indication (n=12); domestic care 

(n=10); personal care (n=3); nursing care (n=2); personal & nursing care (n=8)), 

regarding the local council service, as well as the alarm, by means of a Kruskal-Wallis 

test. People with no care indication felt that the local council service increased their 

possibility to live independently (mean rank (m.r.): 7) more than people with an 

indication for domestic care (m.r.: 4), or with both personal and nursing care (m.r.: 1) 

(²=6.00; df=2; p=.05).  

People with an indication for both personal and nursing care felt that the alarm 

increased the possibility to live independently (m.r.: 23), more than people with a 

domestic care indication (m.r.: 20) or no indication (m.r.: 18). People with only a 

personal or nursing care indication rated the benefit of the alarm lowest (both m.r.: 5) 

(K-W test ²=12.97; df=4; p<.05). Local council services thus seem more beneficial for 

people who are not yet in need of care, while the alarm makes independent living 

possible for people with a high need of care. 

 

The study also showed a significant difference in the evaluation of the telecare system 

(post-test-1) between people with different care indications. A crosstab analysis (n=10) 

revealed that people in higher need of care were more concerned about costs and user 

friendliness, when asked for their reason to continue the use of the system. People 

with no care indication, or only receiving domestic care, are only interested in more 

useful services or functionalities of the system. This difference is significant 

(asymmetrical λ=0.667; p=.01). This finding can be explained by the fact that future 

telecare users may have more long term related wishes, while current potential 

telecare users with higher care indications are more interested in short term facts that 

directly affect them (like costs and user-friendliness). 
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In addition, the study revealed a significant difference in the evaluation of the 

personal alarm (post-test-1) between people with different care indications (Kruskal-

Wallis test ²=11.30; df=4; p<.05) (see Table 5.14). People receiving an intermediate 

level of care (domestic, personal) were less positive about the personal alarm (high 

mean rank; meaning high need for change), and wanted some changes in the 

functionality, more than people with no indication at all, or in higher need of care 

(nursing care, personal & nursing care; low mean rank).  

 

Table 5.14: Mean rank by care indication of the need to change the personal alarm (post-

test-1) (low mean rank meaning low need for change). 

 

 

 

 

Finally, there was a significant difference in the evaluation of using the family-contact 

functionality (post-test-1) between people with different care indications (crosstab 

analysis; n=16). Only participants with no indication or an indication for personal or 

nursing care experienced problems when contacting their family (asymm. λ=0.750; 

p<.05). 

Current health 

Participants were asked to rate their current health on a 5-point scale (1=excellent; 

5=poor). Repeated measures revealed a significant difference in well-being (vitality: 

F=9.061; df=3; p<.01, mental health: F=3.113; df=3; p<.05, and well-being total: F=6.222; 

df=3; p<.01) between groups, although there was no interaction effect. People who rate 

their health as good had the highest well-being scores, while it decreased for people 

with poorer health. 

 

Using nonparametric tests, we tested beneficial differences (feeling of safety, 

independence, or independent living, and enjoyment of the functionalities) between 

people with different health levels. Only a few (marginal) differences were found for 

the feeling of safety (see Table 5.15). The care centre increased the feeling of safety for 

people with very good and poor health, while the feeling of safety was lower for 

people with good to moderate health (post-test-2: K-W ²=7.471; df=3; p<.10). The 

personal alarm marginally increased the feeling of safety for people with poorer health 

(K-W ²=7.524; df=3; p<.10), while the welfare service significantly increased their 

feeling of safety (K-W ²=10.30; df=1; p<.05). 

 Care indication for: n Mean Rank 

Change alarm  No indication 

Domestic care 

Personal care 

Nursing care 

Personal & Nursing care 

15 

9 

3 

1 

7 

17.90 

22.56 

28.00 

10.00 

9.21 
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Table 5.15: Current health and its effect on feeling of safety (post-test-2) (mean rank: 

higher mean rank means higher feeling of safety). 

 

 Feeling of safety    

 Care centre Alarm  Welfare service* 

Current health n Mean rank n Mean rank n Mean rank 

Very good 3 26.50 3 14.17 2 7.00 

Good 12 19.33 12 13.58 7 8.07 

Moderate 15 13.07 15 20.73 5 7.00 

Poor 4 21.88 5 22.70 2 15.25 

Total 34  35  16  
* Significant difference at a .05 level. 

 

 

In a crosstab analysis, it was found that the self-rating of people’s current health may 

predict what the added value of the telecare system is (see Table 5.16). Regarding the 

added value of the telecare system, the current health level resulted in an 

asymmetrical Lambda of 0.273 (p<.05). For the specified added value related to 

outcome effects Lambda was 0.417 (p<.05). People with poor health value the alarm 

the most as it gives them a feeling of safety and reassurance. For people with good to 

moderate health the telecare system seems to have no added value, or it provides a 

 

Table 5.16: Current health and its effect on the added value of telecare. 

 Added value Telecare    

 Nothing Feeling of 

safety, 

alarm 

Reassurance/ 

direct contact  

Always / 

24/7 

Enjoy, fun,  

screen-to-

screen 

 

Current health      

Very good 0 0 0 3 0 3 

Good 2 3 2 1 3 11 

Moderate 5 1 1 1 3 11 

Poor 0 2 2 0 0 4 

Total 7 6 5 5 6 29 

 

 Added value Telecare, related to outcome effects   

 Nothing Feeling of 

safety 

Reassurance  Independent 

living 

 

Current health      

Very good 0 0 3 0 3 

Good 2 1 3 0 6 

Moderate 6 1 1 1 9 

Poor 0 1 2 0 3 

Total 8 3 9 1 21 
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feeling of safety and reassurance, and enjoyment, while people with excellent health 

value the availability of a care centre that provides a feeling of reassurance. We also 

found some significant associations (symmetrical Lambda) between the current health 

and the benefits that people described for using the telecare system, but as we consider 

the benefits as a dependent variable, we are interested more in asymmetrical Lambda, 

which was not significant. 

Health compared to the previous year 

Participants were asked to rate their current health compared to their health one year 

ago (1=much better; 5=much worse). Repeated measures revealed a significant 

difference in well-being between groups (vitality: F=5.164; df=2; p<.05, mental health: 

F=4.069; df=2; p<.05, and well-being total: F=5.470; df=2; p=.01) between groups, no 

interaction effects were found. People who rate their health as the same as one year 

ago had the highest well-being scores, while people with (much) worse health had 

significantly lower scores on well-being. 

 

Nonparametric tests showed almost no significant differences between people with 

‘better, comparable, or worse health compared to the previous year’ in their feeling of 

safety, independence, or independent living, and enjoyment of the functionalities. 

Only a Kruskal-Wallis test revealed that people who rated their health as much worse 

(n=5; m.r.: 20.00) or worse (n=13; m.r.: 21.88) compared to the previous year felt 

significantly safer due to the alarm button than people who had no change in their 

health situation (n=17; m.r.: 14.44) (post-test-2: K-W ²=6.484; df=2; p<.05). The alarm 

button is thus perceived as particularly beneficial by people who have experienced a 

decline in health. 

 

Crosstab analyses did not reveal any significant effects of relative health on the added 

value of the telecare system, the reason to continue the use, or the descriptions of the 

benefits of using telecare. We did find some significant (symmetrical) Lambda’s, 

representing a relation between relative health and telecare benefits, but we cannot 

consider these benefits as depending on the relative health.  

Mobility level 

Participants were asked to rate their mobility level, ranging from good, with difficulty, 

with a walking aid, to bedridden. A repeated measures analysis showed that there is 

no significant difference in vitality, mental health, or well-being between people with 

different mobility constraints, although plots reveal the highest values for people 

without mobility problems, and the lowest values for people in a wheelchair, or with a 

walking stick. 

 

In the nonparametric tests for the post-test-1 data we did not find significant 

differences in benefits between mobility groups. We only found a marginal difference 

between groups in the feeling of independence due to the personal alarm (K-W 
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²=10.777; df=5; p<.10). The alarm button increased the feeling of independence 

particularly for people with a mobility aid. Nonparametric tests for post-test-2 

beneficial outcome effects revealed a significant effect of mobility level on the feeling 

of safety due to the care centre (K-W ²=12.362; df=5; p<.05). People with good mobility 

experienced the highest feeling of safety, comparable with people in a wheelchair. 

Feeling of safety decreased with higher mobility (Table 5.17).  

 

Table 5.17: Mobility level and its effect on benefits of the personal alarm and the care 

centre functionality. 

 
Independence  

Alarm (post-test-1) 

n Mean 

rank 

Safety  

Care centre (post-test-2) 

n Mean 

rank 

Walker 13 34.31 Good 10 22.85 

Scootmobile 8 24.88 Wheelchair 3 22.33 

Walking stick 2 24.50 Scootmobile 7 20.00 

Good 16 21.81 Walker 7 14.79 

Wheelchair 3 21.00 Walking stick 1 8.00 

Difficult, no aid 7 17.00 Difficult, no aid 6 8.00 

Total 49  Total 34  

 

 

In a crosstab analysis for post-test-2, the value of Lambda was 0.318 (p<.05) for 

mobility level predicting the added value of the telecare system in general, and 

asymm. λ=0.500 (p<.05) for the specified added value related to outcome effects (see 

Table 5.18). People who have no or only slight mobility difficulties value the system 

for its feeling of reassurance and the fact that care is always available. People with 

moderate mobility difficulties mentioned fewer experienced added values, or 

experienced none, while people with severe mobility difficulties mentioned feeling of 

reassurance and safety as added value of the telecare system.  

Mobility level also resulted in significant differences in product specific benefits of 

telecare (asymm. λ=0.444, p<.05), although it seems that the personal alarm and the 

direct contact with the care centre are beneficial according to all groups.  

 

Another crosstab analysis revealed that mobility level may predict the reason to 

continue the use of the telecare system. For the post-test-1 data, mobility level 

marginally predicted the (most important) reason to continue telecare use regarding 

the functionalities (asymm. λ=0.278, p<.10), while it was significant for the second 

most important reason to continue telecare use regarding the functionalities (asymm. 

λ=0.750, p<.05), as well as regarding usage (asymm. λ=0.444, p<.05) (see Table 5.19). 
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Table 5.18: Mobility and its effect on added value and benefits of telecare (post-test-2). 

 

 Added value Telecare    

 Nothing Feeling of 

safety, 

alarm 

Reassurance/ 

direct contact  

Always / 

24/7 

Enjoy, fun,  

screen-to-

screen 

 

Mobility level      

Good 1 2 2 3 2 10 

With difficulty  1 1 0 0 3 5 

Walking stick 0 0 1 0 0 1 

Walker 2 1 1 0 0 4 

Scootmobile 3 1 0 1 1 6 

Wheelchair 0 0 1 1 0 2 

Bedridden 0 1 0 0 0 1 

Total 7 6 5 5 6 29 

 
 Added value Telecare, related to outcome effects   

 Nothing Feeling of 

safety 

Reassurance  Independent 

living 

 

Mobility level      

Good 1 1 5 0 7 

With difficulty  1 0 1 1 3 

Walking stick 0 0 1 0 1 

Walker 3 0 0 0 3 

Scootmobile 3 2 0 0 5 

Wheelchair 0 0 1 0 1 

Bedridden 0 0 1 0 1 

Total 8 3 9 1 21 

 
 Benefits Telecare, related to product    

 Alarm Direct contact 

care 

Contact 

family 

See each 

other 

Service  

Mobility level      

Good 1 5 0 0 1 7 

With difficulty  0 0 1 0 0 1 

Walker 2 0 0 1 0 3 

Scootmobile 1 2 0 0 0 3 

Wheelchair 1 2 0 0 0 3 

Bedridden 1 0 0 0 0 1 

Total 6 9 1 1 1 18 
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People using a walker are most concerned about the correct functioning of the system 

and whether there are useful services available. Other people are concerned about 

costs and user-friendliness.  

 

Table 5.19: Mobility level and its effect on the reason to continue the use of telecare. 

 

 Reason (2) to continue, related to product (post-test-1)  

 Alarm Contact family See each other  

Mobility level     

Good 0 2 1 3 

With difficulty  2 0 0 2 

Walker 0 1 0 1 

Scootmobile 0 2 0 2 

Wheelchair 0 0 1 1 

Total 2 5 2 9 

 
 Reason to continue, related to usage (post-test-1)   

 Should 

work / 

function 

Useful 

services / 

functions 

User-

friendly 

Costs  

Mobility level      

Good 1 0 0 2 3 

With difficulty  0 1 1 0 2 

Walker 2 3 0 0 5 

Scootmobile 0 0 1 2 3 

Wheelchair 0 0 0 1 1 

Total 3 4 2 5 14 

 
 Reason to continue (post-test-2)   

 Feeling of 

safety, 

security 

Direct 

contact 

care 

See 

each 

other 

Contact 

family 

Alarm None  

(not yet) 

Mobility level       

Good 3 4 0 0 1 2 10 

With difficulty  1 0 1 1 1 2 6 

Walking stick 0 1 0 0 0 0 1 

Walker 3 0 0 1 0 2 6 

Scootmobile 2 3 0 0 0 1 6 

Wheelchair 0 2 0 0 1 0 3 

Bedridden 0 0 0 1 0 0 1 

Total 9 10 1 3 3 7 33 

 
Table 5.19 continues om next page 
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 Reason to continue, related to product (post-test-2)   

 Alarm Direct 

contact care 

Contact 

family 

See each 

other 

 

Mobility level      

Good 1 5 0 0 6 

With difficulty  0 0 2 1 3 

Walking stick 1 0 0 0 1 

Walker 0 0 1 0 1 

Scootmobile 0 3 0 0 3 

Wheelchair 1 1 0 0 2 

Bedridden 0 0 1 0 1 

Total 3 9 4 1 17 

 

 

For post-test-2, we also found a significant difference for people with different 

mobility levels in their reasons to continue the use of telecare (asymm. λ=0.261, p<.01). 

Participants who said they did not have a reason (yet) to continue the use, were 

mainly people without mobility aids. The possibility to directly contact care was the 

main reason to continue the use for participants with a scootmobile or a wheelchair. 

For the product specific reasons to continue the use of telecare we also found that 

participants with good mobility, as well as those in a wheelchair or scootmobile 

mentioned the direct contact as main reason. People with minor mobility problems 

mentioned the contact with family as well as the video-communication as product 

specific reason to continue the use (asymm. λ=0.625, p<.05). 

Health-related daily constraints 

With various statistical tests we tested whether the benefits of using the telecare 

system were different for people who mentioned to suffer from certain health 

problems than for others. As hypothesized, the tests showed that health-related 

constraints that cause difficulties in daily  

life increase the need for telecare, and therefore increase the beneficial outcome effects 

of the technology for those people.  

 

Several daily constraints negatively influenced the level of well-being. Mann-Whitney 

U tests (post-test-2; n=35) revealed that people suffering from lung problems stated a 

lower well-being (vitality) than people without these problems (mean rank 12 vs. 20, 

p<.05); people using medication on a daily basis also stated a lower vitality level (mean 

rank 15 vs. 27; p<.01); and people with memory loss had a significantly lower score on 

vitality as well as mental health (mean rank 9 vs. 21, p< .01) than people not suffering 

from these health-related daily constraints. 
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Table 5.20: Significance level of the interaction between health-related daily constraints 

and well-being. 

   Well-being 

Daily constraints 

/ Health problems: 

n  Vitality Mental 

Health 

Well-being 

Total 

Respiration 

yes 

no 

 

7 

24 

Group 

Time 

Interaction 

p<.01 

ns 

ns 

p<.01 

ns 

p<.05 

p<.01 

p<.10 

ns 

Rheumatism 

yes 

no 

 

7 

24 

Group 

Time 

Interaction 

ns 

p<.05 

p<.10 

ns 

ns 

ns 

ns 

p<.05 

p<.10 

Mobility 

yes 

no 

 

10 

21 

Group 

Time 

Interaction 

ns 

p<.05 

p=.10 

ns 

ns 

ns 

ns 

p<.10 

ns 

Heart 

yes 

no 

 

7 

24 

Group 

Time 

Interaction 

p=.10 

p<.05 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Medicine 

yes 

no 

 

22 

9 

Group 

Time 

Interaction 

p=.05 

p<.10 

ns 

ns 

ns 

ns 

p<.10 

ns 

ns 

Memory 

yes 

no 

 

4 

27 

Group 

Time 

Interaction 

p<.05 

ns 

ns 

p<.01 

ns 

ns 

p<.001 

ns 

ns 

 

 

With a repeated measures analysis we tested whether the well-being of people 

suffering from certain health-related daily constraints increased more due to the 

telecare system than others (see Table 5.20). Repeated measures revealed that the 

mental health of people suffering from lung diseases (respiration) increased over time, 

while it stayed the same for people without respiration problems (interaction effect 

F=3.97; df=2; p<.05, between-subjects effect F=12.78; df=1; p<.01). The system thus 

seems to be beneficial for the mental health of lung patients. Vitality increased (time 

effect F=4.77; df=2; p<.05) marginally more for people suffering from rheumatics 

(interaction effect F=2.71; df=2; p<.10). For people suffering from mobility problems, 

their vitality also increased marginally more over time than for people without 

mobility problems (interaction effect F=2.40; df=1; p=.100). The vitality significantly 

increased over time (F=4.59; df=2; p<.05). There was also a marginal difference between 

people with and without heart problems. Their vitality significantly increased over 

time (F=3.69; df=2; p<.05), marginally more for heart patients (between-subjects effect 

F=2.86; df=1; p=.10). Also, the well-being was found to be lower for people using 

medicine, as well as for those who have difficulties with their memory. 
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Other beneficial outcome effects we tested for were the feeling of safety, 

independence, and independent living. There were several significant effects found for 

health-related daily constraints on feeling of safety and independence by 

nonparametric Mann-Whitney U- tests.  

For post-test-1, it was found that participants suffering from rheumatics experienced a 

higher feeling of safety due to the care centre (mean rank [m.r.]: 31 vs. 21; U=88.00; 

p<.05). People with mobility problems feel more independent due to the care centre 

(m.r.: 29), than people without mobility problems (m.r.: 21). This difference is 

significant (U = 100.00; p<.05). Tests also showed that people with back problems feel 

more independent due to the personal alarm (m.r.: 35), than people without back 

problems (m.r.: 24). This difference is significant (U = 70.00; p<.05). They also feel more 

independent (m.r.: 30 vs. 21) thanks to the care centre (U = 68.00; p<.10), and their 

feeling of safety is increased (m.r.: 14) thanks to family contact, marginally more (U = 

14.50; p<.10) than for people without back problems (m.r.: 9). However, people who 

are hearing impaired experience less increased safety due to the personal alarm (m.r.: 

7), than people without hearing difficulties (m.r.: 26) (U = 11.00, p<.05).  

Apparently, people with mobility problems, back problems, or suffering from 

rheumatics have experienced more beneficial outcome effects of the system, than 

people without these constraints, while hearing difficulties may decrease the beneficial 

outcome effects (see Table 5.21). 

 

Table 5.21: Mean ranks of participants (n) with and without health-related daily 

constraints on feeling of safety and independence (post-test-1). 

  

Feeling of safety 

Feeling of 

independence 

Daily constraints / 

Health problems: 

Care 

centre  

Alarm Family 

contact 

Care 

centre 

Alarm 

Rheumatism       yes 

no 

30.50   (8)  

21.38 (37) 

- - - - 

Mobility              yes 

no 

- - - 28.89   (9) 

20.86 (35) 

- 

Back, hip, legs    yes 

no 

- - 13.88   (4)  

8.97  15) 

30.17   (6)  

21.29 (38) 

34.83   (6) 

23.63 (43) 

Hearing               yes 

no 

- 7.00   (2) 

25.77 (47) 

- - - 

 

 

In the second post-test, the expected effects became even more apparent. Mann-

Whitney U nonparametric tests show that people suffering from diverse daily health-

related constraints differed in their experience of telecare benefits from people not 

suffering from these constraints (see Table 5.22). 
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Table 5.22: Mean ranks of participants (n) with and without health-related daily 

constraints on feeling of safety, independence, and independent living (post-test-2). 

 

 Feeling of safety Feeling of independence 

Daily constraints / 

Health prob.: 

Care 

centre 

Welfare 

service 

Bank 

service 

Welfare 

service 

Bank 

service 

Respiration      yes 

no 

- 13    (3) 

  8  (13) 

13    (1) 

  7  (12) 

14    (3) 

  8  (13) 

13    (1) 

  7  (12) 

Rheumatism    yes 

no 

- 13    (3) 

  8  (13) 

13    (1) 

  7  (12) 

14    (3) 

  7  (13) 

- 

Mobility           yes 

no 

- 13    (4) 

  7  (12) 

- 14    (3) 

  7  (13) 

- 

Back, hip, legs yes 

no 

- 15    (2) 

  8  (14) 

13    (2) 

  6  (11) 

- - 

Hearing            yes 

no 

  8    (3) 

18  (31) 

- - - - 

 

 Feeling of independent living 

Daily constraints / 

Health prob.: 

Care 

centre 

Alarm Welfare 

service 

Bank 

service 

Respiration      yes 

no 

- - 14    (3) 

  8  (14) 

- 

Rheumatism    yes 

no 

- 25    (8) 

16  (27) 

14    (3) 

  8  (14) 

- 

Mobility           yes 

no 

- - 13    (4) 

  8  (13) 

11    (3) 

  6  (10) 

Hearing            yes 

no 

  8    (3) 

18  (31) 

-   3    (2) 

10  (15) 

  3    (2) 

10  (11) 

 

 

People with respiration problems differed in their feeling of safety, due to the welfare 

service (mean rank [m.r.]: 13 vs. 8; U=7.50; p<.05, 2-tailed) and the bank service (m.r.: 

13 vs. 7; U=0.00; p<.05, 2-tailed) from people without respiration problems. Their 

feeling of independence was also increased by the welfare service (m.r.: 14 vs. 8; 

U=4.50; p<.05, 1-tailed). The welfare service also increased the possibility to live 

independently for these people (m.r.: 14 vs. 8; U=7.50; p<.05, 1-tailed).  

People with rheumatism felt marginally safer than people without these constraints, 

thanks to the welfare service (m.r.: 13 vs. 8; U=7.50; p<.05, 2-tailed; p<.10, 1-tailed) and 

bank service (m.r.: 13 vs. 7; U=0.00; p<.05, 2-tailed; p<.10, 1-tailed). The welfare services 

also increased people’s feeling of independence (m.r.: 14 vs. 7; U=4.50; p<.05, 1-tailed) 

significantly more.  Independent living was facilitated by means of the alarm (m.r.: 25 
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vs. 16; U=52.00; p<.05, 1-tailed) and the welfare service (m.r.: 14 vs. 8; U=7.50; p<.05, 1-

tailed) for these people more than for others.  

People suffering from mobility constraints experienced more safety (m.r.: 13 vs. 7; 

U=6.00; p<.05, 1-tailed), more independence (m.r.: 14 vs. 3; U=4.50; p<.05, 1-tailed), and 

marginally more the possibility to live independently (m.r.: 13 vs. 8; U=12.00; p<.10, 1-

tailed) than others, thanks to the welfare service. The bank service also increased the 

potential of independent living for these people (m.r.: 11 vs. 6; U=4.50; p<.05, 1-tailed).  

Eventually, people suffering from back problems experienced an increased feeling of 

safety, more than people without back, leg, or hip problems, due to the welfare service 

(m.r.: 15 vs. 8; U=2.00; p<.01, 2-tailed; p<.05, 1-tailed) and the bank service (m.r.: 13 vs. 

6; U=0.00; p<.01, 2-tailed; p<.05, 1-tailed).  

However, the care centre functionality increased the feeling of safety more for people 

without hearing problems (m.r.: 8 vs. 18; U=18.00; p<.05); and independent living was 

facilitated more for people without hearing problems than for people with these 

problems, by means of the care centre (m.r.: 8 vs. 18; U=16.50; p<.05), welfare service 

(m.r.: 3 vs. 10; U=3.00; p<.05), and bank service (m.r.: 3 vs. 8; U=3.00; p=.05).  

 

Concerning the evaluation of the product, or functionality, there is a moderate 

association between whether people suffer from diabetes and their most important 

reason to continue the use of the system. The personal alarm in that case is the most 

important reason to continue (λ=0.167; p<.10). Also the same kind of association was 

found for people with back problems. Also for them, the most important reason to 

continue the use of the system is the personal alarm (λ=0.167; p<.10). 

 

Regarding the evaluation of usage, some effects were found for health-related 

constraints on the enjoyment of functionalities. The care centre functionality was 

enjoyed more by people suffering from rheumatics, than people without these 

constraints (post-test-1: mean rank: 28 vs. 20; U=84.50; p=.05). The bank service was 

enjoyed marginally more by participants with diabetes (post-test-1: mean rank: 10 vs. 

6; U=9.00; p<.10). Hearing difficulties, however, reduced the enjoyment of the care 

centre (post-test-2: mean rank: 8 vs. 18; U=17.00; p<.05) as well as the online 

information (post-test-2: mean rank: 5 vs. 2; U=0.00; p<.05, 2-tailed). 

 

The findings presented here, show that the telecare services were not very effective in 

increasing the well-being of people with certain health-related constraints more than 

of people without constraints. Only the mental health of lung patients and vitality of 

rheumatic patients and mobility impaired participants increased significantly more 

during the test than of those without these constraints.  

Moreover, as hypothesised, needs (daily constraints) indeed increase experienced 

benefits related to the telecare functionalities. Mainly the welfare oriented services, 

like the bank service and welfare service functionality, were more beneficial for people 

suffering from certain health-related constraints, than the care related functionalities, 

like the care centre and the personal alarm. Nevertheless, the alarm and care centre 
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functionality did increase the feeling of safety, independence and independent living 

for people suffering from back, hip, or leg problems, and rheumatics, significantly 

more than for people without these constraints. Hearing problems, however, are a 

limitation for experiencing the benefits. 

ADL restrictions 

The difficulties in daily life activities (ADL) were expected to increase the experienced 

benefits. A linear regression analysis showed that there was only a positive linear 

relationship between the ADL score and the enjoyment of the system usage. The more 

ADL were restricted, the more people enjoyed the care centre functionality (post-test-

1; n=42). The correlation coefficient was 0.43 (p<.01). The variance of the enjoyment can 

be explained for only 16.3% by the ADL score. No other statistical relationships were 

found for ADL score. 

Dependency level 

The items care indication, current health, health compared to the previous year, 

mobility level, and ADL restrictions were transformed1 into a ‘dependency level’ score 

[1-5; low score indicating good health]. Testing for Spearman’s correlations, we found 

that (for post-test-1) people with higher dependency levels enjoyed the use of the care 

centre functionality more than people with lower dependency scores (ρ=0.368, p<.05), 

comparable with the finding for ADL score. The functionality to contact the bank 

increased the feeling of safety for people who were more dependent (ρ=0.560, p<.05). 

However, they enjoyed the possibility to contact the family with the telecare system 

less than people with lower dependency levels (ρ=-0.802, p<.05). 

People who were more dependent (according to our ‘dependency level’ score) enjoyed 

the care centre the most, experienced an increased feeling of safety due to the bank 

service, and enjoyed the family contact less than people who were less dependent. The 

latter can be explained by the technical problems people experienced when using this 

functionality, which may have had the highest impact on people who were more 

dependent. 

 

Next, the effect of level of support on the beneficial effects of telecare is described. 

5.5.2 Level of support affecting benefits  

Marital Status 

People who are living in a single household were expected to be more care dependent 

and thus experiencing more benefits from the functionalities. However, single 

                                                             

1 Items were re-scaled into 5-point scales, all-in the same direction (low score indicating low 

dependency level). 
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household resulting from a recent divorce or a deceased spouse appeared to be 

different from a person who has principally lived in a single household. 

Repeated measures showed that the well-being of singles significantly decreased 

during the test period, while it stayed the same or increased for people who are 

married, divorced or widowed (interaction effect for mental health and time: F=5.06; 

df=6; p<.01 and for well-being (total) and time: F=4.50; df=6; p<.01). There were no 

other significant differences in well-being between groups with more or less contact or 

support. 

No significant differences were found between groups (marital status) in beneficial 

outcomes, except for the feeling of safety of the alarm (post-test-2). People who were 

divorced or were widowed had the highest feeling of safety due to the alarm (both 

mean rank 20), while married couples felt safer (m.r.: 18) than unmarried singles (m.r.: 

4) (Kruskal-Wallis test ²=10.38; df=3; p<.05). 

There were no significant differences for people with different marital status in reason 

to continue telecare use, the added value of the system, or mentioned benefits. 

Family Contact (Frequency) 

People who have more regular contact with their family were expected to experience 

less benefits from the functionalities than people with less contact. However, the only 

significant difference found between groups, was in the feeling of independence due 

to the care centre. People who had the most contact with their family and friends felt 

the most independent due to the care centre (mean rank [m.r].: 26). People who 

described their contact with the family as ‘not very often’ also felt an increased 

independence (m.r.: 23), while people who had ‘regular’ contact felt the least increase 

in independence due to the care centre (m.r.: 15). This result was not in the expected 

direction. Participants with the highest frequencies of having contact with their family 

or friends enjoyed the care centre functionality and the welfare service more than 

participants who mentioned family contact as ‘regular’ (see Table 5.23). 

 

Table 5.23: Feeling of independence (post-test-1) and enjoyment (post-test-2) depending 

on family contact frequency. 

 

Benefit:  Independence Enjoyment  

Functionality: Care centre Care centre Welfare service 

  Mean rank       (n) Mean rank       (n) Mean rank       (n) 

Frequency 

of family 

contact  

Very often 25.59 (29) 19.75 (24)   8.33 (12) 

Regular 15.00 (12) 12.10 (10)   2.50 (2) 

Not very 

often 

22.67 (3) -    -  

²  8.18  4.79  3.85  

Df  2  1  1  

Sign.  p<.05  p<.05  p=.05  
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We did not find any significant effects of family contact frequency on the reason to 

continue telecare use, the added value of the system, or mentioned benefits. 

Family contact (Satisfaction) 

People who are not that satisfied with the current contact with their relatives or want 

more frequent contact were expected to experience more benefits from the telecare 

system than others. Some differences were found between groups.  

For post-test-1, only a marginal difference was found in enjoyment of the family 

contact functionality. People who were ‘absolutely’ satisfied with their current family 

contact were enjoying the new possibility the most (mean rank [m.r].: 13), compared 

with people who said they were satisfied (m.r.: 8) and who answered neutrally to that 

question (m.r.: 4) (Kruskal-Wallis test ²=5.83; df=2; p<.10). However, this finding is in 

the opposite direction than expected. Apparently, people enjoyed the functionality of 

family contact more when they were already happy with the current contact (other 

than expected, and different than advertised by most video-communication suppliers). 

During post-test-2 there were differences found between people who were and were 

not that satisfied with their current family contact in the beneficial potential of the 

services for independent living. There was a significant difference in the effect of the 

welfare services increasing the possibility for independent living. People who were 

‘neutrally’ satisfied with their current family contact were most positive about the 

service (mean rank 16), compared to people who were satisfied (mean rank 12) and 

absolutely satisfied (mean rank 5) (Kruskal-Wallis test ²=10.15; df=3; p<.05). Only one 

person was not really satisfied with his/her current family contact and had a mean 

ranking of 3.    

The same trend was marginally found for the bank service (Kruskal-Wallis test 

²=7.15; df=3; p<.10), with mean ranks decreasing from neutrally satisfied (12), satisfied 

(8), to absolutely satisfied (3). Again the person who was not really satisfied with his 

family contact had a mean ranking of 3 (see Table 5.24). 

 

Table 5.24: Enjoyment (post-test-1) and feeling  of independent living (post-test-2) 

depending on family contact satisfaction (mean rank). 

 

Benefit:  Enjoyment Independent living  

Functionality: Family contact Welfare service Bank service 

  Mean rank       (n) Mean rank       (n) Mean rank       (n) 

Satisfied 

with 

family 

contact  

Absolutely 13.13 (8) 5.17 (6)   2.50 (12) 

Yes 8.15 (10) 11.50 (9)   7.94 (2) 

Neutral 3.50 (1) 15.50    (1) 12.00  

Not really -  3.00 (1) 2.50  

²  5.83  10.15  7.15  

Df  2  3  3  

Sign.  p<.10  p<.05  p<.10  
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Satisfaction with family contact was not a good predictor for the reason to continue 

telecare use, the added value of the system, or mentioned benefits, as no significant 

effects were found. 

Family Contact (More contact) 

People who are in need of more family contact were expected to experience more 

benefits from the services than people who do not need more family contact. The 

welfare service as well as the bank service seemed to increase the feeling of 

independence and independent living the most for people who are neutral about the 

amount of family contact they receive. As Table 5.25 shows, only people who are 

neutral about their need for more contact experienced the highest benefits. Maybe 

these people did not want to express their need (for more family contact), but 

appeared to benefit the most anyway.  

The need for more contact did not significantly affect the evaluation of the telecare 

system (reason to continue telecare use; added value of the system; mentioned 

benefits; or problems).  

 

Table 5.25: Feeling of independence (post-test-2) and independent living (post-test-2) 

depending on need for family contact. 

 

Benefit:  Independence Independent living 

Functionality: Welfare 

service 

Bank service Welfare 

service 

Bank service 

  Mean rank   (n) Mean rank   (n) Mean rank   (n) Mean rank   (n) 

Need 

more 

family 

contact  

Yes 7.90 (5) 7.25 (4) 8.10 (5) 5.00 (4) 

Neutral 13.50 (3) 9.88 (4) 14.00 (4) 10.88 (4) 

No 7.00 (8) 4.50 (5) 7.06 (8) 5.50 (5) 

²  4.86  5.64  6.11  6.65  

Df  2  2  2  2  

Sign.  p<.10  p<.10  p<.05  p<.05  

 

Personal alarm  

A small part of the research group had experience with using the personal alarm. They 

were expected to be more care dependent than people with no personal alarm (before 

the study). However, we only found a few significant differences in experienced 

benefits between the groups. The enjoyment was experienced slightly differently 

between groups: people without an alarm enjoyed the family-contact functionality 

(post-test-1) marginally more (mean rank [m.r.]: 12) than people who previously had 

an alarm (m.r.: 8) (U = 26.00; p<.10). The possibility to contact the local bank was 

enjoyed significantly more (post-test-1) by people who had a single alarm unit in their 
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home (m.r.: 12), than people without an alarm (m.r.: 7) and people with two alarm 

units (m.r.: 5) (Kruskal-Wallis test ²=6.71; df=2; p<.05). These findings may indicate 

that the family-contact functionality is more relevant for people who were not using 

an alarm unit yet, while the bank service – that was evaluated by the users as more 

relevant for people who cannot go to the bank that easily – is more relevant for people 

who already have accepted their ‘situation’ by using an alarm. 

In the post-2 test we found a significant difference between the groups (having either 

0, 1, or 2 alarm units) in the feeling of independence thanks to the welfare service. The 

possibility to contact the welfare organisation for services increased the feeling of 

independence significantly more when people had two alarm units (m.r.: 12), than 

when people had one alarm unit in their home (m.r.: 10), or none (m.r.: 8) (Kruskal-

Wallis test ²=5.98; df=2; p=.05). 

In post-test-1 we found a significant correlation between having an alarm and 

experienced problems with it (Pearson’s 2=6.619, p<.05), although people who had no 

alarm before had the least problems. There was also a significant difference found 

between people who did or did not have an alarm unit before the test in the need for 

changes in the used alarm button. In post-test-2, people who had no alarm button 

before (m.r: 20.82) requested more strongly for changes, than people who already had 

experience with an alarm button (m.r.: 15.44, and m.r.: 9.70 with two units) (Kruskal-

Wallis test ²=6.033; df=2; p<.05).  

There were no other significant differences found between people with no, one, or two 

alarm units in reasons to continue telecare use, the added value of the system, or 

mentioned benefits. 

5.5.3 Lacking benefits affecting beneficial experiences 

We tested whether participants who mentioned lacking benefits (categorized by the 

researcher into: safety, care & cure, social contact, and tele-services) had other 

beneficial experiences with the telecare system, than those who did not mention any 

lacking services or functionalities. Indeed, we found some significant differences (t-

test, see Appendix X).  

 

First, participants who mentioned the need for care and cure services in the pre-test 

experienced less increased safety by the care centre functionality and family contact 

functionality, and less independence by the bank service in the first post-test. The 

expectations on care and cure services probably resulted in lower benefits of the 

telecare system for these people, as the system had rather limited care functionalities. 

However, participants who had mentioned tele-services as possible functionalities 

(pre-test) experienced a higher feeling of independence due to the alarm button in 

post-test-1. Apparently, the alarm button provided benefits for people who would also 

appreciate more tele-services at home.  

 

Participants who mentioned safety services as lacking benefits of the telecare system, 

in post-test-1, experienced fewer benefits (independence and enjoyment) of the bank 
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service in post-test-1, and fewer benefits of the care centre (safety, independence, and 

independent living) and the personal alarm (independent living) in post-test-2. These 

functionalities apparently did not offer the safety functionalities these participants 

were looking for. Participants who mentioned the need for more tele-services (post-

test-1) felt less independent due to the bank service (post-1) and the care centre (post-

test-2). The bank and the care centre service thus seem less beneficial for participants 

who mentioned the need for more safety and tele-services (in post-test-1). On the other 

hand, participants who mentioned the need for more care and cure services in post-

test-1 experienced a higher feeling of safety due to the care centre functionality in post-

test-2. Also, participants who wanted more social contact in post-test-1 experienced 

more safety (post-test-1) due to the care centre and more independence (post-test-2) 

due to the personal alarm than people who did not mention these lacking 

functionalities. Apparently, participants who mentioned the need for more care and 

cure services as well as more social contact (in post-test-1) experienced the benefits of 

the care centre and the alarm button more. The care centre service thus seems to 

increase the feeling of safety for people who want (more) care and cure related 

services at home and (more) social contact, while it does not support security related 

services. The alarm button also seems to be useful for people who mentioned a lack of 

social contact functionalities, as they might be looking for a feeling of reassurance 

(thanks to the alarm button). 

 

After one year of use, in post-test-2, the functionalities of the telecare system seemed to 

fit better to the needs of the participants. People who mentioned the need for more 

safety services did not experience the benefits of the system differently than others. 

However, participants who mentioned a lack of care and cure services in post-test-2 

experienced more benefits of the care centre (enjoyment in post-test-1, safety and 

enjoyment in post-test-2), the welfare service (enjoyment in post-test-2), the bank 

service (independence in post-test-2) and the alarm button (independence in post-test-

2). People who wanted more social contact services (post-test-2) had also enjoyed the 

care centre functionality in post-test-1 more than others. Participants who mentioned 

the need for more tele-services (post-test-2) had enjoyed the bank service in post-test-1 

less than others. Apparently, most functionalities of the telecare system were most 

beneficial in post-test-2 for people who recommended an extension of the care and 

cure services.  

 

Overall, the bank service seemed not to cover those tele-services suggested by the 

participants, while the care centre seemed less beneficial for people who wanted safety 

functionalities. Nevertheless, at the end of the study (post-test-2), those participants 

mentioning lacking care and cure functionalities for the telecare system benefited most 

from the currently offered functionalities of the system. These lacking benefits not only 

show the relevance of good communication regarding the benefits that certain 

functionalities bring, it can also be helpful in determining, designing, and organizing 

valuable services and functionalities of a telecare system. 
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Additionally, in a crosstab analysis, testing for asymmetrical Lambda, we tested for 

differences in product evaluations (as an indicator of telecare system benefits) between 

participants who did and did not mention lacking benefits. Almost no significant 

effects were found, but for participants who did or did not mention the need for more 

care and cure services (post-test-2) we found a significant difference in the reason to 

continue the use of the telecare system (crosstab analysis: asymm. λ= .308, p<.05). 

People mentioning care and cure lacking services were more inclined to continue the 

use of the telecare system for their feeling of safety, while others mainly continued 

because of the feeling of reassurance, or otherwise the feeling of safety, or they had no 

reason to continue (see Table 5.26).  

 

Table 5.26: Lacking benefits (Care & Cure; post-test-2) and its effect on the reason and 

needed change to continue. 

 
Lacking benefits Reason to continue: None Safety Reassurance 

Care & Cure  yes    1    4    0 

 no    4    4  10 

 

 

Finally, using independent samples t-tests, we compared usefulness ratings (means) 

between participants who did and did not mention potential (lacking) functionalities. 

We found that participants who mentioned the need for more social contact 

functionalities in the pre-test rated the functionality to contact other telecare users 

significantly higher (µ=7.50 vs. µ=2.67 on a scale from 0-10, t=-5.209, df=6.792, p<.01). 

Also, participants who mentioned the need for other tele-services in post-test-1 rated 

the functionality of contacting services over the telecare system significantly higher 

(µ=8.50 vs. µ=4.36, t=-2.363, df=11, p<.05). For people who are indeed looking for these 

functionalities, the offered functionalities on the telecare system are rated as more 

useful than for others. This emphasizes the importance of a good fit between needs 

and benefits. 

 

5.6 Testing the effect of Telecare Benefits on Use 

 

Before the effects of experienced telecare benefits on actual system and functionality 

use are analysed, an overview of use and purchase percentages is given. 
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5.6.1 Telecare use and acceptance 

Use of system and functionality 

As a local bank was one of the project partners, they were interested in the potential 

for their services of bringing money to the people at home, and screen-to-screen 

contact with the local bank. Participants were therefore asked to rate the expected use 

of the money transfer service, as well as video contact service. Only 25-30% of the 45 

participants were expecting to make use of these services (pre-test). Later on in the 

project, the limited use of these services became apparent (see Table 5.27; 5.28: ‘Bank 

service’).  

 

Table 5.27: Number of participants mentioning the absolute (total) usage rate (and 

relative percentages) of the telecare functionalities during the test period. 

 

 

Functionality  

Usage 

rate 

0  1-3  4-10  Tot. 

Care centre Post-t-1 13  (27.1) 26  (54.2) 9  (18.8) 48 

 Post-t-2 4  (26.7) 7  (46.7) 4  (26.7) 15 

Alarm Post-t-1 26  (55.3) 21  (44.7) -  47 

 Post-t-2 26  (83.9) 5  (17.1) -  31 

Family contact Post-t-1 3  (15.8) 8  (42.2) 8  (42.2) 19 

Post-t-2 2  (28.6) 4  (57.2) 1  (14.3) 7 

Bank service Post-t-1 16  (64.0) 9  (36.0) -  25 

 Post-t-2 11  (57.9) 8  (42.1) -  19 

Welfare service Post-t-2 24  (80.0) 6  (20.0) -  30 

Local council Post-t-2 8  (88.9) 1  (11.1) -  9 

Contact others Post-t-2 3  (100.) -  -  3 

Online info Post-t-2 24  (85.7) 4  (14.3) -  28 

Telecare system Post-t-2 4  (30.8) 8  (61.6) 1  (7.7) 13 

 

 

We intended to measure the actual usage of all telecare functionalities both 

subjectively and objectively. Unfortunately, objectively generated usage data could not 

be provided by the project organization at the end of the study. Therefore, no objective 

log-files of functionality use were available for analysis. In Table 5.27 the answers are 

presented to the question: “How often have you used this functionality in total?”. In 

post-test-1 almost half of the participants said they had used the alarm button some 

time, but this was mainly to test, try, or demonstrate the system during that first 

period. 

 

Table 5.28 shows the extremely low usage frequencies of the telecare functionalities; 

the answer to the question how often participants used the functionality on a 5-point 



A n a l y s i n g  T e l e c a r e  A c c e p t a n c e  a n d  U s e                    177 

 

scale. Each functionality is hardly ever used during the test period. Only a small group 

of participants had regular contact with the care centre or with their family. 

 

Table 5.28: Stated usage frequencies of the telecare functionalities. 

 

 Usage frequency  not  

 

 

Functionality 

(almost) 

every 

day 

(almost) 

every 

week 

(almost) 

every 

month 

(almost) 

never 

 working 

/ not 

installed 

 

Tot. 

Care centre 4 2 1 29 - 36 

Alarm 1 - - 35 - 36 

Family contact 

    (Postt1) 

 

- 

 

2 

 

3 

 

13 

 

17 / 12 

 

47 

    (Postt2) - 2 - 5 17 / 12  36 

Bank service - - - 36  36 

Welfare service - - 1 35 - 36 

Local council - - 1 35 - 36 

Contact others - 2 1 4 29 (ni) 36 

Online info - 1 1 34 - 36 

Telecare system 4 2 5 26 - 37 

 

 

Participants were also asked whether they used the alarm button on a daily basis, by 

wearing it around their neck, having it lying in the living room, taking it to the 

bedroom every night, or having it put away. Only 8 persons (23%) wore the necklace 

in the proper way, instead of putting it somewhere in the living room or bedroom. 

Wearing an alarm button seems to be a problem, as 60% of the participants indicated 

to have the alarm button somewhere nearby in the living room. Another 60% had the 

alarm button in the bedroom at night. 

 

Table 5.29: Number of participants that keep their personal alarm button in a certain 

location. 

 
Location alarm  n n (%) 

Every day (as a necklace) 8   (22.9) 

 And taking it to the bedroom every night  5  

Living room  21   (60.0) 

 And taking it to the bedroom every night  10  

 And taking it along to risky places  1  

Bedroom  5   (14.3) 

Put away  1   (2.9) 

Total  35   (100.0) 
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Intention and actual purchase 

Buying the telecare system is considered as one of the variables that indicates 

technology acceptance. As the purchase of the system is related to costs, the 

willingness to pay for the system as well as the intention to buy the system was 

analysed. 

In the second post-test 36 participants were asked what functionalities they were 

willing to spend money on. Only nine people (25%) wanted the telecare system as a 

whole, one (2.8%) wanted to pay for the screen-to-screen contact with the care centre, 

and nine others (25%) were only willing to pay for the alarm functionality. Almost 

50% thus was not willing to pay for the system or for any of its functionalities. 

Participants were additionally asked to define the probability that they would buy the 

telecare system, and the conditions their intention would depend on (see Table 5.30). 

 

Table 5.30: Number of participants with the intention to buy the telecare system, and the 

conditions it depends on. 

    Depending on 

 

Intention to 

buy 

 

n 

 

(%) 

Costs Functions 

properly 

Only 

alarm 

User-

friendli-

ness 

Social 

pressure 

Not 

yet 

Yes, definitely 5 (13.9) -     - - - - - 

Yes, depending 

on / only if … 

15 (41.7) 12 3 1 2 - - 

Maybe, but/ if 

… 

4 (11.1) 2 2 1 - -  

Probably not, 

because … 

8 (22.2) - 1 2 - 1 6 

Definitely not, 

because … 

4 (11.1) - 1 1 - - 2 

Total 36 (100.) 14 7 5 2 1 8 

 

 

Only five participants were definitely going to buy the system, while 15 participants 

were still considering it, mainly depending on costs. The fact that the technology did 

not function completely well was also an important reason to reconsider the purchase 

of the system. Most people who were sure about cancelling the use of the system 

mentioned their own situation as the reason: they did not need the offered telecare 

functionalities yet. The relation between the intention to buy the system and the 

condition on which it would depend was found to be significant (2=30.38; df=12; 

N=30; p<.01) (φ=1.006; p<.01). Considering it as a dependent variable, the intention to 

buy was also significantly related to the condition (asymm. λ=0.500; t=2.852; p<.01). 

Costs were clearly an issue for people who had a strong intention to buy the system, 
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while a lack of fit (“Not yet”) was a strong reason not to continue the use, e.g. not 

buying the telecare system. 

 

In addition to the intention to buy the system, participants were asked about the 

probability to take the system with them, if they would get in the situation of moving. 

Things that people would take along with them are considered to be important and 

valuable, and thus a good indicator of acceptance. However, many participants 

considered the question irrelevant, as the only reason to move in the future would be 

them moving to a retirement home or care home. In that situation the technology 

would no longer be necessary. Nevertheless, the answers to the question are still 

interesting to show here (see Table 5.31). More than 50% of the participants would take 

the technology along with them. Only 25% would not. 

 

Table 5.31: Number (and %) of participants having the intention to keep the telecare 

system, when moving. 

 
Taking along with you n (%) 

Yes, definitely 7 (20.0) 

Yes 11 (31.4) 

Yes, if it functions properly 2 (5.7) 

Don’t know 2 (5.7) 

Not necessary in care home 4 (11.4) 

No 9 (25.7) 

Total 35 (100.0) 

 

 

The actual purchase result at the end of the test period was that 15 participants (38.5%) 

continued the use of the system, of whom six paid for the telecare system, and nine 

had a health indication and got the system for free. Twenty-four participants cancelled 

the use of the telecare system, but eight of them continued the use of the alarm button. 

5.6.2 Effects of Beneficial outcome effects on Use 

Hypothesis 2 states that expected and experienced telecare benefits increase eventual 

use. This effect has been tested and is described in the following sections. However, 

low beneficial outcome effects, and low product and use evaluations (see section 5.4) 

may have negatively affected the use and purchase rates. 

In this section the effect of experienced beneficial outcome effects (increased well-

being; safety; independence; independent living; and mentioned benefits) on telecare 

use (frequency; willingness to pay for; taking along when moving; and probability to 

continue use) is described.  
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Well-being  

The changes in well-being (from pre-test to post-test-1, and from pre-test to post-test-

2) did not significantly affect the (absolute) usage frequencies of the various telecare 

functionalities (Kruskal-Wallis tests). The changes in well-being however, did in some 

ways affect the participants’ willingness to pay for the system, their probability to 

continue the use, their idea about taking the system along with them when moving, as 

well as their actual continuation of telecare use. In a crosstab analysis, testing for 

asymmetrical Lambda, we found that participants with a decrease in their mental 

health (T0-T1) were more willing to pay for the total telecare system, while people with 

comparable or increased mental health over time were more inclined to pay for the 

alarm button (assym. λ=0.556; t=2.631; p<.01). This effect was marginal for vitality (T0-

T2) (assym. λ=0.556; t=1.812; p<.10). However, people with increased mental health (T0-

T2) eventually had a higher probability to continue the use of telecare after the test 

period (‘yes / depending on…’) than people with the same or decreased mental health 

level (‘probably not / not’) (assym. λ=0.300; t=2.277; p<.05) (again, marginal for vitality 

(T0-T1)).  

Positive changes in well-being (increased mental health and vitality) seemed to 

increase the probability for participants to take the telecare system along with them 

when moving. Despite significant cross tab results, the numbers were too small for 

conclusions. Changes in mental health over time also had a significant effect on actual 

continuation. Those who experienced no or little change in their mental health stopped 

using the telecare system (T0-T1: assym. λ=0.300; t=2.272; p<.05; T0-T2: assym. λ=0.409; 

t=2.753; p<.01). 

Feeling of safety, independence, and independent living  

Additionally, we tested the effect of experienced benefits of the functionalities (feeling 

of safety, independence, independent living) on the usage frequencies of these 

functionalities. Kruskal-Wallis tests revealed a significant effect of experienced feeling 

of safety (post-test-2) of the care centre functionality on relative usage frequencies of 

this functionality. The family contact post-test-2 usage frequency was marginally 

influenced by experienced feeling of safety (post-test-1 and 2). Effects are shown in 

Table 5.32. For the alarm button, we did not find effects of benefits on usage 

frequency. 
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Table 5.32: Care centre and family contact increased feeling of safety, and its effect on 

usage frequencies (post-test-2). 

 

Care centre Family contact 

Usage freq.  

(low rank ≈ high freq.) 

Usage freq. 

(low rank ≈ high freq.) 

Usage freq.  

(low rank ≈ high freq.) 

Safety 

(post-t-2) 

 

n 

Mean 

rank 

Safety  

(post-t-1) 

 

n 

Mean 

rank 

Safety 

(post-t-2) 

 

n 

Mean 

rank 

Very much 1 7.00 A lot 2 1.50 Indeed 3 2.33 

Indeed 10 11.50 Indeed 2 6.75 Not at all 4 5.25 

A lot 2 14.25 Not at all 8 8.12    

A little 6 19.25 A little 1 9.50    

Not at all 15 21.93       

2=9.563 df=4 p<.05 2=6.720 df=3 p<.10 2=3.500 df=1 p<.10 

 

 

Despite the low number of participants who answered the questions concerning bank 

service, welfare service, local council, contacting other users, and online info usage 

frequencies, we did find some effects of benefits on use. Participants who experienced 

an increased feeling of safety due to the bank service used the function more 

frequently, than people who said the bank service did not increase their feeling of 

safety at all (see Table 5.33). The welfare service and online info increased the feeling 

of independence and independent living, which resulted in higher usage frequencies 

(see Table 5.33). 

 

Table 5.33: Increased feeling of safety, independence, independent living (post-test-2) 

and its effect on usage frequencies (post-test-2). 

 
Bank service Welfare service Online info 

Usage freq.  

(low rank ≈ high freq.) 

Abs. Usage freq. 

 

Usage freq.  

(low rank ≈ high freq.) 

Safety 

 

 

n 

Mean 

rank 

Indep. 

living 

 

n 

Mean 

rank 

Indepen-

dence 

 

n 

Mean 

rank 

Indeed 1 2.00 A little 6 10.33 A little 2 1.50 

A lot 1 2.00 Indeed 4 6.25 Not at all 4 4.50 

A little 11 7.91 Not at all 4 4.50    

2=7.273 df=2 p<.05 2=11.076 df=4 p<.05 2=4.800 df=1 p<.05 

 

 

We also conducted several Crosstab analyses to test the effects of beneficial outcome 

effects (feeling of safety, independence, independent living) on the use variables: 

willingness to pay for; the probability to continue telecare use and taking the system 
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along when moving; what the continuation will depend on; and the actual 

continuation of telecare use. 

Participants who experienced a higher feeling of safety (post-test-1) owing to the care 

centre functionality were more inclined to pay for the telecare system in total than 

those with lower experienced feeling of safety, who were more willing to pay for the 

alarm button alone (n=17; asymm. λ= .444; p<.05). In post-test-2 this effect was even 

stronger (n=19; asymm. λ=.700; p<.01) for feeling of safety. Participants experiencing 

an increased feeling of safety owing to the care centre continued the use of telecare 

more often than people who did not experience an increased feeling of safety (n=33; 

asymm. λ=.238; p<.05). We found a marginal effect for experienced feeling of 

independence (post-test-1) owing to the care centre on willingness to pay for either the 

telecare system or the alarm button (n=16; asymm. λ=.375; p<.10). This difference 

became significant in post-test-2 (n=19; asymm. λ=.500; p<.05).  

The effect of feeling safe owing to the alarm button (post-test-1) on the probability to 

continue was positive (n=32, asymm. λ=.200; p<.05). This feeling of safety also resulted 

more in continuing only the alarm, or having it depend on costs (n=26; asymm. λ=.312; 

p<.05). In post-test-2 this effect was still significant (n=35; asymm. λ=.250; p<.05). There 

was a significant effect between the feeling of safety of the alarm and taking the 

telecare system along when moving, but as the alarm functionality and the telecare 

system can be used separately no trend could be found in the Crosstab results. 

We did not find any other significant effects of beneficial outcome effects of family 

contact and tele-services (welfare service, bank service, local council, and online info) 

on the use variables. The only significant effect of experienced independence owing to 

the bank service (post-test-2) showed that participants who did not experience any 

increased feeling of independence due to the bank functionality said they would 

definitely continue the use of telecare, while those who experienced a slight increase 

would continue depending on costs (n=13; asymm. λ=.333; p<.05). These tele-services 

thus do not seem to contribute to the continuation of telecare use. 

There were not enough participants who used the functionality of contacting other 

users over the telecare system for Crosstab analyses. 

Benefits and added value of the system  

The experienced benefits of the telecare system, which participants mentioned in an 

open question, influenced some usage frequencies. The use of the family contact 

functionality depended (marginally in post-1 and significantly in post-test-2) on the 

benefits (n=20; Kruskal-Wallis 2 = 6.551; df=2; p<.05). Participants who said the 

telecare system increased the feeling of safety and made independent living possible 

did not use the family contact, while all other participants used the functionality more 

frequently. We found a comparable effect for outcome related benefits (n=28; K-W 2 = 

10.072; df=2; p<.01); participants who mentioned the ‘feeling of safety’ did not use the 

family contact functionality (mainly due to malfunctioning), participants who 

mentioned ‘no benefits’ had a low usage frequency, while those who benefited from 

‘reassurance’ had the highest usage frequency of the family contact. 
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For the bank service as well as the alarm button (absolute use) we found significant 

effects. Participants who described the benefits of telecare as ‘fun to use’ used the bank 

service most frequently; participants mentioning the ‘alarm’ as experienced benefit 

used the bank service a little; and those describing telecare benefits as ‘feeling of 

safety’, ‘reassurance’ or ‘none’ used the bank service the least (n=34; K-W 2 = 10.882; 

df=4; p<.05). The alarm button was most frequently used by those who mentioned this 

alarm as the main benefit that the telecare system brings; second most by those 

mentioning ‘reassurance’; and the alarm button was used least (in absolute terms) by 

those mentioning ‘fun to use’, ‘none’, or ‘feeling of safety’ as benefit (n=31; K-W 2 = 

13.408; df=4; p<.01). 

 

Crosstab analyses of telecare benefits on the probability to continue telecare use 

showed that people who experienced no benefits were less intended to continue than 

those who experienced benefits like ‘a feeling of safety’ or ‘reassurance’; asymm. λ= 

0.208; p<0.05 (outcome related: asymm. λ= 0.278; p<.05). If we take a closer look at the 

descriptions of what this probability to continue depends on, ‘costs’ are an issue for 

people who will probably continue the use, while ‘bad functioning’ and ‘not needing 

the telecare system (yet)’, or ‘having an alarm button is sufficient’, are the reasons not 

to continue the telecare use; asymm. λ= 0.294; p<.05 (outcome related: asymm. λ= 

0.250; p<.05) (see Tables 5.34 & 5.35). 

 

Table 5.34: Number of participants mentioning telecare benefits versus probability to 

continue. 

 Continue use after test     

 

Telecare 

benefits 

Yes, 

define-

tely 

Yes, 

depend. 

on costs 

Yes, but 

/ if… 

Maybe, 

but / 

if… 

Proba-

bly not, 

because 

Defini-

tely not, 

because 

 

 

Tot. 

None 1 0 2 2 4 3 12 

Feeling of 

safety 

0 2 0 0 1 0 3 

Reassurance 2 7 1 0 1 0 11 

Fun 1 0 0 1 0 0 2 

Alarm 1 1 1 1 1 1 6 

Total 5 10 4 4 7 4 34 

 

 

We also found a significant effect of the telecare benefits and whether people would 

take the telecare system along with them when moving. Again, people who 

experienced no benefits were less likely to take the system along with them, than those 

who experience benefits like a feeling of safety or reassurance (crosstab analysis: 

asymm. λ=.364; p<.01; outcome related benefits: asymm. λ=.33;, p<.05). There was a 

significant effect of benefits on the willingness to pay for certain telecare elements. 

Participants who did not experience any benefits or an increased feeling of safety were 
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only willing to pay for the alarm button, while the people who experienced a 

reassurance benefit or the alarm button as benefit would pay for the telecare system 

(asymm. λ=.700; p<.01). 

 

Table 5.35: Number of participants mentioning telecare benefits versus 

probability reasons (not) to continue. 

 
 Continue use depending on   

Telecare 

benefits 

Costs Functions 

properly 

Only 

alarm 

Not yet User-

friendly 

 

Tot. 

None 0 3 4 3 1 11 

Feeling of 

safety 

2 0 0 1 0 3 

Reassurance 7 0 0 1 1 9 

Fun 1 0 0 0 0 1 

Alarm 1 2 0 1 0 4 

Total 11 5 4 6 2 28 

 

 

The added value of the telecare system, mentioned by the participants, also influenced 

the telecare use. Kruskal-Wallis analyses revealed significant effects of added value on 

(post-test-2) usage frequencies. The findings are presented in Table 5.36.  

 

Table 5.36: Added value and its effect on usage frequencies (post-test-2; low mean rank 

means higher use freq.). 

 

Added value    

  Usage freq.   Usage freq. 

Telecare system n Mean rank Care centre n Mean rank 

Fun, pleasant 6 6.75 Fun, pleasant 6 9.50 

Always / 24/7 5 10.50 Always / 24/7 5 9.70 

Reassurance 5 19.00 Feeling of safety 6 16.00 

Feeling of safety 6 19.00 Nothing 7 19.36 

Nothing    7 19.00 Reassurance 5 19.60 

2=17.810 df=4 p<.01 2=9.394 df=4 p=.052 

 

 

When no added value was experienced, then usage frequencies were low. The use of 

the telecare system was also low for people who considered the alarm button as the 

only added value. A telecare system in such case is not necessary. Participants who 

considered it as pleasant and fun to see each other through the system used the 

telecare system, and the care centre functionality in particularly, more often than 
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others. The fact that people could contact the care centre 24 hours a day also 

contributed to a higher usage frequency. 

Additionally, we found some marginal effects of added value on the usage frequencies 

of the welfare and bank functionality, the information pages, and the possibility to 

contact other users. In all cases we found that people who mentioned the fun and 

enjoyment of using telecare as the added value would use these functionalities most 

frequently. 

The added value of the telecare system also influenced the participants’ willingness to 

pay for the system after the test period (asymm. λ=.556; p<.05, see Table 5.37). 

Participants who could not mention any added value were only willing to pay for the 

alarm button. Also, people who experienced a feeling of safety or the alarm as added 

value would pay for the alarm. An added value of reassurance and direct contact with 

the care centre resulted in the willingness to pay for the total telecare system. The 24/7 

availability of care also increased the willingness to pay for the telecare system, and to 

a lesser degree for contact with the care centre or only the alarm button. Participants 

who considered the added value of telecare as pleasant and fun were also willing to 

pay for the total telecare system. 

 

Table 5.37: Number of participants mentioning added value of the telecare system versus 

the willingness to pay for what. 

 

Added value Telecare system 

(total) 

Screen-to-screen 

contact care centre 

Alarm Total 

Nothing 0 0 4 4 

Feeling of 

safety / alarm 

 

1 

 

0 

 

2 

 

3 

Reassurance 3 0 1 4 

Always / 24/7 3 1 1 5 

Fun, pleasant 2 0 0 2 

Total 9 1 8 18 

 

 

The added value that the telecare system brought to the participants affected the 

probability to move it along with them (asymm. λ=.467; p<.01, see Table 5.38). A 

crosstab analysis revealed that if people did not mention any added value of telecare, 

they would not move the system along. The feeling of safety and reassurance resulted 

mainly in a definite move of the system (not necessary when moving towards a care 

home), while the one participant that mentioned independent living as added value 

said he would only take the system with him if it would function properly.  
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Table 5.38: Number of participants mentioning added value versus taking the system 

along when moving. 

 

 Take telecare system along when moving 

Added 

value 

Yes, 

definitely 

Yes  Yes, if it 

functions 

Do not 

know (yet) 

Not 

necessary  

No Tot. 

None 0 1 0 1 1 5 8 

Feeling of 

safety 

 

2 

 

0 

 

0 

 

0 

 

0 

 

1 

 

3 

Reassurance 2 5 0 0 2 0 9 

Independent 

living 

0 0 1 0 0 0 1 

Total 4 6 1 1 3 6 21 

 

 

It became clear that each function contributed to a different telecare benefit. 

Depending on what elderly users were looking for, the functionality that supports a 

certain benefit was used most frequently. 

5.6.3 Evaluation of the product and functionalities affecting Use 

Things to be changed  

The first way to test the effect of product evaluation on telecare use, was by analysing 

preferred changes of the telecare system effecting usage frequencies by means of 

Kruskal-Wallis analyses. Only for the ‘family contact’ functionality a significant effect 

of ‘preferred changes’ on ‘usage frequency’ was found (post-test-1; n=17; 2=11.067; 

df=4; p<.05). However, the effect was difficult to explain, as those participants who 

preferred changes, as well as those who absolutely did not prefer any changes had the 

highest usage frequencies.  

Relative importance  

During post-test-1 we asked our participants what functionality was most important 

to them. By means of a Kruskal-Wallis analysis we tested the effect of this ranking on 

the usage frequencies. Indeed, the use of the telecare system (post-test-2) was affected 

by the ratings (n=30; 2=8.295; df=3; p<.05). People who rated the alarm (including 

contact with care centre) as most important functionality used the telecare system the 

least frequently. Probably the alarm button was sufficient to support their most 

important need. People who mentioned the care centre as most important indeed used 

the telecare system most frequently. People who mentioned the family contact 

functionality as most important indeed used this functionality most often, while 

people who had mentioned the alarm and the care centre as most important had the 

lowest usage rates for family contact (n=29; 2=8.626; df=3; p<.05). A comparable effect 

was found for the care centre usage frequency (n=29; 2=9.976; df=3; p<.05). People 
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mentioning the care centre as the most important functionality indeed used this 

functionality more often than people who had mentioned the family contact or the 

alarm as most important functionality.  

The usefulness ratings (post-test-2) that people gave for the functionalities had an 

effect on several use and continuation variables. In cross tab analyses we found 

significant asymmetrical Lambdas for the probability to take the system along with 

you when moving as dependent variable. If the tele-services (n=12; λ=0.625; p<.05) or 

contacting others (n=10; λ=0.500; p<.05) were rated as useful functionalities, than there 

was a higher probability that people would take the system along with them when 

moving. In addition, if the care centre was rated as a useful functionality, there was a 

higher probability that people would actually continue the telecare use after the test 

period (n=25; asymm. λ=0.333, p<.05). There was also a significant effect of usefulness 

ratings of the family contact functionality on continuation (n=27; asymm. λ=0.389, 

p<.05). However, probably due to the problems with the family contact functionality, 

high usefulness rating did not result in continuation. Maybe participants expected the 

current system could not properly offer this useful functionality.  

Reason to continue  

By asking participants what would be their reason to continue the use of telecare we 

wanted to analyse the benefits of the telecare system, and its effect on telecare use.  

In post-test-1 the reasons for continuation participants mentioned that were related to 

product specific functionalities affected the absolute usage frequencies of the care 

centre functionality (post-test-1, n=30; 2=9.241; df=4; p<.10) and the frequency of 

visiting the information pages (post-test-2, n=24; 2=10.176; df=3; p<.05). The two 

participants who mentioned the services and the fact that they can see each other 

through the system as reasons to continue used the care centre functionality most 

frequently. People who mentioned the alarm and direct contact with care as most 

important reason used the care centre functionality less frequently, while for people 

who said family contact is their reason for continuation contacted the care centre the 

least. For the information pages we found that the only person who said that the 

services were the reason to continue visited the information pages more frequently 

than all others. 

With a cross tab analysis we also found a significant difference between the reason for 

continuation and what functionality people were willing to pay for (post-test-2, n=13; 

asymm. λ=.714; p<.05). Participants mentioning the alarm as reason were most willing 

to pay for the alarm. Participants mentioning the direct contact with care as main 

reason were willing to pay for the system in total, while those who said the family 

contact was their reason for continuation would only pay for the alarm. The latter is a 

bit surprising, although the rather bad functioning of the family contact functionality 

may explain this finding. 

In post-test-2 the effect of the reasons for continuation on probable and actual use 

became more apparent. It showed an effect on the willingness to pay for certain 

functionalities, the probability of taking the telecare system along with them when 
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moving, and the probability to continue the use after the test period. Crosstab analyses 

revealed that people who mentioned the feeling of safety as reason to continue were 

most willing to pay for the telecare system in total, people mentioning the direct 

contact with the care centre were willing to pay for the system as well as for the alarm, 

while people who said the system was not yet useful for them were only willing to 

pay for the alarm (n=19; asymm. λ=.400, p<.05). Looking more closely at the reasons 

that are related to the outcome effects of telecare, we again see that people who have 

no reason to continue are only willing to pay for the alarm; people mentioning the 

feeling of safety are willing to pay for the telecare system in total; and people who 

mentioned the feeling of reassurance as reason are willing to pay for either the alarm 

or the system (n=12; asymm. λ=.500, p<.05). 

The probability to move the telecare system along was significantly influenced by the 

reason to continue telecare use (n=32; asymm. λ=.364, p<.01). If the reason was the 

feeling of safety or security, then people would definitely take the system along with 

them when moving. Direct contact with care as reason resulted in various answers 

(yes; don’t know; no). In case people considered the fact that they could see each other 

as most important reason to continue telecare use, they would probably take the 

system along only if the system would work properly. People mentioning contact with 

family as reason to continue also said that they would not need such system in a care 

home. When the alarm was the reason for continuation, then people would move the 

system along, but in case people had no reason yet for continuation then they will also 

not move it along with them.  

Looking more specifically at the outcome related reasons to continue, then the feeling 

of safety was the reason to definitely move the system along, while if there was no 

reason yet to continue then people would also not move it along with them. People 

mentioning reassurance as reason gave various answers to the question on taking the 

system along with them when moving (yes; if it works; not in care home; maybe; no) 

(n=23; asymm. λ=.313, p<.05). 

Additionally, the reasons mentioned for continuation also influenced the probability 

to continue (n=33; asymm. λ=.364, p<.05). If feeling of safety or security was the reason 

then people would probably continue the use of telecare after the test period, although 

it would also depend on costs for some people. Direct contact with care resulted 

mainly in a definite continuation of use (and to a lesser degree depending on costs, or 

probably no continuation). The reasons to see each other, family contact, and the alarm 

resulted in the answer: “Yes (maybe)”, while people with no reasons yet to continue 

would indeed (probably) not continue telecare use after the test period. 

5.6.4 Evaluation of usage affecting Use 

Usage enjoyment  

The effect of enjoyment of functionalities on use was analysed. Kruskal-Wallis tests 

revealed only significant effects of enjoyment (post-test-1 and 2) for the care centre 

functionality on relative and absolute usage frequencies of this functionality. Due to 
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the small amount of participants who answered the questions concerning the services, 

we only found a marginal effect for the bank service on use. Participants who enjoyed 

the bank service used the service marginally more than people who were neutral, or 

did not or absolutely not enjoy the functionality (see Table 5.39). 

 

Table 5.39: Effect of care centre and bank service enjoyment on usage (post-test-2). 

 

Care centre Bank service 

Usage freq.  

(low rank ≈ high freq.) 

Abs. Usage freq. 

 

Abs. Usage freq.  

 

Enjoy 

(post-t-1) 

 

n 

Mean 

rank 

Enjoy 

(post-t-2) 

 

n 

Mean 

rank 

Enjoy 

(post-t-2) 

 

n 

Mean 

rank 

Yes 18 12.56 Neutral 5 10.40 Yes 6 7.25 

Neutral 10 19.00 Yes 5 6.60 Neutral 1 5.50 

Not 1 19.00 Not 3 2.00 Not 1 2.00 

      Absolutely not 2 2.00 

2=6.336 df=2 p<.05 2=9.032 df=2 p<.05 2=6.615 df=3 p<.10 

 

 

We also conducted several Crosstab analyses to test the effects of evaluative benefits 

(enjoyment) on the use variables: willingness to pay for; the probability to continue 

telecare use and taking the system along when moving; what the continuation will 

depend on; and the actual continuation of telecare use. 

We found a significant effect for enjoyment (post-test-2) of the care centre functionality 

on willingness to pay for either the telecare system or the alarm button (n=19; asymm. 

λ=.600; p<.01). Enjoyment of the care centre functionality (post-test-1) marginally 

increased the probability to continue the use of telecare, mostly depending on costs. 

The positive effect of care centre enjoyment (post-test-1) on taking the telecare system 

with them in case of moving was significant (n=29; asymm. λ=.300; p<.01).  

We also found a significant difference between people who enjoyed the family contact 

or not on the probability to take the system along with them when moving (n=12; 

asymm. λ=.373; p<.05). Also, the enjoyment of the welfare service (post-test-2) did 

result in significant difference in continuation (n=13; asymm. λ=.333; p<.05). However, 

participants enjoying the service were as likely to continue (paying or for free), as to 

stop (or continue only the alarm). These functionalities thus do not seem to contribute 

to the continuation of telecare use. 

There were not enough participants who used the functionality of contacting other 

users over the telecare system for Crosstab analyses.  
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Experienced problems  

Finally, we tested the effect of the evaluation of functionality use (experienced 

problems and enjoyment) on the usage frequencies of these functionalities.  

For the alarm button, we found a significant effect of experienced use problems on 

absolute usage frequencies (Mann-Whitney U-test = 57.00, p<0.01). Participants who 

mentioned problems using the alarm button (n=9, mean rank [m.r.] = 36.67) used the 

button more frequently than participants who did not experience problems (n=38, m.r. 

= 21.00). For the family contact functionality we found the reverse – but expected – 

effect. Experienced problems with contacting the family through the telecare system 

(n=9, m.r. = 6.78 vs. n=10, m.r. = 12.90) resulted in lower usage rates in post-test-1 

(Mann-Whitney U-test = 16.00, p<.05). 

Experienced problems with the care centre resulted in the willingness to pay for the 

alarm, instead of the telecare system, according to the results of the Crosstab analysis 

(N=15; asymm. λ=.571; p<.05). The problems also resulted in more doubts about taking 

the system along when moving, while people who did not experience care centre 

problems were convinced to take the system along with them when moving (n=29; 

asymm. λ=.200; p<.05). 

While problems with the alarm button did not negatively influence the use, problems 

with ‘family’ and ‘care centre contact’ indeed resulted in negative usage outcomes. 

 

5.7 Testing for mediating effects of Accessibility, Personal 

Variables and Facilitation Conditions on TAUM 

 

The accessibility, personal variables, and facilitating conditions were expected to 

influence telecare benefits, the effects of benefits on use, and telecare use directly. 

5.7.1 Accessibility affecting Benefits 

Accessibility is expected to increase when barriers decrease. Accessibility was thus 

measured by testing for physical, conceptual, economical, and aesthetical or cultural 

barriers. Participants were asked for the experienced ease of use, problems using the 

functionalities, and suggestions for change. Costs were considered via people’s 

intention to buy the system depending on costs, and through the care indication. 

Physical and conceptual barriers 

In both post-implementation-tests it was found that participants judged the personal 

alarm as the functionality that was easiest to use. Looking for online information was 

judged as the least easy, probably because hardly any participant had ever looked for 

this information. Means are given in Table 5.40.  
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Table 5.40: Mean scores, standard deviation, and number of responses on ease of use 

(answering scale: [1] very easy; [2] rather easy; [3] don’t know / neutral; [4] rather 

difficult; [5] very difficult). 

 

  Care 

Centre 

Alarm Family 

contact 

Bank / 

other 

service 

Con-

tact 

others 

Online 

info 

Get 

system 

started 

Post-

test-1 

mean 2.34 1.40 2.19 2.42 - - - 

s.d. 1.26 0.61 1.29 1.07    

 n 47 48 21 19    

Post-

test-2 

mean 2.03 1.40 2.29 2.35 1.67 2.67 2.00 

s.d. 1.00 0.55 1.25 1.00 0.58 0.82 0.80 

 n 36 35 7 17 3 6 35 

 

 

Regression analyses did not show any effects of ease of use on well-being benefits. 

There were also no significant correlations found for ease of use and increased feeling 

of safety, independence, and independent living. However, a non-parametric test 

showed that the post-test-2 ease of use of the care centre functionality positively 

influenced its enjoyment (n=34; K-W χ2= 12.202; df=3; p<.01). People who experienced 

the care centre functionality as ‘very easy’ enjoyed it the most (mean rank [m.r].: 

26.50), compared with people who said it was rather easy (m.r.: 14.72) or rather 

difficult (m.r.: 9.00). 

Due to installation differences, there were various ways to get the telecare system 

started. A small group of participants (n=6; 16.7%) had to search for the right external 

channel on their TV set. This was more complex than for those who had the homepage 

appear directly on their TV set (n=29; 80.6%). One person had the system on a separate 

touch screen. This accessibility difference did not affect any of the beneficial outcomes 

(ANOVA). 

 

Participants mentioned various problems related either to the product (system) itself 

that had to be changed, or to the difficulties using the system. The number of people 

mentioning they experienced problems in using the system is shown in Table 5.13 and 

Figure 5.6. The table and figure reveal that in the second post-test still 25% of the 

people mentioned difficulties with contacting the care centre, one of the main 

functionalities of the system. Problems with the personal alarm button decreased from 

19.1% (post-test-1) to 8.6% (post-test-2), while contacting family members through the 

system stayed problematic for half of the users (N of users with this functionalities 

decreased from 21 (post-test-1) to eight (post-test-2)). Problems mentioned by the 

participants are explained in detail in the observations and participants’ remarks 

section (5.8).  
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Figure 5.6: Usage problems as percentage of replies.  

 

Experienced problems did not result in less increased well-being (t-test).  For post-test-

1 we only found a significant effect of experienced problems with the family contact 

functionality on experienced independence. People who did not experience any 

problems (n=10) reported a slightly higher feeling of independence due to the family 

contact functionality (t=.-858; F=7.519; p<.05; df=17). In post-test-2, problems with the 

alarm button (n=3) reduced the experienced feeling of independent living (t=-2.742; 

F=6.499; p<.05; df=33). Also, participants who reported no problems with the tele-

services (n=9) felt slightly safer than people who did report problems (t=-.845; F=5.600; 

p<.05; df=10), and enjoyed the bank service significantly more (t=.956; F=13.333; p<.01; 

df=8; for welfare service and local council a comparable marginal effect was found). 

 

In addition to experienced problems, participants were asked for their remarks on the 

accessibility of several system elements. Their remarks are listed in Table 5.41.  

 

Table 5.41: Number of participants commenting on telecare system hardware. 

 
Remote Control n  MediaCenter n 

Good/ ok / fine / easy 15  No problem 14 

Better than old one 7  Too big 8 

Difficult to remember 6  Many elements / cables / messy 6 

Too big 2  Gets too hot 5 

Buttons too small / hard to read 2  Difficult to aim at computer 2 

Mouse function difficult 1  Too noisy 2 

Too many remote controls 1    

   Interface n 

Use of TV set n  Clear / good 16 

Good / fine / no problem 26  Buttons / text larger / other 

colours / legibility 

7 

Better than separate screen 4  Tab / layers difficult / unknown 5 

Preferably on separate screen 3  Vision not too good 1 

Not enough ‘scart’ inputs 1  Difficult to remember / intuitive 1 
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Although many people were positive about the system elements, multiple remarks 

were made on ease of use, legibility, and design. The remote control was improved 

after buttons that were not needed were removed, but it was still rather difficult to 

handle due to the tiny buttons. The use of the TV set as part of the system was 

positively evaluated by the majority of the participants. The media box, however, was 

larger than they had expected and were reported to have several negative side effects. 

The interface could have been more user-friendly, with larger buttons and no layers. 

 

When analysing these and other remarks, it is important to know that participants 

were asked for their free comments on the elements. If they would have been asked 

specifically whether the buttons of the remote control were too small, the television 

did not have a free ‘scart’ input, or the layers of the interface were difficult to use, then 

the frequencies might have been much higher. The fact that, for example, eight 

participants separately mentioned that the media box was too big makes it an 

important issue to take into account for increasing accessibility. 

 

In post-test-2 participants were asked to perform several tasks, using the telecare 

technology. During the task the human-technology interaction was observed by the 

researcher. The number of successful completions of the tasks was counted, while the 

difficulty of reaching this completion was observed and labelled. In Table 5.42 the four 

tasks are described, as well as the steps to complete the task. A thorough task analysis 

can be found in Appendix XI. A task analysis can be helpful to discover possible 

usability problems. Moreover, the researcher is more familiar with the tasks before 

observing the human-technology interaction, which facilitates finding usability 

problems. 

 

Table 5.42: Tasks and corresponding control steps. 

 

Tasks Steps 

1 Start up  Start television, and select Telecare channel with TV remote 

control 

2 Online news Use mouse on remote control to move to tab ‘news’, and 

select news item 

3 Connection Press the number of the call centre on the remote control, 

wait for connection 

3a Own view  Press ‘0’ on remote control 

4 Reply call Start Telecare channel – press corresponding number or 

yellow button 
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The levels of difficulty that were used to label the task performance were: 

1. Naturally / smooth: Participant finishes task by natural acting 

2. Rather good, participant sometimes has to think 

3. Asks for instruction  

4. Needs a manual 

5. Cannot finish task without instruction 

 

Due to various, mainly technical, problems not all participants were able to perform 

all tasks in post-test-2. Table 5.43 shows the number of successful completions of the 

tasks, and how difficult it was for people to reach the goal. It seems that, on average, 

80% of the participants succeeded in their tasks. However, several participants needed 

the manual, and even more needed instructions by the researcher in order to complete 

the task. More than 50% of the participants did not succeed without instructions or did 

not succeed at all. In case of the second task (‘Search online news’) 78.2% was not able 

to go to the news pages without help. 

 

Table 5.43: Number (and percentage) of participants that completed the tasks, and the 

observed level of difficulty. 

 Task        

Observed difficulty 

of task completion 

1. Start up 

system 

2. Search 

online news 

3. Start video 

connection 

4. Reply to 

incoming call 

Participant:         

    acts naturally 22 (68.8) 3 (9.4) 11 (33.3) 5 (15.6) 

    has to think  2 (6.3) 1 (3.1) 4 (12.1) 6 (18.8) 

    needs manual  1 (3.1) 3 (9.4) 2 (6.1) 1 (3.1) 

    needs instruction  3 (9.4) 18 (56.3) 12 (36.4) 11 (34.4) 

No task completion 4  (12.5) 7  (21.9) 4 (12.1) 9 (28.1) 

Total 32 (100.0) 32 (100.0) 33 (100.0) 32 (100.0) 

 

 

Based on the numbers in Table 5.43 it seems that finding information on the news 

pages is the most difficult task; and answering an incoming call is a bit more difficult 

than making a video connection by themselves. Starting the telecare system was the 

easiest task, although still more than one in five participants could not succeed 

without instructions. These findings show that the use of the telecare system is not a 

common daily activity, nor is it easy to use intuitively. 

Although we found some significant effects of task completion on experienced benefits 

of the alarm functionality (one-way ANOVA), analyses could not explain the 

differences in benefits.  
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Economic barriers 

Fourteen participants (38.9%) mentioned that their acceptance (purchase) would 

depend on the costs of the system. At the end of the study, indeed half of these 

participants did not continue using the telecare system (see Table 5.44). Fifteen 

participants had a health indication, receiving a reasonable government 

reimbursement (personal care, nursing care, or both), but only seven of them 

continued the use of the telecare system, and two continued the use of the personal 

alarm. Only six participants continued using the system, paying for the system. Costs 

thus do seem to be an economical barrier. The correlation between care indication 

(Yes/No) and continuing telecare use was significant (2=8.05; df=3, p<.05), although 

the care indication level was not a statistical predictor for continuation. 

Costs did not affect the beneficial outcome effects of telecare (ANOVA), probably 

because costs were not an issue during the (free of charge) test period. 

 

Table 5.44: Number of participants that continued telecare or alarm use or not, and their 

reason (not) to continue. 

 

  Continue  

Continuation depending on For free Paying Only 

alarm 

Stop Total 

 Costs 4* 3 3 4* 14 

 Functions.properly 2 2* 1* 2 7 

 Only alarm 0 0 2 3* 5 

 User friendliness 0 1 1 0 2 

 Social pressure 0 0 0 1* 1 

 Not yet 0 0 0 8* 8 

 Total 6 6 7 18 37 

*) These items were mentioned once as a second reason to continue the use of telecare. 

 

Cultural barriers 

One of the questions was if there were anything about the system that needed change. 

In section 5.4.2 the need for change is discussed as a variable of system evaluation. If 

people actually preferred any changes, they were asked to describe the proposed 

changes. In total, 25 participants mentioned their preferences for changes in the system 

in order to increase the possible use for the future (open question; multiple answers 

were possible). The answers that were given are ordered into five groups by the 

researcher (see Table 5.45). The two participants who mentioned low costs as an 

important change reported a significantly higher feeling of safety (F=3.308; df=4, p<.05) 

and independence (F=5.512; df=4, p<.01) thanks to the care centre functionality in post-

test-2. 
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Table 5.45: Number of participant that mentioned (requested) changes of the system. 

 

Change n % 

Personal situation 11 (44.0) 

Should work / function properly 9 (36.0) 

User-friendly hardware / software 4 (16.0) 

Useful services 3 (12.0) 

Low costs 2 (8.0) 

Total 29 (100.0) 

 

 

The answers above show that there are not as much cultural barriers as there are other 

barriers. First, there seems to be a lack of fit between what people need and what the 

system offers, as 44.0% mentioned that their personal situation had to change in order 

to increase the possibility of future use. Second, the technology did not function 

properly by the time that people were questioned, which appears to have priority over 

other accessibility barriers. 

Aesthetic barriers 

Although we did not measure the aesthetic accessibility directly, we measured the 

pleasure of telecare usage, by asking participants to rate their enjoyment of using the 

various telecare functionalities and services (accept for the ‘alarm’ functionality). 

People indeed enjoyed the use of the technology, where the contact with family 

members and other system users were the most enjoyable. Means are given in the 

table below. 

 

Table 5.46: Mean scores, standard deviation, and number of responses on enjoyment 

(post-test-2) (answering scale: [1] absolutely not; [2] not; [3] don’t know / neutral; [4] yes; 

[5] absolutely). 

 

 Care 

Centre 

Family 

contact 

Bank 

service 

Welfare 

service 

Local 

council 

Contact 

others 

Online 

info 

mean 3.32 3.86 3.18 3.36 3.50 4.00 3.17 

s.d. 0.95 0.90 1.25 1.08 0.84 0.00 0.98 

n 34 7 11 14 6 4 6 

 

 

A linear regression analysis revealed that the enjoyment of the care centre correlates 

with the feeling of safety and independent living thanks to the care centre (Table 5.47).  
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Table 5.47: Number of responses on enjoyment of care centre functionality, mean scores, 

and R. 

 

 Care centre 

Enjoyment 

N Mean  Care centre 

Enjoyment 

N Mean 

Cc  Not 9 1.22 Cc  Not 9 1.22 

Safety Don’t know / 

neutral 

7 1.86 Indep. 

living 

Don’t know / 

neutral 

7 2.29 

 Yes 16 2.38  Yes 16 2.31 

 Absolutely 2 4.00  Absolutely 2 2.50 
        

 R=.580 p<.01  R=.439 p<.01 

 

 

However, enjoyment was also considered as an evaluative variable of telecare usage, 

influencing telecare use (see section 5.6.4). Enjoyment of telecare functionalities and 

services indeed seemed to increased telecare usage frequencies, as it also affected 

continuation and willingness to pay for the system. 

5.7.2 Personal variables 

The personal variables age, gender and marital status were already discussed in 

section 5.1.1. Other important personal variables that are expected to influence the 

effect of benefits on use, are educational level, work experience, and technology 

experience (see Table 5.48). 

If we take a look at the experience people had with current technology (see also figure 

5.7), the remote control appears to be the most frequently used technology on the list. 

The ATM machine, cell phone, as well as the video players are well known, but used 

more on a regular basis due to the functionality. 
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Figure 5.7: Technology experience: percentage of participants who use various 

technology devices often, regular, seldom, or never. 
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Table 5.48: Participants’ demographics and experience. 

 
  Pre-test Post-test-1 Post-test-2 

# participants 75  61  42  

Gender female  

male 

48     

27     

(64.0) 

(36.0) 

41     

20     

(67.2) 

(32.8) 

28 

14     

(66.7) 

(33.3) 

Age mean  

[range] 

76.7 

[51-90] 

76.1  

[60-90] 

76.4  

[51-89] 

Marital 

status 

widowed  

married 

divorced  

single 

41     

23     

6       

5       

(54.7) 

(30.7) 

(8.0) 

(6.7) 

36     

17     

5       

3       

(59.0) 

(27.9) 

(8.2) 

(4.9) 

25 

   10 

4 

3     

(59.5) 

(23.8) 

(19.0) 

(7.1) 

Educational 

level 

Primary school 

Lower vocational 

education 

Advanced elementary 

education 

Intermediate vocational 

education 

Pre-university education 

College of higher education 

University 

19 

17 

 

11 

 

15 

 

2 

9 

2 

(25.3) 

(22.7) 

 

(14.7) 

 

(20.0) 

 

(2.7) 

(12.0) 

(2.7) 

    

Work 

experience 

Housekeeping 

Trading 

Nursing / care 

Building industry 

Engineering 

Education 

Welfare 

Agriculture 

Other 

18 

11 

6 

6 

5 

4 

3 

1 

21 

(24.0) 

(14.7) 

(8.0) 

(8.0) 

(6.7) 

(5.3) 

(4.0) 

(1.3) 

(28.0) 

    

Technology 

experience 

Usage freq.  

(1=often; 2=regularly; 

3=seldom; 4=never) 

 

mean 

 

s.d. 

 

median 

 Remote control 

PC 

 1.05 

3.75 

0.226 

0.737 

1 

4 

 Cell phone 

ATM 

VCR 

DVD player 

 2.65 

1.87 

3.00 

3.08 

1.109 

1.107 

1.174 

1.062 

3 

1 

4 

4 

 Internet 

Email 

Online banking 

 2.95 

3.05 

3.52 

1.404 

1.345 

1.083 

4 

4 

4 
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What is striking is that participants answered that they hardly ever used the personal 

computer (6.7% often or regularly), while they regularly used internet (36%) and email 

(33%), and even online banking (16%). Apparently, the use of internet and email is not 

associated with the use of a computer. The latter was probably interpreted as using the 

computer for other things than internet or email. It does, however, imply that 

researchers should be cautious when only asking for computer usage frequencies. 

 

The mediating effect of the personal variables was tested by analysing the effect of age, 

gender, self-efficacy, work experience, educational level, and technology use on the 

multiple telecare use variables. However, no significant effects of personal variables 

on telecare use were found. Some minor effects that were found (e.g. educational level 

on probability to continue, and work experience on taking the system along when 

moving) could not be explained, due to the low numbers per cell (e.g. low usage 

frequencies). We found a trend that people with lower education were considering 

continuation depending on costs, while higher educated participants said they did not 

need the telecare system yet. 

5.7.3 Facilitating conditions 

It was hypothesized that the facilitating conditions can improve the usage rate. 

Therefore, participants were asked to evaluate technology support, communication, 

project coordination, and user support (see Table 5.49).  

All facilitating conditions improved over time. However, still almost half of the 

participants were not satisfied about the helpdesk support in post-test-2, and also 

more than 50% of the family members involved seemed not satisfied and enthusiastic 

about the telecare system. 

Additionally, at the end of the study, 10 out of 36 participants (27.8%) mentioned 

explicitly that the communication and organization could have been better. 

 

Although the facilitating conditions were measured by means of multiple variables, 

only few significant effects of facilitating conditions on telecare use were found (one-

way ANOVA, see Appendix XII). First, in post-test-1, the explanation of use (F=4.919; 

p<.05) as well as the instruction manual (F=3.939; p<.10) had a positive effect on the 

usage frequency of the alarm functionality. The satisfaction about the support by the 

helpdesk positively affected the usage frequency of the welfare service (post-test-2: 

F=6.618; p<.05) and also of the personal alarm (post-test-2: F=4.561; p<.10). Participants 

who had received the newsletters used the care centre functionality more often than 

others (post-test-2: F=4.813; p<.05).  

Second, participants that reported the support by their family as enthusiastic used the 

family contact functionality more often than others (F=18.06; p<.01). As described 

before, a good relationship with the family seems to be a prerequisite for the use of the 

family contact functionality.  
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Table 5.49: Participants’ evaluation of facilitating conditions. 

 

  Yes No Don’t know 

Technology support        

Satisfied support 

helpdesk 

Support family: 

- Enthusiastic 

- Concerned 

- Satisfied 

- Supportive 

Post-test-1 

Post-test-2 

Post-test-2 

13 

16 

 

8 

18 

6 

13 

(38.2) 

(44.4) 

 

(38.1) 

(81.8) 

(26.1) 

(59.1) 

21 

17 

 

11 

1 

14 

2 

(61.8) 

(47.2) 

 

(52.4) 

(4.5) 

(60.9) 

(9.1) 

 

3 

 

2 

3 

3 

7 

 

(8.3) 

 

(9.5) 

(13.6) 

(13.0) 

(31.8) 

 

Effective communication 

       

Info about possibilities 

 

Newsletter received 

Information test  

Post-test-1 

Post-test-2 

Post-test-1 

Post-test-2 

36 

30 

6 

32 

(76.6) 

(83.3) 

(23.1) 

(88.9) 

11 

3 

20 

3 

(23.4) 

(8.3) 

(76.9) 

(8.3) 

 

3 

 

1 

 

(8.3) 

 

(2.8) 

 

Project coordination 

       

Satisfied contact 

organisation 

Organisation test 

Post-test-1 

Post-test-2 

34 

24 

(79.1) 

(66.7) 

9 

9 

(20.9) 

(25.0) 

 

3 

 

(8.3) 

 

User support 

       

Explanation usage 

Manual 

Explanation & Manual 

Post-test-1 

Post-test-1 

Post-test-2 

35  

38  

31  

(74.5)  

(80.9)  

(86.1)  

12 

9 

1 

(25.5) 

(19.1) 

(2.8) 

 

 

4 

 

 

(11.1) 
        

 

 

Thirdly, we found significant effects of helpdesk support (post-test-1), information 

about the possibilities of the system (post-test-1), and project organisation (post-test-2) 

on the usage frequency of the family contact functionality and contacting of other 

telecare users. However, when participants were less satisfied about the facilitating 

conditions, these functionalities appeared to be ‘not working’ or ‘not installed yet’, 

which explains the low usage frequencies, and hence the low satisfaction. 

5.7.4 Experience 

Experience with the technology is expected to change the perceived benefits of it. 

Before people have used any of the functionalities, their answers are based on 

expectations and opinions, which may be formed by information they have received 

by media, caregivers, peers, or relatives. After experiencing the technology, their true 

opinion comes to light, and is expected to be more valuable than the expectations for 

predicting acceptance and diffusion of new technology. 
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An example of the effect of experience is the increase in feeling of safety for people 

who have (once or twice) experienced the use of the alarm button, in comparison to 

people who never had to use it (see Table 5.50). 

 

Table 5.50: Mean ratings on feeling of safety versus (absolute) usage frequency of the 

personal alarm. 

  

 Feeling of safety Mean s.d. n  

Alarm usage 

frequency  

0 2.85 0.834 26  

1 3.00 0.000 2  

2 3.33 0.577 3  

 

 

Due to the low frequency rates (only five people had used the button in an alarm 

situation), no significant differences can be found. However, the means of feeling of 

safety for the people who used the personal alarm is higher than of those who have 

not used the alarm.  

 

Another measurement of use was whether or not people were wearing their personal 

alarm pendant. People appeared to differ in the use of the personal alarm, in the sense 

that some of them would wear the pendant all day, while others put it on the table in 

the living room, leave it in the bedroom, or have it put away in a drawer.  

A repeated measures analysis showed that vitality increased significantly for all 

groups (wearing alarm or not), but there was no interaction effect, or group effect. 

Vitality thus increases, whether people wear the pendant actively or not. Apparently, 

the fact that the personal alarm is present in their home seems to be sufficient to 

increase people’s vitality. 

 

However, actually wearing the alarm button indeed increases the feeling of safety. A 

one-way ANOVA showed a significant difference in safety feelings between the 

groups: F(3,34) = 3.053; p<.05 (see Table 5.51). 

Table 5.51: Mean ratings on feeling of safety versus use of the personal alarm. 

  

 Feeling of safety Mean s.d. n  

Wearing  

personal alarm 

button 

Every day 3.38 0.744 8  

Living room 2.57 0.746 21  

Bedroom 2.60 0.894 5  

Put away 4.00 - 1  
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Whether or not wearing the alarm button may also help to predict technology 

acceptance, in the sense of continue use after a test period. In our experiment, people 

who kept the alarm button in their bedroom were more inclined to stop the use of the 

telecare system, than the people who were wearing the pendant every day, or who left 

it in the living room: assym. λ= 0.182; p<.05 (see Table 5.52). 

 

Table 5.52: Number of participants wearing personal alarm versus their continuation 

after test period. 

 

 Continue use after test    

  Yes, 

for free 

Yes, 

subscrip-

tion 

No, only 

personal 

alarm 

No, stop Tot. 

Wearing  

personal 

alarm 

button 

Every day 4 0 4 0 8 

Living room 4 5 3 8 20 

Bedroom 0 1 1 3 5 

Put away 0 0 0 1 1 

Total 8 6 8 12 34 

 

5.8 Observational study and participants’ remarks 

 

In addition to the post-implementation questionnaires, valuable information was 

gathered during the post-test visits, based on both observations by the researcher and 

participants’ remarks.  

5.8.1 Communication and project organization 

The installation of the telecare system was experienced as complex. The number of 

technicians (and appointments) needed before the system properly functioned was 

experienced as annoying. The final installation step – the explanation of the system – 

was sometimes experienced as easy and friendly, but other times as insufficient, in a 

rush, and unclear. Twenty-five percent of the participants were not satisfied with the 

explanation about the use of the system.  

Many technical problems occurred after the installation. The communication and 

information regarding the technical problems were often mentioned by the 

participants as poor and insufficient. The helpdesk number was not known by 

everybody, probably because it was not mentioned in the manual. The majority 

(61.8%) of the participants was not satisfied with the support from the helpdesk. 

People at the helpdesk also seemed not aware of the target group: they instructed the 

participants to check the cables and the media box that were both difficult to reach, 

and while most people had wired phones instead of wireless handsets. “I cannot turn it 
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on myself. They have to do that behind [the cabinet], and I am unable to do that, as I cannot 

bend that low, because then I cannot get up any more.” (Mrs. T.) 

One participating family had the experience that they were excluded from the project, 

as they never received information about appointments and meetings. Moreover, for 

accurate care and welfare services, it is important that every individual is registered in 

the care system. However, at least five participants were not registered in the system. 

When making contact with the welfare service there was no information available 

about these persons. 

The communication regarding the project was done by means of a newsletter. 

However, the newsletters were read rarely; more than 75% of the participants did not 

remember receiving these letters. Not only could the communication have been better 

regarding the project organisation, but also regarding the telecare system. One 

participant constantly left her television on as she thought it was necessary for being 

reachable. Also, two family contacts thought the computer had to be turned on 

constantly for contacting their parents, and for that reason had not installed the system 

onto their computers.  

For participants it was often unclear what the difference was between the multiple 

parties involved in the project. For example, the care at a distance (telecare) was 

erroneously considered as provided by another organisation than the care at home. 

The difference between the care and welfare organisations was also unclear or 

unknown, as it was technically accessible in the same way through the telecare system 

(post-test-1). The difference between contacting the care centre (‘not urgent’) and 

alarm button (‘urgent’) was difficult to understand. As a result little contact was made 

with the care centre, as participants did not want to disturb the caregivers that might 

be needed elsewhere. It was unclear what services could be expected from the care 

centre. One participant wanted to know whether she could call the care centre for 

questions regarding the care at home (e.g. time table), while another participant 

expected the care centre to contact her regularly when she informed them she was not 

feeling well. Three participants mentioned that the reaction time of the care centre was 

rather long, after making a call (‘not urgent’). In order to meet the expectations, people 

obviously need more information regarding the functionalities and interrelation of the 

telecare centre, the home care organisation, the welfare organisation, and the alarm 

button.  

5.8.2 Technical design 

The technical design resulted in a system that was used in combination with peoples 

own TV set, having a media box, a router, and a separate set of speakers for 

connecting the system to the internet, the care centre, and other services. This technical 

design, however, resulted in unpleasant experiences.  

Regarding the hardware, participants mentioned that the media box had a noisy fan 

(eight times mentioned explicitly), the router had many flashing LED lights, and also 

the speakers had LED lights. Especially for people sleeping in the room where the 
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system was situated these issues were inconvenient. Participants also appeared to be 

concerned about the energy consumption of the system, and the corresponding costs.  

Two participants received an undefined noise over the system, every day at 6 a.m.. 

Another participant received unwanted noise of the DVD player and television 

through the telecare speakers. Other participants experienced the noise that occurred 

when a mobile phone interfered with the network. Two other major issues were the 

wiring that was needed to connect all the system elements, but especially the way it 

was done (seven times mentioned explicitly, see Figure 5.8), and the fact the media box 

was bigger than expected, and thus did not fit well in the interior. 

 

  

Figure 5.8.: Disordered wiring. 

 

 

The fact that the telecare system was integrated with people’s television, and was 

installed on the video channel, had some confusing consequences. To start up the 

telecare system, the television had to be turned on, in some cases an external channel 

had to be selected, before the remote control of the telecare system could be used to 

navigate through the system. In several situations the telecare interface did not appear 

when the correct channel was selected. In three cases, participants first had to call the 

care centre (press “1”) in order to see the telecare interface. In one case, the interface 

did not appear at all, while in another case the channel could only be reached by 

turning the television off and on again. One participant had the telecare system 

installed under channel 6, with a deteriorated image on channel 6 as a result. The fact 

that the telecare system was provided over the television made it difficult to switch 

between watching television and going to the telecare channel, and lead to technical 

problems. Moreover, the technical design offered no explicit way to switch the telecare 

system off, while participants asked for an ‘off button’ (mentioned four times 

explicitly in post-test-1). Even in the second study, two participants were looking for a 

button to turn the system off, to get out of the telecare channel. It was also unclear 
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how to reach the telecare channel when people were watching television (instead of 

getting to the channel by turning the television off and on).  

The design of the telecare system resulted in the use of two remote controls, namely 

the television remote control as well as the telecare system remote control. The use of 

two remote controls to start up the telecare system was mentioned as difficult by three 

participants (post-test-1). We found that four participants looked at the telecare remote 

control during task 1 (see section 5.7.1; Table 5.48), while the remote control of the 

television was needed, and that two participants used their television remote control 

when the telecare remote control was needed. Moreover, it was confusing that the 

remote control of the telecare system had to be aimed at the media box, instead of at 

the television. Five participants clearly had difficulty with aiming at the telecare 

system instead of aiming at their television. The technical design of the system, as well 

as the comprehension level of people using the system, resulted in these interaction 

problems.  

5.8.3 Interface design and interaction 

To interact with the telecare system, the remote control, as well as the onscreen 

interface was needed. Four participants mentioned the remote control to be too 

difficult, with unnecessary buttons and buttons that were too small. Although the 

remote control was redesigned after nine months, there were still interaction 

difficulties with the new remote control. Four participants were obviously unfamiliar 

with the use of the mouse functionality on the remote control; two participants held 

the remote control upside-down; and furthermore button labels were difficult to read. 

The design of the remote control is important, as participants tended to look at the 

remote control for information, instead of at the onscreen interface.  

The television interface in post-test-1 had small letters and numbers, and insufficiently 

contrasting colours (white letters on blue background, see Figure 5.1a), as three 

participants explicitly mentioned. For example, the difference between the ‘1’ and the 

‘7’ was hard to read, and it was difficult to see what name in the online address book 

was selected (contrast dark and light blue). In addition, the letters in the address book 

were too small to read.  

By pressing the ‘1’ button, the care centre was contacted. However, in one case, this 

information (‘care’) was not available on the onscreen interface. Also, the feedback that 

appeared after a call was made (“Wait for connection”) disappeared too quickly: as a 

result, people pushed the ‘1’ button (‘care’) again, unintentionally ending the call. On 

the other hand, when people wanted to connect to a service or family member, they 

had to push ‘7’ to make the call, and push ‘8’ to end the call. This difference in 

interaction was rather confusing. Pushing the ‘8’ button was sometimes unknown, or 

considered as ‘turning the system off’. For contacting a person from the address book, 

it was often unclear that the user needed to push ‘7’ or ‘OK’ to confirm his/her 

selection, especially in case there was only one name in the address book. Some people 

proposed a simpler interface with only buttons for contacting care, welfare, bank, for 

making an alarm, and posing questions.  
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Despite the redesign of the onscreen interface between post-test-1 and 2, people still 

had difficulties reading the text on the interface (two times mentioned explicitly). Most 

people knew that ‘1’ was for contacting the care centre, and ‘0’ was for activating their 

own camera view, even if they could not read the labels. However, in case they 

remembered it wrongly (e.g. ‘9’ is own view, as in the previous interface), then they 

did not know what to do. Participants did not look at the screen to see what to do. For 

example, to get in contact (Table 5.48, Tasks 3 & 4) five participants pushed the yellow 

button, as they remembered that ‘yellow’ means ‘making contact’. However, for 

contacting the care centre or the welfare service centre, people had to push the number 

they needed, instead of using ‘yellow’ and ‘blue’ (as in case of contacting family 

members). One participant even though he needed to push the ‘0’ button for contact. 

As in the previous design, it was very confusing that two different ways were needed 

to achieve comparable goals (viz.: ‘making contact’).  

The onscreen interface in the new version had multiple ‘tab’ layers. This functionality 

of ‘tabs’ was rather unknown. As a result, the news-tab was unknown for at least four 

participants. The content of the various tabs was also unknown for at least three 

participants, due to the non-intuitive labels of the tabs (“Contact”, “Services”, 

“Address book”, “News”). The unfamiliarity with ‘tabs’ became apparent during the 

tasks. Once being in the news-tab, people did not know how to get out. Five 

participants knew that for contacting the welfare service centre they had to “push 

button 2”, but they did not realize that they first had to leave the news-tab and move 

to the contact-tab. Contacting a person in the address book was also rather difficult, 

due to the layering: in tab “Address book” the button “Address book” had to be 

selected before a list of names appeared in the main screen, which again needed a 

selection. To leave this tab, people first had to deselect any name, by leaving the list. 

The use of ‘layers’ in the interface design was obviously too difficult for this target 

group.  

In three cases, participants made their own manual, to remember what steps had to be 

made. One of the participants, however, wrote down the wrong steps. 

5.8.4 Telecare functionalities 

Of the multiple functionalities of the telecare system under study, the personal alarm 

button was considered the most important element by the participants. However, 

most people did not wear the alarm button (observed 21 times). Twelve participants 

mentioned that the button was too big, too prominent, and that the clip to attach the 

button was too tight. Four people mentioned that the necklace was too long, while 

four others said that the button was too sensitive for false alarms. As many 

participants could compare the alarm button of the telecare system with the one they 

had used previously, the button was negatively evaluated regarding user friendliness. 

The central function of the telecare system was the video-communication. However, in 

seven situations the communication was difficult because of bad sound quality. In 

three other situations the video connection broke down during communication. In 

some cases the speakers were turned off, so no incoming sound was possible. The 
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functionality to contact a family member through the telecare system did not work 

properly, or not at all, in at least 20 cases. Sometimes the text message (“Message from 

Telecare system: please contact [name person]”) that was send to the relative never arrived. 

In another case, the participant mentioned that receiving a text message was too 

complicated for her daughter (a senior herself). The installation of the communication 

program on the home computer of the family members was rather complicated, and a 

technical challenge as well, with many installation problems as a result. Setting up the 

video connection took too long: starting up the telecare system, selecting contact (text 

message send), relative receiving text message and acting upon by logging in onto the 

home computer. Making a phone call or using regular video communication programs 

(e.g. Skype ® or MSN Messenger ®) was considered as much easier. Many participants 

made a phone call before starting the video communication, which indicates that the 

functionality under study did not work properly. The functionality of contacting 

family members was mentioned to become more useful if more relatives could be 

added to the contacts list, or in case family members without an internet connection 

could be added. 

Participants also had the possibility to see their own webcam view on the screen. 

However, the functionality of the camera view was unknown for nine participants. 

The functionality itself was confusing; the view was internal: activating the view did 

not mean that other people could see the participant. When contacting the care centre, 

the caregivers did not see the person immediately; they asked for permission to 

activate the video connection. It was rather confusing, however, that when contacting 

services (another ‘kind’ of connection) the two-way video connection was activated 

immediately.  

A social barrier was experienced for contacting the local bank as this functionality was 

not useful or not available for participants who were no clients of this bank (Also, the 

procedures that were needed to get the money delivered at home were unclear). There 

were also participants who had a telecare function visible on their telecare interface, 

although it was not functionally activated (e.g. indicator for being present of not). Four 

participants mentioned explicitly that the telecare system was not useful for them. 

Another participant did consider the system as useful for him, although he had never 

used or touched it.  

5.8.5 Feedback and content 

Feedback is very important in user-system interaction. The system had a moving text 

bar with feedback information, selected onscreen buttons had a white border, used 

onscreen buttons turned dark blue, and a sound was produced when there was an 

incoming call. However, the moving text bar moved too quickly to be read by 

participants, and when a second onscreen button was used, the first one stayed dark 

blue coloured. The information provided by the system about the last connection 

(“Laatste melding”) was in most cases not available, or consisted wrong information. 

Moreover, the sound of incoming calls was confusing: there were two different sounds 

for incoming calls, but most participants did not know who was calling in case of a 
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certain sound. Participants also did not receive a warning when the system was turned 

off (automatically or accidentally).  

The content of the telecare system was managed remotely by the software provider. 

However, in six cases there was no content available in the information tab. In several 

cases the content was ‘incorrect’: e.g. instead of a commercial offer (‘Aanbieding’) a 

connection was made with the welfare service centre. In many cases, when the care 

centre or welfare service centre contacted the participant, the system generates the 

text: “unknown calling” or “DemoD”, instead of “care centre / welfare service centre 

calling”. Additionally, the content was not as personalized as requested. Three 

participants mentioned that the names of the relatives were written wrongly. The fact 

that participants mentioned these mistakes indicates that the contact functionality was 

considered as a personal activity. In addition, the news information was not ‘local’, 

and thus not as interesting as possible. One person also proposed to use subtitles in 

the videos.  

The use of a camera caused some doubts and a sense of intrusion, for at least three 

participants, due to a lack of feedback and understanding of the system. In one case, 

the daughter of a participant had not installed her webcam for video communication, 

as she “did not trust it”. The fact that a LED light indicated whether the camera was 

turned on was not sufficient, as it was not an indicator for video connection and data 

transfer. In one case, the participants noticed that the LED light was turned on in the 

evening after use, while it was turned off again in the morning. Observations also 

revealed that the care and service providers at the call centre were not always aware of 

the interface that was used: their camera view was not good when sitting close to a 

window, when the camera was slanting or not focussed, or when they were positioned 

in the right corner (where ‘own camera view’ was positioned on the onscreen interface 

of the participants).  

5.8.6 System errors and additional remarks 

During the test period, the telecare system generated multiple errors. In several cases, 

the system seemed to crash automatically (“system out of order”), while in another 

situation the system needed resetting every time the participants wanted to use the 

system. In most of these cases, the system generated a warning towards the care centre 

about the system being out of order, but they did not, as promised, contact the 

participant about this error. In one case the care centre indeed made a call towards the 

home of the participant every time the system fell out. But as the system crashed 

automatically and this participants was often away (and thus could not respond to the 

calls), it resulted in many false alarms. Even during post-test-2, in two cases the 

telecare system appeared to be turned off completely, while the participants did not 

know it. In six additional cases the system did not work at all.  

There were some minor comments and questions of participants that indicate the 

diversity of potential users and their needs. One participant said she was mentally not 

able to react to an incoming call on the telecare system. Another couple said the sound 

of an incoming call was too loud, while one of the participants who was hard of 
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hearing was annoyed by the speakers, because of the high tones they produced. The 

voice delay in the video communication was mentioned as awkward, although most 

participants seemed to get used to it. The acceptance of the telecare system was for 

some participants influenced by the fact that a Macintosh Apple® could not be used 

for the family contact functionality, and another participant had to disconnect his 

satellite in order to use the telecare system, as the scart entry was needed. There were 

also some issues that needed better communication. One participant wanted better 

communication regarding her former personal alarm subscription. Additionally, there 

were many questions regarding the costs of use after the trial. One participant also 

wanted information about the possible tax contribution for the telecare system. 

5.8.7 Recommendations following from observations and remarks 

Participants’ remarks on the use of the system, as well as our observations, have 

resulted in five areas of attention for telecare implementation and acceptance: 1) 

technical requirements; 2) technical design; 3) interaction (interface design); 4) 

comprehension; and 5) service. 

Technical requirements 

The telecare system generated several unexpected and unwanted errors. As people 

rely on the technology, the system must be robust, properly working, and in case of a 

malfunction generate a warning towards the support desk. The system also appeared 

to require certain technical features that were originally unknown or were not 

communicated to the participants. These technical requirements were a free ‘scart’ 

entry, no inductive loop present in the home of the care receiver, no Apple® computer 

for family contact, and the appropriate network available. The requirements 

eventually excluded several participants, or made the use of the system rather 

difficult. The study revealed that such technical requirements should be clear before 

starting the telecare promotion. It also requires a comprehensive communication by 

the installation company towards the care organisation. These requirements should 

then be communicated towards the end-users.  

Technical design  

Several accessibility problems were the result of the technical design of the system. 

The technical design has consequences for the hardware, the network connection, the 

interface, and the eventual use. Considering the hardware, the use of a television for 

the telecare system is acceptable. However, the use of a media box should be avoided 

(televisions with integrated computers are already available), as should the use of a 

separate remote control for the telecare system. The system should easily be turned on 

and off, preferably by means of a button or switch. The personal alarm button should 

be as small and user friendly as possible and exchangeable if people prefer another 

interface (pendant versus wristband versus integrated in personal accessories). 

Additionally, designers must take the installation process into account, and make this 

as simple as possible, with as little wiring necessary as possible. Finally, the software 
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design determines the accessibility of the user-interface, which will be described in the 

interaction section. 

Interaction 

The interaction with the system takes place mainly by navigating through the 

onscreen interface by means of a remote control. There were a lot of comments on the 

design of the remote control, as well as on the corresponding buttons on the onscreen 

interface. The design of the interface could have been more intuitive (e.g. a green 

phone sign for calling and a red phone for ending a call), more consistent (when 

contacting the service centre means pushing button ‘2’, then information concerning 

the service centre should also be under ‘2’ in another tab), in correspondence with the 

buttons on the remote control, and without layers or tabs. The buttons and texts on the 

remote control as well as on the onscreen interface should be large enough and legible. 

It is important that good contrasts are used (preferably dark types on light or white 

backgrounds (Zhao, 2001)). The procedures for achieving comparable actions (e.g. 

making contact) should be equal for all functionalities, irrespective of technical 

differences in network connections. And also the action itself (e.g. pushing a button) 

should be consistent: pushing a button twice sometimes turned off the functionality 

(e.g. own camera view ‘0’, and calling the care centre ‘1’), while participants actually 

wanted to activate the button again. The amount of steps needed for functionalities 

should be as low as possible, for all users involved (e.g. call centre employee, family 

member). For privacy reasons, there should be an indicator for the camera being on or 

off (transmitting data). 

Comprehension 

Working with technology requires as certain level of comprehension, of the system, 

the functionality, and the services involved. Especially in case of an elderly user 

group, the use of the system (including camera) must be explained thoroughly and 

repeatedly. A good comprehensible manual that explains all functionalities and 

procedures is therefore inevitable. To increase the comprehension of the telecare 

services, it is important that the roles and responsibilities of all stakeholders are 

communicated towards the users of the telecare system. Accordingly, information 

regarding the system as well as the procedures, roles and costs needs to be accessible 

to the users. 

Service 

Service in this matter involves the service during the experiment, during the use of the 

technology, the technical back-up, the help desk, and the communication. In telecare 

acceptance studies this element should be part of the equation. In this study, the 

communication towards and from the help-desk was experienced as a major 

accessibility barrier. Not only should all telecare users be registered in a database, but 

also should all technical problems be administered in a database and updated 

regularly, with proper communication towards the users involved. Considering the 
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services that are offered by the telecare system, the services, functionalities, and 

content should be valuable and useful, and thus fit the users’ needs. Therefore, the 

functionalities should be modularly available, and personalised (correct names of 

family members, local news information). A person should be appointed to maintain 

the content (local, relevant, appealing, correct). Additionally, only those functionalities 

should be visible onscreen that are activated and thus useful for the end-user. 

 

5.9 Conclusions and discussions on the Telecare Acceptance 

and Use Model Testing 

5.9.1 Hypothesis testing 

The telecare system in this study was found to have beneficial effects on the well-

being, feeling of safety, the feeling of independence and independent living. The 

benefits of the system, however, differ along participants, depending on their needs, 

and on the functionalities of the telecare system. We found significant relations 

between people’s needs, telecare functionalities, the beneficial effects, and telecare use. 

Telecare benefits found in the study 

As expected, well-being increased over time, during the study. Especially vitality 

increased significantly for women. Loneliness also decreased for those who felt lonely 

in post-test-1 (mainly widowed and divorced persons, or single households). Due to 

the multiple environmental factors it is not yet possible to state that these positive 

effects on well-being were caused by the presence of the telecare system. Women, for 

example, might be more easily influenced by the attention they received during the 

study (Hawthorne effect, see also the discussion in section 5.9.2). 

Both the alarm (with care) and care centre functionality increased the feeling of safety 

and the feeling of independent living. The telecare benefits participants mentioned 

themselves indeed were mainly related to a ‘feeling of security’ and ‘reassurance’ 

(direct contact with care), thanks to the alarm pendant and the care centre 

functionality. Beside the alarm, services like contacting the local council, welfare 

service, and social contact were most effective in increasing feeling of independence. 

The personal alarm and care centre were mentioned as the most important 

functionalities, and were given the highest grade on ‘usefulness’. Family contact was 

also considered as useful, while services, contacting others, and online information 

were not evaluated as useful (see Table 5.10). The screen-to-screen possibility 

contributed to an increased enjoyment. However, people experienced many problems 

with the family contact functionality. 

Although the telecare system was meant to provide more benefits than a regular alarm 

button, the most important functionality of the system in this study was the alarm, and 

the fact that people could immediately and directly get into contact with the care 

centre. Other functionalities, like contacting family members, ordering (welfare) 
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services, or finding information, were not mentioned as added value of the system or 

the reason to continue the use. Other benefits than increased feeling of safety and 

reassurance – for example increased well-being, feeling of independence or the 

possibility to live independently – were not mentioned by the participants as 

beneficial outcome effects, although the system did provide these benefits as well. This 

finding can be explained by considering the needs of the participants. Apparently the 

participants in this study were looking for reassurance or a feeling of safety by means 

of the system, and not for less care related benefits offered by welfare services, screen 

to screen communication with family members, or online information.  

Participants mentioned additional potential functionalities (‘lacking benefits’) related 

to social contact (more contacts), care and cure (contact with g.p. or specialist), and 

tele-services (supermarket, library, et cetera). Safety seemed yet to be covered by the 

telecare system. At the end of the study the telecare functionalities appeared to be 

most beneficial for those people mentioning other potential telecare functionalities 

related to care, cure, and social contact. The mentioned ‘lacking benefits’ show the 

importance of good communication regarding the benefits that specific functionalities 

can offer. And – as the involved care organisation had the goal to define and develop 

new (welfare) services that fit to the needs of elderly people who were not yet care 

dependent – the lacking benefits can also be helpful in designing and organizing new 

valuable services and functionalities of a telecare system. 

Participation cancellation and attrition 

The attrition rate in this study was deplorably high (see section 5.2). One of the 

reasons for cancellation was that participants had moved houses: the re-installation 

would be too effortful and rather expensive for the care-organisation, which revealed 

the inflexible character of the system. It seems that a system that is easier to learn, use, 

remember, and re-install, and would better fit the needs of the users would not result 

in this number of cancellations. The cancellations also revealed the importance of good 

communication related to: expected personal input, technical prerequisites, necessary 

personal abilities, and (limited) system functionalities. Several difficulties related to 

usability and usefulness were anticipated upon within the project period, by changing 

the layout on the screen, the remote control, as well as adding new functionalities to 

the system. 

H1: People’s need and dependence increase telecare benefits 

Almost 70% of our participants used some kind of medication. More than a third of 

the participants had health problems related to their heart. Of our participants, 72% 

received formal care, and 64% received informal care. We also found that widowed 

and divorced participants made more use of formal care. It might be of interest to 

focus on relevant functionalities for these groups, to reduce the pressure for both 

professional and informal caregivers in the future.  
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There was a correlation found between people’s care indication and the reason to 

cancel the participation in this study early. When participants had no indication they 

cancelled the use because the telecare system was not useful for them, while 

participants who had an indication for personal and nursing care cancelled because 

the system was too difficult. There was also a difference found for care indication and 

the need for changing the alarm: participants receiving domestic or personal care were 

less positive about the personal alarm, and wanted some changes in the functionality, 

more than participants with no indication at all, or in higher need of care (nursing 

care, personal & nursing care). This finding can be explained by the fact that people 

with no indication are not yet in need for the alarm functionality, and thus do not have 

any recommendations on the functionality, while people who are most care dependent 

are positive about the functionality, as it brings them what they need. Only the people 

who consider themselves potential users for the future evaluate the functionality 

thoroughly and give comments on the alarm. 

Participants with an indication experienced an increased possibility to live 

independently due to the alarm pendant, while the functionality to contact the local 

council increased independent living for participants without an indication. This 

finding corresponds with the result that when participants had no indication they 

were interested in new additional functionalities (long term), while participants with a 

high indication were more interested in costs and user friendliness (short term). 

 

Participants with mobility difficulties logically used mobility aids more frequently. For 

participants who were mobility restricted, their vitality increased significantly over 

time. The welfare service also increased their sense of safety, independence, and 

independent living. Participants with a good to moderate mobility level enjoyed the 

care centre marginally less than participants who are more mobility restricted, and 

also the sense of safety (care centre) decreased with decreased mobility restriction. The 

alarm button increased the feeling of independence particularly for people with a 

mobility aid. Participants who said they did not have a reason (yet) to continue the 

use, were mainly people without mobility aids. The telecare system was clearly more 

beneficial for people who were restricted in their mobility. 

 

Participants who were more dependent (according to our ‘dependency level’) enjoyed 

the care centre the most, experienced an increased feeling of safety due to the bank 

service, and enjoyed the family contact less than participants who were less 

dependent. The latter can be explained by the technical problems people experienced 

when using this functionality, which may have had the highest impact on participants 

who were more dependent. 

 

The alarm button was particularly beneficial for participants who experienced a 

decreasing health situation. The telecare system appeared to be most beneficial for 

people with heart, lung, or back/hip/leg problems, or suffering from rheumatics. 

Vitality increased more over time for people with cardiac diseases. Participants with 
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lung problems had an increased mental health over time, and experienced a more 

increased feeling of safety, independence, and independent living thank to the bank 

and welfare services than people without this constraint. Participants with back or hip 

problems felt more independent (due to the care centre and the personal alarm) and 

safer (due to family contact, bank, and welfare service). Participants suffering from 

rheumatics experienced a more increased feeling of safety, independence, and 

independent living, thanks to most telecare functionalities. Participants who suffered 

from memory loss felt more independent and safer due to the bank service. We also 

found that special design requirements are needed for users who are hearing or 

mentally impaired, as these constraints may obstruct the effectiveness of the 

functionalities of a telecare system.  

The findings show that mainly the welfare services, like the bank and welfare service, 

were more beneficial for people suffering from certain health-related constraints, than 

the care related functionalities, like the care centre and the personal alarm. This can be 

explained by the fact that these latter telecare functionalities are beneficial for elderly 

people irrespective of their constraints. 

 

Participants who became single unexpectedly (widowed or divorced) seemed to 

benefit more from a pendant (felt safer) than people who have been single for a longer 

period of time. The fact that married couples appreciated the alarm functionality 

almost as much as widowers or divorced persons can be explained by the fear that 

they have for losing their spouse and becoming single in the near future. 

Already having an alarm unit before the test – as an indicator of dependency – 

appeared not to be a strong predictor for telecare benefits. However, participants with 

one or more alarm units experienced significantly more independence due to the 

welfare services. They were also less critical regarding changing the alarm pendant in 

comparison to people without an alarm unit. 

 

Most participants were satisfied with their current contact with family members. (A 

lack of) family contact was not found to be a predictor for telecare benefits. Indeed, it 

seemed to be a pre-requisite for using and enjoying the family-contact-functionality.  

 

By asking participants for possible ‘lacking benefits’ of the telecare system, a difference 

between people’s expectations and the eventual effectiveness of the telecare system 

became apparent. Due to high pre-test expectations, we found lower experienced 

benefits in post-test-1 for people mentioning lacking benefits. For example, the bank 

service seemed not to cover those tele-services suggested by the participants, while the 

care centre seemed less beneficial for people who wanted safety related functionalities. 

In post-test-2 a better fit between needs and benefits was found, however, the findings 

emphasizes the importance of providing valuable and thus relevant functionalities. 



A n a l y s i n g  T e l e c a r e  A c c e p t a n c e  a n d  U s e                    215 

 

H2: The more benefits are experienced, the higher the telecare usage rate 

Although not all ‘benefit’ variables measured were immediately effective in predicting 

telecare use, we did find many significant effects. It appeared to be important to not 

solely analyse the telecare system as a whole, but also consider all available telecare 

functionalities separately.  

 

An increased feeling of well-being did not directly affect the usage frequency of the 

telecare system and its functionalities. Participants with an increased well-being in 

post-test-1, however, were more willing to pay for the alarm button than for the total 

telecare system. In post-test-2 an increased well-being resulted in a higher probability 

for participants to continue the telecare use after the test period and to take the system 

along with them when moving. 

 

The experienced benefits of the functionalities did affect the usage rate. Increased 

feeling of safety due to the care centre functionality, family contact, and bank service 

increased the usage frequency. People who experienced an increased feeling of 

independence and independent living due to the welfare service, local council, and 

online info, used these functionalities more frequently.  

Increased feeling of safety and independence due to the care centre and the alarm 

functionality indeed positively influenced the willingness to pay for the telecare 

system and the continuation of telecare use after the test period.  

The telecare benefits mentioned by the participants in an open question did affect 

system use, in such a way that participants most frequently used those functionalities 

that brought the desired benefits to them. As hypothesised, people who mentioned no 

benefits or added value of the telecare system were less inclined to continue the use or 

to take the system along with them when moving, while an experienced feeling of 

safety and reassurance positively affected the probability to continue telecare use. 

When no added value was experienced, then usage frequencies were low. People who 

considered the alarm button as an added value did not use the total telecare system, 

while participants who considered it as pleasant and fun to see each other through the 

system did use the telecare system and the care centre functionality particularly more 

often than others. Most participants were only willing to pay for the telecare system in 

case they experienced additional telecare benefits – preferably more than a feeling of 

safety or reassurance – otherwise the alarm button alone would be sufficient (and 

cheaper) for them.  

A comparable effect was found for the reason to continue telecare use and its effect on 

use. Participants who mentioned the feeling of safety as the main reason to continue 

telecare use were most willing to pay for the telecare system in total, were most likely 

to take the system along with them when moving, and were most likely to actually 

continue the use (depending on costs). 

On the other hand, the technical installation difficulties – mainly in the family contact 

functionality – may have negatively influenced the experienced benefits, with 
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decreased interest in continuation after the test period as a result (but in accordance 

with H2). 

 

Asking participants for their most important functionality appears to be a possible 

predictor for use, and was helpful in indicating the most useful functionalities. Only 

those participants who mentioned the care centre or the family contact functionality as 

most important used the telecare system – and these functionalities in particular – 

more often than others. It also became apparent that increased feeling of safety, the 

possibility to directly contact the care centre 24 hours a day, as well as an increased 

feeling of independence, were the most important reasons to continue telecare use, to 

pay for the telecare system in total, and thus to use and accept telecare. The tele-

services and contacting others were reasons for taking the system along with them 

when moving, while a high usefulness rating for the care centre functionality resulted 

in actual continuation after the test. 

Asking participants for preferred changes on functionalities was not a good predictor 

for telecare use. On the other hand, experienced problems did affect telecare use, 

especially problems with the family contact and care centre functionalities. Also, the 

enjoyment of the care centre functionality appears to influence the use of the telecare 

system, as well as the continuation of telecare use, and thus should be considered as 

an important variable when introducing a telecare system. 

 

Although telecare benefits may be experienced without actually using the system (for 

example, experiencing an increased feeling of reassurance), the actual use was also 

hypothesized (H2a) to affect the (experienced) benefits. Indeed, the study showed that 

participants who had some experience with the telecare system were more positive 

about the benefits. On the other hand, the low usage frequencies negatively influenced 

the experienced benefits. When asking whether the personal alarm increased the 

feeling of independence, Mrs. W. answered: “No, I would say not. But that is because I 

actually have not used it yet.” 

H3: Accessibility positively influences the benefits 

Although accessibility was expected to positively influence telecare benefits (see also 

TAM), no strong effects of subjective accessibility on benefits were found. Only some 

significant effects of experienced problems on telecare benefits were found. However, 

in addition to the questionnaires, the task analysis and observations did reveal the 

importance of good accessibility in order to experience telecare benefits. The task 

analysis revealed that almost half of the participants were not able to interact with the 

telecare system without personal instructions. Without actual interaction, telecare 

benefits cannot be experienced, but can only be ‘conceived’. However, one might 

doubt the value of these ‘conceived’ benefits – e.g. feeling of safety and reassurance – 

when participants are not able to actually use the system by themselves when needed 

(reduced interaction capabilities in case of an emergency not even taken into account).  
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This study thus shows that ‘accessibility’ in acceptance research must be tested and 

studied in another way than by means of subjective questionnaires alone. 

The accessibility variable ‘cost’ seems an important barrier for actual telecare use, 

although the effect of this variable on telecare acceptance needs further research (as 

telecare use was free of charge in this study). Costs were found to be an issue only for 

people already intending to buy the system. We also found a ‘lack of fit’ as a strong 

reason not to buy the telecare system at all. 

Just as ‘costs’, ‘enjoyment’ seems a relevant variable in telecare acceptance research, 

but needs further research on the exact role of it in the model. 

H4: Personal variables have a mediating effect on telecare use 

We did not find statistical proof for a mediating effect of personal variables on telecare 

use. However, participants’ educational level and work experience seem to influence 

the probability to continue telecare use and to take the system along with them when 

moving. The usage frequencies in this study were too low for significant effects on 

absolute use. 

The fact that self-efficacy was not found to affect telecare use, may also be affected by 

the method to measure self-efficacy. The questions used in this study were posed at 

the beginning of the study, when participants did not even know what could be 

expected. They may have had an incorrect view on the interaction with the telecare 

system. The method to measure self-efficacy needs further research. The personal 

variables ‘gender’, ‘age’, and ‘marital status’ may have affected telecare ‘Benefits’ 

indirectly, through ‘Needs & Dependence’. Marital status is already considered a 

variable regarding ‘level of support’; while gender has a high correlation with marital 

status. Although age did not have an direct effect, it may have an effect on age related 

dependency variables, like ‘current health’, ‘health-related daily constraints’, and ‘care 

indication’. 

H5: Facilitating conditions positively influence telecare use 

Concerning the facilitating conditions, the effects seemed less strong than expected. 

However, we found significant effects of good instructions, a good manual, as well as 

sending newsletters in the first test period, on alarm and care centre usage frequencies. 

Again, family support was found to be important for increased usage frequencies of 

the family contact functionality. The observational study and remarks by the 

participants revealed the importance of properly installed and well-functioning 

telecare functionalities. 

5.9.2 Discussion methodology 

The analysis of the data in this chapter resulted in evidence for the proposed Telecare 

Acceptance and Use Model. However, not all hypotheses were significantly supported 

by statistic evidence due to various reasons discussed here. The current study must be 

considered as a first step towards a better Telecare Acceptance and Use Model, 
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resulting in recommendations for more effective telecare implementation and use (see 

Chapter 6) and also methodological improvements. 

 

It is difficult to find effects of elderly people’s needs on experienced benefits when the 

technology is not specifically designed for a certain elderly group. Many telecare 

technologies are designed for specific user groups, e.g. cardiovascular or COPD 

patients, with specific beneficial goals. As the telecare system under study was not 

explicitly made for people with specific health issues, the health variable was not 

always a good indicator for beneficial effects of using the system. The technology used 

in this study was designed for the broadly defined user group of ‘elderly people 

without a specific need for care’. The technology and its functionalities had the rather 

broadly defined goal of ‘sustaining independent living and increasing well-being’, two 

independent variables that are difficult to measure, especially in a short term study. In 

this case, the needs of the end-users were less known and less defined, and therefore 

more difficult to be supported by the telecare functionalities. Telecare seems to become 

more beneficial when user group, functionalities, and beneficial outcome effects are 

defined more specifically. All stakeholders involved thus must consider the effect(s) 

they expect from the deployment of telecare and should act upon these expectations in 

the process of selecting the technology, considering the care process, introducing the 

technology to the end-users and evaluating the adoption of telecare.  

The technology used in this study was still under development. As a result, many 

start-up problems hindered a successful system use. Due to the fact that the 

technology was tested in a research trial, conventional channels were also better and 

quicker than the new channel; e.g. using the telephone was quicker than starting up 

the telecare system, and Skype® worked better. As a result, the potential benefits of 

telecare use were not experienced as much as possible. In an extensive study, e.g. on 

telecare implementation, it is important to be aware of the many effects in the study. 

Researchers should not only study the effects that they expect to be positive (e.g. do 

participants like the new technology), but realise that negative side effects may lead to 

different outcome effects (e.g. organisational difficulties, difficulties in moving the 

equipment, absence of privacy, awkward lighting). If the study does not include room 

for unexpected side effects, then the results will not be complete, and wrong 

conclusions will be drawn. This study clearly demonstrated the relevance of 

organizational issues, like project organization, helpdesk support, and the 

organization of services. 

Although the study was intended to produce ‘system independent’ findings, multiple 

(interaction) results were caused by the situation of using this specific telecare system 

during the test period. Further research is needed to see whether these findings can be 

transferred to any telecare system. 

Despite the attempt to include objective usage data (log files), telecare usage 

frequencies were measured subjectively by means of a questionnaire. Participants 

were asked to rate their usage frequencies, in absolute numbers as well as on a rating 

scale. When researching technology usage, it is important to actually rate the usage 
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frequency; being positive (subjective measures) is not equal to actually using the 

technology. In this study participants used the telecare system and its functionalities 

less frequently than based on their technology evaluations and descriptions of benefits 

could be expected. As a result of the low usage frequencies, several statistical tests 

could not be performed. It may be of interest to test the Technology Acceptance and 

Use Model in a situation with a larger range in usage frequencies. 

As participants may have difficulty remembering the exact usage frequencies and 

other relevant behaviour, a dairy study or the use of cameras or motion sensors may 

be other means to objectively measure behavioural variables. Preferably the telecare 

use is measured objectively, separately for each functionality.  

The use of multiple questionnaires at three different moments during the test period 

has resulted in a rich data set for this study. However, concerning the validity of the 

data, a drawback of subjective measurements is that participants have to able to 

correctly judge the situation that is being tested. People tend to be positive because 

they are in a (free!) research trial, and they want to be liked. Chae et al. (2001) mention 

this Hawthorne effect, the effect that people are satisfied because of the special 

attention they receive. Besides this ‘fictional’ positive situation, the actual situation can 

indeed be improved due to the ‘test participation’.  

Participants may receive better treatment (“special treatment” (Mair & Whitten, 2000)) 

and more attention due to the fact that they are participating in a research trial. When 

effects are found, then they thus may be caused by the participants’ ‘participation’ 

instead of by the technology. This effect would be complementary to the possible 

Hawthorne effect. As our research population involves elderly people, with possibly 

lower social activities and involvement, they may be more vulnerable for these effects 

caused by the extra attention than other research populations. The results may change 

when variables such as voluntariness and costs come into play. 

The disadvantage of before-and-after comparisons is that we cannot be certain that 

differences found are caused by the new technology. A randomized controlled trial – 

the solution to many of the issues mentioned above – would, however, result in so 

many variations along participants, like age, care situation, autonomy, living situation, 

et cetera, that it becomes very complex to investigate. A rare example of a randomized 

controlled test is the Whole System Demonstrator project in the UK (Carlisle, 2010), 

involving three thousand participants, of whom half are in the control group.  
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6 Conclusions       
 

This thesis focuses on features for acceptance and effectiveness of smart home and telecare 

technology in home (care) situations. The driving factors mentioned in Chapter 1 have 

shown that the use of smart home or telecare systems by elderly people is inevitable, while 

the hindering factors as described in Chapter 2 show that more research is needed to 

increase the acceptance and use of these technologies on a larger scale, for increased 

effectiveness. To utilize the opportunity that technological developments bring, we should 

look at both technological and organizational features. The Telecare Acceptance and Use 

Model that has been proposed and tested reveals how the effectiveness of telecare services 

can be increased. In this concluding chapter the Telecare Acceptance and Use Model is 

operationalized for further analysis and advises for effective telecare use are proposed. 

 

6.1 Telecare Acceptance and Use Model 

 

The effectiveness of smart home and telecare functionalities highly depends on the 

acceptance and use of the technology. The predictive power of technology acceptance 

models appears to be limited for elderly users of smart home and telecare technologies 

(Chapter 4). At least three of the various stakeholders (care receivers, caregivers, and 

the technology designers) play an important role in the acceptance of telecare, while 

current models also neglect to predict and test for actual technology use and adoption.  

To better predict and understand telecare acceptance by end-users a new Telecare 

Acceptance and Use Model (TAUM) was proposed (see Fig. 6.1).  

 

Figure 6.1: The Telecare Acceptance and Use Model under study. 

 

Although not all of the hypotheses were confirmed, several important effects were 

found that support the TAUM. Figures 6.2 and 6.3 show the effects that were 

significant for at least one of the telecare functionalities:  
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One of the main findings of this study is the importance of fitting benefits of telecare to 

personal needs (see also section 6.2). In our study, people who were widowed or 

divorced (Fig. 6.2; ‘marital status’) benefited the most from the telecare functionalities, 

as well as people with a certain care indication, and people who were limited in their 

daily life activities due to health issues (Fig. 6.2; ‘daily constraints’). Mobility level also 

appeared to be an indicator for experienced telecare benefits. 

 

Proven telecare benefits are scarce (see also section 6.3). The benefits described in 

Chapter 5 were mainly related to a feeling of safety and reassurance (in correspondence 

with Evers, Blijham, & Willems, 2009; Peeters & de Bie, 2012); other experienced 

benefits were limited. Experienced increased feeling of safety and reassurance did not 

necessarily increase usage frequencies of telecare - as it is not necessarily a catalyst for 

telecare use –, although it did positively affect the acceptance and continuation of 

telecare (see Fig. 6.2). On the other hand, the overall limited experienced benefits 

resulted in low (or no) telecare use, minimal continuation of telecare use after the test 

period, no intention to take the system along when moving houses, and no willingness 

to pay for any of the functionalities (except for the alarm button, which in itself is no 

telecare). Ratings on relative importance of functionalities as well as usefulness rating 

seemed possible indicators for telecare functionality use. Experienced fun and 

pleasure also resulted in higher usage frequencies (Fig. 6.2; ‘enjoyment’), and should 

therefore be considered a possible catalyst for telecare use. 

 

The study also revealed the importance of ‘experience’ with the telecare system and 

functionalities. Once participants had had some experience with the telecare system, 

the benefits became apparent, and acceptance and adoption seemed to increase1. An 

acceptance goal should therefore be an increased initial use (e.g. by means of the ‘fun’ 

aspect), yet with a proper fit of the functionalities to personal needs as a pre-requisite. 

 

The effect of personal variables seemed rather limited, possibly because of the stronger 

effect of ‘needs’ and ‘level of dependence’ on telecare benefits. Nevertheless, several 

personal variables (e.g. ‘age’ and ‘gender’) are expected to correlate with these needs 

(e.g. ‘marital status’, ‘care indication’, and ‘health’), and were also found to influence 

the effect of accessibility (e.g. ‘usage problems’, ‘ease of use’, and ‘costs’) on telecare 

benefits. The accessibility variable ‘enjoyment’ was also found to influence telecare 

benefits. The effect of facilitating conditions on use seemed less strong than expected, 

although good instructions, information, and organisation influenced usage 

frequencies (Fig. 6.3). 

                                                             

1 The effect of experience on telecare acceptance is found not only for care receivers, but also for 

caregivers. Preliminary results of the PETZ project show that healthcare “professionals with experience 

with video conferencing have more faith in the use of remote care, see less problems with privacy and 

have more the intention to use it” than professionals without experience (Hogeschool Utrecht, 2012, 

p.2). 
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In addition to the study on the TAUM, the research in this thesis (e.g. Chapter 3) has 

resulted in multiple design, project, and implementation guidelines and 

recommendations for effective telecare services and use. In the next sections, each 

advice is explained and illustrated by our findings, followed by possible solutions. 

 

6.2 Telecare functionalities must fit to needs 

 

The expectations of smart home and telecare technology being useful for home (care) 

situations are increasing, and the application is growing constantly. Meanwhile, it is 

still often unknown what the exact needs of the end-users are, and therefore in what 

way the technology can be supportive. Acceptance of smart home and telecare 

technology is positively influenced by the compatibility between needs and the 

expected and experienced benefits (Peeters, De Veer, Van der Hoek, & Francke, 2012). 

In the study in Chapter 5 a lack of fit was the main reason for rather low experienced 

benefits: participants were not yet in need of ‘distant care’, while people with a certain 

need for care (e.g. care indication) or support (e.g. widowed) benefited the most from 

telecare. To increase the effectiveness of telecare, beneficial functionalities for elderly 

users with specified needs must be denoted. However, the translation of needs to 

system functionalities and applications requires further research and documentation.  

 

At the same time, it is difficult to make a business case based on the promising effect 

of telecare on prevention, i.e. on postponing the need for care by implementing smart 

home or telecare technology (in fact, many Dutch telecare projects are based on this 

principle: e.g. ‘Ouderen in Eindhoven’, Brainport Health Innovation, Eindhoven; 

‘OnsNet’, Son & Breugel). On the one hand, a financial compensation for telecare 

functionalities for people who are not yet in need of care is lacking. On the other hand, 

the (preventive) benefits are difficult to prove, as it involves long term benefits (e.g. 

postponed appeal on welfare or care resources).  

 

To increase the effectiveness of telecare, it is important to define the envisioned target 

group. For technology designers it is relevant to understand who the target group is. 

What goals are important for them; what are their needs, and thus, what benefits are 

expected from the technology? Also care organizations in telecare project must be 

aware of the group of people they want to support with technology. For certain 

patient groups technology can become part of the health care provision process. 

However, not all technologies are useful for every group or individual. Based on the 

needs of the end-users and those of other users (e.g. (in)formal caregivers) a selection 

of technological functionalities can be made. A useful tool to select these 

functionalities is a model presented by Nictiz (Krijgsman, Eertink, van der Leeuw, & 

Zondervan, 2012). 
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The technology can , therefore, better be implemented – first – for specific patient 

groups, with a specific need for care, like COPD, diabetes, or CVA patients, who 

already receive long-term care (Peeters et al., 2012) and have certain financial 

resources (via AWBZ1 or WMO2) and who may already experience some benefits 

brought by the technology (better physical control, information availability, and less 

travel time for doctor or hospital visits (see for example Evers, Blijham, & Willems, 

2009; KNMG, NCPF, & ZN, 2012). The Dutch policymakers are focussing specifically 

on telemonitoring for patients with diabetes mellitus and chronic heart failure, as well 

as teleconsultation for dermatology, as the best effects are found for these target 

groups (KNMG, NCPF, & ZN, 2012; Schippers, 2012). With the current amount of 

elderly people suffering from these diseases, and the expected growth of people with 

these diagnoses, the technology may help to reduce the pressure on care organizations 

by focusing on these specific patient groups. 

 

6.3 More benefit evidence is needed 

 

There is a lack of evidence of (beneficial) effects of technology use for specific groups. 

It is, for example, still rather unclear what the effectiveness of telecare and smart home 

functionalities is for elderly people, patients, (in)formal caregivers, and care-

organizations (see also Black, Car, Pagliari, et al., 2011; Peeters & de Bie, 2012). 

Without a defined fit between functionalities and benefits, a paucity of empirically 

demonstrated evidence of benefits, and a lack of evidence of cost-effectiveness (Black 

et al., 2011), there is no chance of a feasible business case.  

The study in Chapter 5 showed that a screen-to-screen telecare system can have 

beneficial effects on well-being, feeling of safety, feeling of independence, and 

independent living. However, these benefits differ along persons, depending on their 

needs and depending on the functionalities of the system. This, again, proves that 

personal needs should be collected as identifiers for telecare functionalities, to achieve 

eventual benefits of the technology interaction. The system under study, for example, 

was most beneficial for people suffering from lung diseases, rheumatics, and with 

mobility or hip / leg / back problems, while people who were divorced or widowed 

benefited more than singles and married couples. The telecare system was meant to 

provide more benefits than a regular alarm button, but the personal alarm was 

mentioned to be the most important functionality of the system, in parallel with the 

fact that people could immediately and directly come in contact with the care centre. 

On the other hand, while the personal alarm (normally) provides safety or 

                                                             

1 AWBZ: Exceptional Medical Expenses Act; general law on exceptional medical expenses [Algemene 

Wet Bijzondere Ziektekosten]. 

2 WMO: Social Support Act [Wet Maatschappelijk Ondersteuning]. 
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reassurance, it did not significantly increase feeling of safety, independence or 

independent living according to the participants in the implementation study (Chapter 

5). And although the telecare system seemed to offer other benefits than increased 

feeling of safety and reassurance as well, – for example increased well-being, feeling of 

independence or the possibility to live independently – these benefits were not 

mentioned by the participants themselves as beneficial outcome effects.  

 

More tests of beneficial effects are required to test whether goals are met at the end of 

a telecare technology implementation, preferably in a randomized controlled trial 

(Evers, Blijham, & Willems, 2009; Black et al., 2011). Therefore one should define at the 

beginning of such trial or project what effects are expected, and how this can best be 

measured. This also includes selecting the target group were best effects are expected. 

A helpful tool is offered by Nictiz, who published a white paper on the arrangement of 

e-health applications, considering the users, the technology, and the care process 

(Krijgsman & Klein Wolterink, 2012). 

 

The second problem of a lack of evidence is that much knowledge on telecare effects is 

not sufficiently available to others (see also Peeters & de Bie, 2012). The knowledge on 

technologies and functionalities in home care is increasing, but still fragmented. This 

knowledge needs to be collected, made available, and distributed – in a tangible way, 

beyond scientific conferences – to all stakeholders interested in implementing smart 

home and telecare technology. Although such attempts are made in the Netherlands 

(see for example http://www.kcwz.nl/; http://www.domoticawonenzorg.nl/; 

http://zorginnovatieplatform.nl/; http://www.smart-homes.nl/), it is unclear how this 

knowledge can be utilized. It is necessary to educate people for a new profession, both 

technology and care oriented, being able to bring this knowledge to whom it may 

concern. Such attempt are made in subsidized projects by some Dutch Universities of 

Applied Sciences, such as Utrecht and Fontys, but also the development of a telecare 

wiki by J. Grin and P. Stevens (Grin & Stevens, 2012) and an eHealth Guide under 

development by the Dutch Patient Consumer Federation (NCPF) (KNMG, NCPF, & 

ZN, 2012). 

 

6.4 The technological challenge 

 

Despite the innovation initiatives, technical problems are still a major barrier for 

successful implementation of telecare and smart home systems. The technology to be 

implemented must function at all times, moreover should it be accessible. The 

technology must be tailored to the situation and skills of the users, involving user-

friendly interfaces; comfortable technology interaction; and non-stigmatizing design. 

Daily constraints such as memory loss, low vision, and hearing difficulties (common 

constraints coming with age) might also obstruct the effectiveness of the functionalities 

of a telecare system. 
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Technical problems found in this thesis involved malfunctioning devices, power loss 

and connection failures. Regarding accessibility, the telecare interface did not fit the 

technology generation it was designed for. As the envisioned users were in the third 

age (active retired), the system should have been designed according to the electro-

mechanical technology generation (Docampo Rama, 2001). The Windows-menu 

layered interface design however did not meet this requirement. In addition, the 

interface design was also not typically designed for people who were hard of hearing, 

had low vision, or were somewhat forgetful. As a result, many functionalities were not 

known and used, as they did not exist in the mental representation of the interface of 

the participants.  

 

To overcome the problems illustrated above, technology providers must be aware of 

and communicate the limitations and possible (connection) problems of their 

technology at the beginning of the implementation. Extensive user testing by the 

technology providers – to increase awareness –, as well as the development of a 

flexible interface design is required. Telecare system design also needs accessibility 

requirements for the hearing impaired, and for the mentally impaired: 

synchronization of sound and picture, subtitles, and visual feedback can help the 

hearing impaired, while people with dementia or who are somewhat forgetful need as 

less interaction with the technology as possible, and otherwise as intuitively as 

possible. 

 

Meanwhile the technology is not working without problems, and interfaces cannot be 

used solely on intuition, therefore it is important to provide support and training. 

Without support, problem situations during the use of the system lead to de-

motivation and a high probability of abandoning the system. Training on how to use 

the system is needed at all levels: nurses who interpret the data, family members who 

remotely receive information, and elderly people who interact with the system at 

home. One should realize that elderly participants need more guidance during pilot 

tests than younger participants, while caregivers need to be motivated to use 

technology in the care process. The best way to increase the acceptance along 

caregivers is to include the use and implications of smart home and telecare 

technology in the curricula of social and nursing studies. Eventually, there must be an 

educational specialization in the field of care and technology for this envisioned 

profession. 

 

6.5 Smart home and telecare organization  

 

The project organization around the implementation of smart home and telecare is 

complex. One of the problems of implementing smart home and telecare technology is 

the perspective of stakeholders that innovation means implementing these new 
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technologies. Implementing telecare technology is more than a technological 

innovation. It involves process innovation as well. The introduction of smart home 

and telecare technology in (home) care influences the structure of the individual care 

and welfare organizations, while it often leads to new collaborations between health-

care, welfare and service organizations. New working protocols need to be developed 

that fit the new processes. 

An implementation process, in theory, proceeds with the following steps: 1. 

Technology testing; 2; Pilot: focussing on acceptance; 3. Organizing underlying 

processes; 4. Implementation; 5. Use. However, effective testing of technology and 

technology acceptance in practice is only useful in case the technology is on a process 

level already partially organised. As found in our study in Chapter 5, people comment 

or react negatively on ‘the system’ when the organisation of processes is not properly 

organised, while the technology might be acceptable. In this case, the technology is not 

accepted, although it might have been accepted in case the processes were experienced 

positively. 

 

For a successful implementation, cooperation of multiple partners is necessary (e.g. 

KPMG, NPCF, & ZN, 2012; Schippers, 2012). When a company, housing corporation, 

or welfare or care organization decides to implement smart home or telecare 

technology in their business, the first thing to do is to bring together all other 

stakeholders involved. The innovation is not the implementation of technology alone; 

it involves cooperation with other businesses to provide new or other services. It is 

important to innovate through a multidisciplinary, and preferably interdisciplinary, 

project team (co-creation). As stakeholders may have different goals and interests, it is 

important to communicate these expectations in workshops or other meetings in 

which project goals are defined. It should be clear what effects each stakeholder wants 

to achieve by implementing new technology. Setting goals and knowing what benefits 

are expected is necessary to make decisions later on regarding functionalities of 

technologies, and also to evaluate whether project goals are reached at the end.  

 

The implementation and design route should also be more iterative. The stakeholders 

involved must be aware of the fact that (Sponselee & Schouten, 2012):   

- choosing technology is not the only (important) step towards innovation; 

- implementation is a process that takes time, and involves a change in care 

processes as well; 

- in parallel with the technological innovation, the process innovation involves 

revising processes, and informing and training care professionals, in order to 

increase acceptance in the workplace; 

- end-users need to be well-informed about and supported in the 

implementation process; 

- the process needs a proper overarching coordination.  

The implementation of telecare thus involves a range of steps to be taken, related to 

the multiple stakeholders. In Table 6.1 an example is given of implementation steps 
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and corresponding responsible stakeholders. The implementation steps on the left are 

partially based on the studies described in this thesis (e.g. the importance of 

articulating and communicating the goals of stakeholders at the beginning of a project; 

see also section 2.3). Table 6.1 serves as an example of a tool that can be used in 

telecare projects, to determine steps and responsibilities of stakeholders involved, and 

discuss, communicate, and agree upon these. The stakeholders will vary depending on 

the project. This tool was presented at a convention1 and was received well by the 

attendees, but needs further research on validity and evidence for the future. 

Table 6.1:  Checklist for telecare implementation: implementation steps and 

stakeholders’ responsibilities. 
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1. Vision X X X

2. Goals X X X X X X X X X

3. Needs X X X X

4. Expectations X X X X X X X

5. Role of technology X X X X X

6. Telecare as part of care proces? X X X X X

7. Implementation plan X X X X

8. Organisation / Roles? X X X X X X X

9. Information / Training X X X X X

10.Service / helpdesk X X X X X

11.Costs  X X X X X X X X X X X

12.User-friendliness X X X X X X

13.Personal preferences / needs X X X X X X

14. …

 
 

6.6 A financing structure is required 

 

Costs associated with telecare implementation are related to investments, 

maintenance, and operation. These costs are often borne by funding agencies only in 

the early stages of implementation. However, for continuation of implementation and 

                                                             

1 Congres Zorgdomotica, April 13, 2012, Woerden, the Netherlands.  
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use there is a lack of financing structure. Also for large scale implementation of smart 

home and telecare technology a transparent and comprehensive structure is needed, to 

answers all questions individuals have concerning their financial obligations.  

 

An additional financial problem is that investments and financial benefits often do not 

appear in the same economic sector. While care organizations invest in telecare, 

hospitalization, medication, or other healthcare, needs may be prevented, resulting in 

reduced costs for insurance companies, local and national government. The 

complexity of introducing technology in home care is illustrated in Textbox 6.1. 

 

 
 

National and local government as well as health care insurance companies must 

consider their role in the structure and take their responsibility. In the National 

Implementation Agenda (NIA) eHealth the Dutch health insurance companies (ZN) 

state that e-health will become part of the contract policies (and thus financial 

structure) with care organisations (KPMG, NPCF, & ZN, 2012). The financial system in 

the Netherlands is currently under construction to make the technology better 

accessible for everyone (screen-to-screen care for long term care is structurally 

financed from January 2012 on; telemonitoring for people with chronic heart failures, 

telehealth for diabetics, and teleconsultation will be financed structurally in the near 

future  (KPMG, NCPF, & ZN, 2012); video consultation will be financed likewise 

physical consult with medical specialists (Dorresteijn, 2012)).  

 

Another solution involves a paradigm shift, which will probably take longer, but is 

inevitable. Especially Dutch citizens are accustomed to the so called ‘welfare state’: the 

government will take care of you, whenever you are in need of something. Due to the 

Textbox 6.1: Compression stocking aid. 

 

For putting on and removing compression stockings, several aids and systems are on 

the market (de Gruijter, 2005). By using this aid, the physical burden (Gelderblom, 

Seelen, & Soede, 2001; Beune & Evers, 1999) can be reduced for both caregivers and care 

receivers. Besides, in case the care receiver is capable of putting the stockings on 

himself, he is no longer dependent on the availability of the caregivers, and therefore 

has more control over his daily rhythm. Moreover, the collateral damage (also 

financially) of people walking around without wearing compression stockings – as a 

result of having to wait for a nurse to come – is calculated to be enormous (S. Persoon, 

personal communication). 

Nevertheless, the use of these aids and systems is still limited. Not only are care 

receivers accustomed to having a caregiver around for helping them, both are not 

sufficiently aware of the possibilities (aids / systems / technologies) that are available. 

Besides, the home care is financially compensated for, while physically unburdening the 

caregiver is no legitimate reason for compensating these aids (de Gruijter, 2001). 
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enormously increasing care expenditures, this welfare state can no longer be 

preserved. The Dutch government is already economizing the long term care, and also 

domestic help will no longer be compensated for in the future (Ministerie van VWS, 

2012; Rutte & Samsom, 2012). People will have to realize that they are responsible 

themselves for more and more services that were previously provided by the 

government. 

 

6.7 Overall conclusions 

 

The features for effectiveness of smart home technology and telecare services as 

described in this chapter are ordered in Table 6.2. The recommendations presented 

here, correspond highly with other current research (e.g. Sol, 2012; van Ginkel, Scharft, 

& Kalverboer, 2012): involve the elderly end-user or patient to come to needs-driven 

innovation; develop a thorough plan beforehand with all stakeholders involved; write 

a business case; test the concept before implementation; include and take care of the 

implementation process. Another important conclusion is the need for support and 

training of care professionals, including the latest technology in care education in 

order to get potential care workers acquainted with telecare, as well as including the 

care application field into technical studies, in order to slightly bridge the gap between 

developers and users of telecare. Fortunately, in the Dutch educational field an 

increasing amount of ‘technology and care’ related studies (both major and minor 

studies, in both higher and lower education) are being developed, sometimes 

supported by governmental subsidy.  

 

Despite the high number of possible stakeholders involved in the implementation 

process of smart home and telecare technology, this thesis mainly focuses on the role 

of the care organization, welfare organization or housing corporation, that want to 

offer telecare services to their clients; the smart home and telecare designers and 

developers, who offer the technological means to provide these services; and – most 

importantly – the end-user, the elderly client, who has needs requiring support to be 

able to live independently.  

In comparison to the projects in this thesis, current telecare projects may have  more 

and other stakeholders involved in the process. The scope of telecare is extending, 

whereby  more stakeholders initiate and participate in telecare projects. At the same 

time, stakeholders change constantly and learn from other project experiences as well 

(although not as much and effective as possible, see also section 6.3). Nevertheless, 

conclusions from this thesis, based on specific project situations and organisations, can 

to a certain extent be generalised and translated to other organisations and situations. 
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Table 6.2:  Problems and possible solutions for the effectiveness of telecare services. 

 

Problems related to:   

 Needs Functionality Technology Organization Finance 

 Needs 

unknown 

Functionality 

-Benefits 

evidence  

Technical 

problems 

Complex 

project 

organization 

Lack of 

financial 

structure 
      

 Translation 

needs - 

functionality 

Availability 

of 

knowledge 

Accessibility Process 

innovation 

neglected 

Individual 

financing 

unknown 
      

Possible Solutions (per stakeholder) for:  

 Needs Functionality Technology Organization Finance 

End- 

user 

Get involved     

      

Care 

org. 

Involve end-

user and 

caregiver 

Learn from 

others  

Organize 

support and 

training 

Communi-

cate goals  

Start 

business case 

      

 Define needs 

(focus on 

long-term 

care) 

 

Focus on 

target groups 

with selected 

functionalities 

& benefits 

 Cooperate 

 

Communicate 

expected costs 

to end-user 

      

    Reconsider 

protocols 

 

      

Design User test 

(elderly & 

care) 

 Communicate 

limitations 

  

      

   User test 

(accessibility) 

  

      

Research Research 

user needs 

 

Research 

relation 

functionality

- benefits 

Requirements  Research on 

business case 

including 

SROI 
      

 Research 

relation 

needs-

functionality 

Research 

benefits in 

RCT 

   

      

Others 

 

Define target 

group, assess 

needs of 

end-user and 

care-

organization 

Collect 

information 

 

Support and 

training 

 

Communi-

cate project 

goals 

 

Start 

business case 

 

   Table 6.2 continues on next page 
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  Document 

knowledge 

 

Technical 

education 

including 

care;  

Cooperate 

 

Government 

include 

technology in 

health care / 

welfare fees 
      

  Educate 

professionals 

who can 

translate this 

information 

to the market 

Care 

education 

including 

technology 

New 

collabora-

tions 

Insurance 

companies: 

take 

responsibility 

      

 Application 

pull 

 Standardi-

zation (by 

government) 

  

 

 

The goal of this thesis to ‘define telecare services and functionalities that are beneficial 

for elderly people in their third age’ is partially met. In our study the alarm 

functionality appears to be most effective and beneficial, although it is not specifically 

a telecare functionality. Other telecare services appear to be beneficial depending on 

personal situations, or for specific user groups, e.g. for people who are mobility 

impaired, who need medication on a daily basis, or who receive specific therapy. Care 

organizations as well as researchers have to invest more in defining user needs, and 

effect studies. In our study on the effect of telecare participants indeed reported 

increased well-being and an increased feeling of safety and reassurance due to the 

alarm and care centre functionality. However, it was not a randomized controlled trial, 

as preferred, and the effects are not as diverse as often promoted (e.g. increased  

quality of care, elongation of independent living). In this thesis the focus was on 

beneficial effects of telecare services from an end-user perspective (e.g. well-being and 

feeling of safety). Beneficial effects for caregivers or care organisations, related to 

quality of care, reduced pressure on care, financial profits, or adequate reply to care 

demand, have not been studied here directly or objectively. Intensified research is 

needed on these and other outcome effects of telecare services.  

Our goal to define telecare design requirements was extended with implementation 

requirements, as telecare effectiveness appeared to depend largely on the virtue of 

telecare implementation. Evaluative studies on telecare are often overtaken by events, 

as software and technology developments progress faster than the time these studies 

take (Schrijvers, 2011).  

 

The technologies under study in this thesis were also still under development, and 

have been upgraded during and after the research regarding processing capacity, 

user-friendliness, costs, and functionality. Despite this lag in evaluative studies, the 

results on, for example, needs, effective functionalities and services, and interface 

design remain relevant for further telecare research and implementation. Both design 
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and implementation requirements resulting from this study deserve to be considered 

thoroughly in future smart home and telecare projects.  

Based on the results of the sub goals mentioned above, a telecare acceptance and use 

model is proposed and tested (see Fig. 6.2 and 6.3). While the output is already 

valuable, the model needs further research to make it broadly applicable for all smart 

home and telecare projects, and more useful by operationalizing all items required.   

 

The main goal of this thesis is to identify features for telecare effectiveness and to 

advice on how telecare can be more effective in home care situation. While smart 

home and telecare projects become more and more subject of research, this thesis 

highlights several issues that are most valuable and rather unique in relation to other 

telecare studies. First, the study has proven that designers indeed have to be aware of 

the ‘technology generation’ issue. As Docampo Rama (2001) already stated, in order to 

create user-friendly interfaces, the design has to fit to the technology generation 

people belong to. In this study, the telecare software changed over time in such a way 

that it changed from an electromechanical interface to a menu driven product. 

Participants were not able to understand and use this new interface, as the ‘menu-

design’ was not generation fit.  

Second, this study was based on telecare services rather than on technology. Telecare 

research should be less technology driven, but more service based. Technology is 

merely a means, although this means can have better and worse versions worth 

studying.  

Thirdly, this thesis has tested the effect of telecare functionalities rather than the effect 

of an entire telecare system on the well-being of elderly people living independently. 

The contribution of telecare functionalities to the effectiveness is measured separately, 

and makes it possible to draw conclusions based on separate telecare functionalities.  

Next, although not by means of a randomized controlled trial, the effectiveness of 

telecare from an end-user perspective is measured in this study. Participants are asked 

to mention and rate expected and experienced outcome effects of the diverse telecare 

services. The effectiveness appears to be lower than envisioned. This lack of evidence 

should actually get a more prominent place in the discussions on the application of 

telecare in (home) situations in order to reduce expected healthcare expenditures and 

rising costs. 

And finally, this thesis has demonstrated what parameters influence the benefits of telecare 

services. Personal and ‘need’ related parameters, such as care indication, health, 

mobility, and daily constraints appear to have a high impact on the beneficial effects 

that telecare services can have on elderly people. It emphasizes the importance of a 

thorough ‘needs-functionality’ fit.  

Further research is needed to further specify the individual contribution of variables 

on telecare acceptance and adoption of other e-health-related technologies. 
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Appendix I:  Trends and developments I 

 

 

Inventory of trends and developments that may influence the application of smart 

home technology in the (home) care sector (Bösdael project, Tegelen): 

 

 

Individualisation 

/ elderly issues 

 

Necessary functionalities depend on demand 

(Experience of) End-user should be central 

(Have to / want to) Live independently for a longer period of time 

Importance of (social) safety and comfort 

Seniors nowadays versus future seniors versus youth 

Housing 

 

Life-independent housing / building integrally 

Building as a shell around installations / significance of system 

integrator 

Location of the building of primary importance 

New methods of construction (system construction) 

Building as means, not as goal 

Knowledge 

 

Significance of ICT engineer 

Consultant company that also asks for information 

Significance of cooperation (continuous / clusters) 

Linguistic barrier between demand and supply (learn to listen) 

Need for knowledge within companies 

Need for knowledge within (end-)users 

Significance of process manager 

Training (giving and taking) 

Care 

 

Hotel manager in the care 

Efficiency of process of services 

Diversity in care giving 

Remote care (diagnosing, monitoring, observation, social) 

Reduce costs of care 

Mobile services 

Technology 

 

Self-evident technology 

Acceptance of technology 

“Technology is good” works contrarily 

Usability most important 

Learn from international practices 

Applicable in development and existing housing 

Significance of standards (protocols) 

Fun aspect of smart home technology (multi media) 

Personalising products (custom-made) 

Significance of technology being independent of brand/supplier 

Significance of product innovation 

Integration with usual technology 
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Government 

 

Subsidy? / Diverse financial sources for different functionalities 

Information 

Disposable income of the elderly 

Significance of informal care 

Demographic 

developments 

 

Lack of attention for privacy 

Danger of becoming lonely 

Decrease in labour force 

24h economy 

Increase of leisure time 

“more physical exercise” 

Dichotomy in society: money – culture 

Increased number of chronically ill 

Ageing 
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Appendix II:  Trends and developments II 

 

 

Inventory of trends and developments that may influence the application of smart 

home technology in the (home) care sector (IJsselveld project, IJsselstein): 

 

 

Individualisation  

 

Self-steering ability 

Competition: what should I choose? 

Reduction of community facilities in the neighbourhood 

Decrease in social security 

Independent living 

Housing 

 

Current building heritage not life-independent 

Sales of rented accommodations 

Adapting living environment 

Independent living for a longer period of time is not a free choice 

Sheltered housing 

Care 

 

Extramuralization (breaking down nursing homes and residential 

care homes) 

Competition: what should I offer? 

Care organization / caregiver has to adapt to other cultures 

Increasing number of service providers 

Shopping for day activities 

Complex issues 

Decrease in (wo)manpower 

Lack of accessibility of care provider and insurance 

Logistic processes can be improved 

ICT /  

Smart Home 

Technology 

Lack of training for care personnel and client 

Susceptibility 

Technology dependency 

Standardisation of technology / protocols versus freedom of choice 

‘Unlimited’ technology (?) / The power of technology 

No way back: you cannot say ‘no’ 

Government 

 

Care decisions on the basis of costs 

Thinking in ‘short run’ 

European laws 

Changes in AWBZ 

Government is driving force 

Withdrawal of government 

Bureaucratic 

From pillar to post 

Local government plays a part on its own 
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Demographic 

developments 

 

Increased pressure on informal care / Decrease and shortage of 

informal care 

Increased fear and distrust 

Decrease in disposable income 

Language difficulties 

Increased loneliness (WMO) 

Lack of attention for privacy 

Increased mobility of elderly 

Need for custom-made transport 

Working after the age of 55 / Working until the age of 65 

Social desolation 

Double ageing 

Increased number of chronically ill 

Ageing of allochthonous people  

Dichotomy in society: money – culture 

Issues with young people versus ageing 
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Appendix III: Future Trends in Housing, Welfare, and Care. 

 
Figure III: Developments (Appendices I & II) placed in a multidimensional matrix, in 

which the developments are connected to one or more ‘issues’ (in red and blue).
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Appendix IV: List of Experts participating in Expert meeting 
 

 

Expert meeting at Fontys University of Applied Sciences, Venlo, January 15, 2010  

 

Expert M / F Company / Organisation Stakeholder 

1 M Zuidzorg Home Care & Welfare organisation 

2 M Proteion Home Care & Welfare organisation 

3 M Vivre Home Care & Welfare organisation 

4 M Stade Advies B.V. Consultancy   

5 M Cheza Consultancy Consultancy / research 

6 M Commanerij College Education 

7 M Fontys University of Applied 

Sciences 

Education / research 

8 M Fontys University of Applied 

Sciences 

Education / research 

9 F Fontys University of Applied 

Sciences 

Education / research 

10 M Fontys University of Applied 

Sciences 

Education / research 

11 M HS Zuyd Education / research 

12 F ZonMW Research (Government) 

13 M AI-Tec B.V. System integrator 

14 M Isolectra B.V. Technology developer 

15 M Philips Applied technologies Technology developer 

16 M Isolectra B.V. Technology developer 
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Appendix V:  Extended summary of Expert meeting 

 

 

Expert meeting at Fontys University of Applied Sciences, Venlo, January 15, 2010  

 

Statement 1: Current systems are (not yet) applicable / too complex for elderly users 

‘Systems’ too broadly defined; network of systems / connection often the problem 

Users  differentiate 

Applicability: involves ‘interaction’ 

Development chain: 

- Flexibility 

- Demands / requirements are designers’ concern 

- Take into account the differences between users: 

- Possibility to leave things out!  

Accessibility: end-user is more concerned about: reliability! 

Depending on the product it differs: 

- alarm: okay 

- screen-to-screen contact: complex 

- developments in the field of Ambient Intelligence: maybe people want to have 

more control over their own system  

 

 Software needs to be developed that is flexible / custom-made, and can be 

controlled by the end-user himself. 

 Therefore end-user / client profiles are needed 

 For caregiver it is also too complex; preferably it would function everywhere in 

the same way. 

 For financers  needs assessments required 

 The infrastructure must develop along: custom-made. 

 Software too complex for novice user. 

 Installation sector  developed for themselves, not based on ‘purpose’ / ‘need’ 

 Importance of Human Computer Design 

 No purifying effect of market forces 

 It is (and will stay) a mixed market: 

- Subsidy /funding 

- AWBZ (Exceptional Medical Expenses Act) 

- WMO (Social Support Act) 

- Private money 

 Regular / formal care 

 Example: Compression stocking aid. Proven effectiveness. But takes away care, 

so no financial compensation given! 

 Accessibility  safety 

 Requirements for quality of screen-to-screen communication:  too high 
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Simplification: 

- What do I actually want? 

- Requirements 

- Functionalities 

- Safety 

 

 

Statement 2: Technology on its own is not sufficient: new (care) processes and     

                        services are needed 

Ad 1) 

As a reaction to Statement 2 a counter question was posed: Is there a need for more 

technology? This counter question is posed as there is actually already a large amount of 

technology available that is used in a very limited way. Chances are missed in 

translating technology into functionalities (which in fact endorses the statement). In the 

discussion on this topic it is stated that care organisations actually have insufficient 

incentives to implement technology into their organisation. The reasons for that are 

diverse. An influential factor in long-term care, in comparison to cure, is the fact that it is 

difficult to determine the goals of interventions from a care perspective (content; 

process). In cure, the goals of intervention is life extension or improvement of physical 

functioning. This functions as a helpful trigger for a content aspiring goal. In long-term 

care the goals are quality of life or increasing participation; which have no innovation 

focussed effect.     

 

Ad 2) Is it just technology? 

 

Definitely not. There are multiple influential factors. 

Finance: In care and provision of services finance is decisive for organising the business 

case. In this context the following issues are important:  

1. The appreciation of the quality improvement that can be achieved; not all 

stakeholders involved appreciate and assess it in the same way 

2. The goal of the application is relevant for whom; client, employee, 

management  

3. Who will invest and who receives the benefits; care organisation, housing 

corporation, insurance company, et cetera.  

4. The relation with terms of employment of employees; improved efficiency 

may lead to increased workload, and sometimes to different financial 

appreciation of work.  

Control over the improvements and activities 

1. Is done by management, thus based on prudential motives or motives 

concerning care content 

2. What changes in the responsibilities of the caregiver and how is that 

appreciated? There is a shift in competences (multidisciplinary care), and 

does everyone involved in this chain agree?  

The ‘not invented here syndrome’ applies to the care sector. Organisations do not 

communicate openly to each other. They are in a certain way also competitors of each 
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other. Therefore, they do not react freely to opportunities to innovate. There is a strong 

need for each organisation itself to investigate the possibilities instead of making use of 

the expertise and experience of others.  

The implementation of technology as part of the multidisciplinary care, as well as the 

organisation of the care in these chains itself leads to an increasing discussion on how is 

in control. In that case, care-based, financial, and organisational responsibilities 

intertwine. In the complexity of regional cooperation and management based on 

financing, it is difficult to shape the right course.  

 
 

Ad 3) What is the driving force behind this development? 

  

For companies it would be the creation of true market forces. Even for clients this 

would be the driving factor. That is the only way to profit from the new 

developments. For care organisations it is more complicated. 

 

Hindering Driving 

The benefits of technology 

implementation are distributed 

unevenly. Care organisations have no 

means to invest in care (or do not take 

responsibility) and are depend of 

others.  

The aspiration for quality 

improvement. Making possible quality 

improvement visible can be a strong 

driving factor.  

No vision on functionality and 

implementation of technology in care; 

for what reasons would you employ 

technology?  

Motive for freedom of choice in care. 

Every situation is personal. Being able 

to differentiate between possible 

solutions and delivery on demand is 

then beneficial.  

No cost-benefits analyses are being 

made. This counts for both existing 

and new activities. 

Possibilities for private funding are 

present when working beyond formal 

care and rules on medical expenses.  

 Use of technology may promote 

participation of people.  

 

It is noticed that the distribution of hindering and driving factors may lead to a 

dichotomy in the market. Not only from a client perspective, but also from an 

organisation perspective this seems to appear.  

 

Ad 4) What steps could be taken? 

 

- The arrangement of a ‘housing service community’ may lead to increased participation. 

Therefore, cooperation with multiple stakeholders is necessary. 

 

- The re-invention of the meaning and importance of ‘welfare’, also when organised by 

means of technology. 
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Currently, there is no reason for people to continue this development. Existing structures 

are too restrictive.  

 

On the other hand, people with a clear vision continue the development.  

Gradually new possibilities arise, also in a broader sense. 

 

It is highly important that financial barriers disappear. The partition between housing, 

welfare, and care, and even within these sectors need to be taken away. Only then the 

development of an effective and integrated supply is possible. See for example 

‘Buurtzorg’; a breakthrough in the existing systematics, that fits to the needs of clients, 

and the incentives of employees (caregivers), and functions well financially.  

 

Cooperation between first and second line support (care and cure) is necessary; 

however, problems regarding management and control must be solved.  

 

Ad 5) What steps to be taken first? 

 

- Start with putting the incentives at the right place; innovations based on content of care 

need to be initiated by care organisations. When technology can have added value to 

care, this can only be determined by a certain vision on care. In other words, cooperation 

from the right perspective. 

 

- It is necessary to divert the current money flows. From a more generic client related 

financing structure, via DBC (diagnosebehandelcombinatie; Casemix) and ZZP 

(zorgzwaartepakket; care intensity package) it is changing into a rather specific financial 

organisation. That is not very helpful. The vision of the experts in this group regarding 

the possible solution, relates to more market forces. Give clients the possibility to 

indicate what is needed, and arrange the organisation of the care process in such a way. 

Remark: in long-term care this is possible due to the development of  ‘experience in 

practice’. In curative care the role of the practitioner will stay more important, due to the 

acute character of the demand. 

 

- The current discussion on values (costs efficiency versus increased quality of life) must 

be ended by means of strong arguments. The development of a systematic ‘social 

business case’ is the most adequate approach for this.  

 

Ad 6) What will happen when is (no) success? 

 

This expert group comes quickly to an agreement. The technological development will 

always continue and has its own dynamics. The application of the technology in care 

and welfare depends on external factors. That leads to several possible situations: when 

external factors work against (B), then technology use will be limited, in comparison to 

the current situation (A). When external factors work on the advantage, technology use 

will increase (C). A graphical representation of the situations is given in the figure 

below.   
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Statement 3: The current business model for remote care is hindering investment,  

                        innovation, and scaling  

First, the points of interest mentioned by the Algemene Rekenkamer (the Court of 

Auditors) were cited: 

1. Not enough incentives for care organisations  

2. Large complexity  

3. Existing (financial) capacity (AWBZ) is not utilized  

4. Unfamiliarity (with technology)  

5. Absence of business models  

6. Costs and benefits are not clear: who is responsible for what costs and what are the 

sizes?  

7. Medical and juridical consequences are unknown  

8. No standards  

9. No education  

10. Large cultural differences between stakeholders  

11. The absence of (central) control 

 

It is important to: 

 

1. differentiate towards stakeholders 

2. clearly qualify as well as quantify the driving and hindering factors  

3. focus on the solution direction: who, what, when  

4. prioritise in problem statement and solution. 
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In the discussion a distinction is made between 

 

A. Technology and infrastructure 

B. Services 

 

With regard to business models: 

 

There is not a situation of perfect market (forces). The question is whether this is actually 

required. Conclusion was that market forces are necessary on the level of A) technology 

and infrastructure, and that investment should take place as soon as possible, with not 

only care as service component. A combination with energy, safety, communication (no 

more fights in the electricity sector).    

 

With regard to services, we must accept that the market is artificial (in analogue with 

railway infrastructure versus passenger transport, or the energy market).  

Stated more strongly: the care services have a social relevance in such a way that digital 

care must be considered as a basic facility based on communal sense and solidarity. 

 

There was also a discussion on decentralization of services (neighbourhood, city, region) 

with a difference in approach and stakeholders. 

 

Recommendations: 

 

1. Reduce complexity by clear quantification and qualification 

2. Distinction between A) Infrastructure and B) Services, with their own business 

models.  

3. For both sectors a distinction between investments and exploitation (budget) 

4. A combination of forces for A.: government, science, developers, et cetera  

5. Return on investment models (pay per accident?, how, personal contribution)  

6. Education in care and technology (digital care)  

 

Prioritising 

 

1. Innovation must be the most important driving factor, but not without joined forces  

2. Implementation with regard to effectiveness, ReturnOnInvestment and 

standardisation (national working group?) 

3. Investments in infrastructure 

4. Joined forces / collaborate 

 

Perhaps, in that way we may go from an artificial market to a more realistic market.  
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Statement 4: Application pull: we are insufficiently able to translate elderly  

                        people’s needs into smart home and telecare functionalities  

Instead of talking of ‘elderly people’ in general, it is better to make a distinction between 

various groups (profiles, but how many: min./max.?): 

1) Vital elderly people: Are able to do almost anything by themselves, have no or 

little need for help, live independently, are autonomous 

2) Independent elderly people: Are able to do most by themselves, but have a 

minor need for help and home care. Are mainly autonomous  

3) Physically restricted elderly people: Are more in need of help, are not 

independent; often live in a care facility, receiving care and support 

4) Mentally restricted elderly people / people with dementia: Are almost not 

capable of doing things on their own, have a high need for help and care; are 

dependent and also deal with the difficulty of not being able to express their 

needs and preferences. 

 

In addition, other classifications are possible, e.g. based on financial position (rich or 

poor), but that will not lead to an accurate global classification of categories. It is always 

important to know what kind of elderly people you are dealing with. Therefore it is best 

to ask elderly people individually for information on their wishes, as everyone is unique 

and has its own preferences. 

In general, it seems that elderly people mainly want to keep their independence, their 

autonomy, and their privacy. An example to illustrate this, is the ‘shower toilet’, a 

possibility to go to the toilet without the need of others.  

This counts less for people in the fourth category, as they cannot live their lives without 

the help of others. 

 

Problems that have been observed and were mentioned by the expert group:  

 

-The fact that people with dementia are less able to express their preferences of wishes 

makes it more difficult to make an inventory of needs and to know whether the selected 

solution/care is preferred by the elderly client involved.  

-There have been multiple studies on and inventories of needs, but is not being utilized 

as much as possible. A good translation of needs to functionalities is lacking.  

-Policy / commercial value (profitability and scalability) / practise / research are often not 

balanced. 

-For suppliers scalability / profitability are often more important than individual or 

specific solutions.  

-Regional partners and suppliers do not share knowledge, as they are competitors.   

 

Point of improvement and suggestion following from this expert meeting session:  

 

-Developers, practitioner and technicians should meet more, which may lead to new 

solutions and improvements. Practitioners can come up with examples from practise 

(needs!), while technicians and developers may invent new technological solutions and 

propose them (application pull!). 
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Appendix VI:  Stakeholders Questionnaire Project IJsselveld                                                               

 

PROJECT IJSSELVELD 

 

DATA (for analysis purposes only, by Anne-mie Sponselee): 

NAME:……………………………………………….………... 

ORGANISATION:………………………………………………. 

 

 

A) What were, according to you, the most important factors for the temporary 

halt of the IJsselveld project? Multiple possible categories for these factors  

are mentioned below. Please check off the most relevant categories, according 

to you, and subsequently describe the hindering factors. 

 

 

 

□ Technical 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Organisational 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Cooperation / collaboration 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Knowledge / Abilities 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Care / Welfare processes 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Finances 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Project partners 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 
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□ Elderly target group 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

□ Other, 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

 

 

 

B) What factors are, according to you, important for a successful proceeding  

of the smart home and telecare project? Please explain further, if possible.  

 

 

 

 

□ Technical 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

And additionally also for: 

 

□ Organisational 

 

□ Cooperation / collaboration 

 

□ Knowledge / Abilities 

 

□ Care / Welfare processes 

 

□ Finances 

 

□ Project partners 

 

□ Elderly target group 

 

□ Other, 

Namely…………………………………………………………………………………………...……

………………………………………………………………………………………………………..… 

 

 

THANK YOU VERY MUCH FOR FILLING OUT THIS QUESTIONNAIRE 
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Appendix VII: Questionnaire Pre, Post-1, and Post-2 test 

 

 

This example questionnaire was used for the structured interview during the pre-test / 

post-test-1 / post-test-2 in the VieDome-TV project. Only items that were used in the 

analyses and that do not originate from validated questionnaires are presented here. 

The questionnaire’s typesetting and lay-out differed from below. All questions were 

posed in Dutch. 

 

 Needs & Dependence  
 Level of dependence  

Post-2 Care 

indication 

(Retrieved from a 

database) 

□ No indication 

□ Domestic care 

□ Personal care 

□ Nursing care 

□ Personal & nursing care 

Pre Current 

health  

(SF-36) 

In general, would 

you say your health 

is? 

□ Excellent 

□ Very good 

□ Good 

□ Fair 

□ Poor 

Pre Health 

comp.  

(SF-36) 

Compared to one 

year ago, how 

would you rate 

your health in 

general now? 

□ Much better now than one year ago 

□ Somewhat better now than one year 

ago 

□ About the same as one year ago  

□ Somewhat worse now than one year 

ago 

□ Much worse now than one year ago 

Pre Mobility  

(Eyck) 

How would you 

describe your 

mobility level? 

□ I’m bedridden 

□ I’m in a wheelchair 

□ I make use of a scootmobile 

□ I make use of a walker 

□ I make use of a walking stick 

□ I have difficulties walking, but do 

not make     

    use of a assistive device 

□ Good, I have no mobility problems 

Pre Daily 

constraints 

(Eyck) 

What of the following 

health-related daily 

constraints are you 

suffering from?  

(multiple answers 

possible) 

□ Respiration 

□ Cardio- vascular diseases 

□ Diabetes 

□ Medication 

□ Memory 

□ Other, viz. ………………………… 



A p p e n d i c e s                                                        259 

 

 

Pre ADL 

restriction 

(SF-36 / 

Katz) 

The following items 

are about activities 

you might do 

during a typical 

day. 

Does your health 

now limit you in 

these activities? If 

so, how much? 

(circle one number on 

each line) 

□ Yes, limited a lot  

□ Yes, limited a little 

□ No, not limited at all 

 (SF-36) Moderate activities, such as housekeeping  

 (SF-36) Lifting or carrying groceries  

 (SF-36) Climbing several flights of stairs  

 (SF-36 / 

Katz) 

Climbing one flight of stairs  

 (SF-36) Bending, kneeling, or stooping  

 (SF-36) Walking 500m.   

 (SF-36) Walking 100m.   

 (SF-36 / 

Katz) 

Bathing or washing your entire body  

 (SF-36 / 

Katz) 

Getting dressed or undressed  

 (Katz) Eating & drinking  

 (Katz) Sitting down on and getting up from a chair  

 (Katz) Getting into or out of bed  

 (Katz) Going to another room on the same floor  

 (Katz) Leaving or entering the house  

 (Katz) Moving about outside the home  

 (Katz) Washing your face and hands  

  Opening or closing the curtains  

  Taking medicines  

  Cooking or preparing meal  

  Going to the toilet at night  

  Having guests or opening the entrance door  

  Maintaining social contact  

  Participating in neighbourhood activities  

  Turning lights on and off  

  Operating (possible) sunscreen  

  Organizing your finance  

  Other, viz………..  
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 Level of support  

Pre Marital 

status 

What is your marital status? □ Married 

□ Unmarried, single 

□ Unmarried, living together 

□ Widowed 

□ Divorced 

Pre Family 

contact  

Do you have regular contact 

with family and / or friends 

living in the neighbourhood? 

□ Yes, very often 

□ Yes, regularly 

□ No, not very often 

Pre Satisfied 

about 

contact 

Are you satisfied with the 

contact you have with your 

family and / or friends? 

□ Absolutely not 

□ No, not really 

□ Don’t know / neutral 

□ Yes 

□ Absolutely 

Pre More 

contact 

Would you like to have more 

(regular) contact with your 

family and / or friends? 

□ Yes 

□ Don’t know / neutral 

□ No 

Pre Personal 

alarm  

Do you have a personal 

alarm system yet? If so, do 

you have a second unit?  

□ No 

□ Yes, single 

□ Yes, double 

Pre Solve 

ADL 

problems 

now 

How do you currently solve 

the ADL limitations / 

problems mentioned above? 

(Open) 

   

 Lacking benefits  

Pre / 

Post-1 / 

Post-2 

Other 

possible 

services 

Are there any services (also 

from other service providers) 

that would fit in the concept 

of the telecare system? Why 

do you think it would fit?  

(Open) 

Post-1 Contact 

others 

Would you like to have 

video-contact with other 

telecare users? If so, how 

would you like to have the 

contact be arranged?  

□ Yes 

□ Maybe 

□ No 

□ Don’t know 

(Open) 
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 Benefits  
 Beneficial outcome effects  

 Well-being 

(SF-36) 

These questions are about how you 

feel and how things have been with 

you during the past 4 weeks. For 

each question, please give the one 

answer that comes closest to the way 

you have been feeling. How much of 

the time during the past 4 weeks -  

(circle one number on each line) 

□ All of the time 

□ Most of the time 

□ Some of the time 

□ A little of the time 

□ None of the time 

 

Pre / 

Post-1 

/Post-2 

Well-being / 

Vitality 

(SF-36) 

Did you feel full of pep 

(Voelde u zich levenslustig?) 

 

Pre / 

Post-1 

/Post-2 

 Did you have a lot of energy? 

(Voelde u zich erg energiek?) 

 

 

Pre / 

Post-1 

/Post-2 

 Did you feel worn out? 

(Voelde u zich uitgeblust?) 

  

 

Pre / 

Post-1 

/Post-2 

 Did you feel tired? 

(Voelde u zich moe?) 

 

 

Pre / 

Post-1 

/Post-2 

Well-being / 

Mental health  

(SF-36) 

Have you been a very nervous person?  

(Voelde u zich erg zenuwachtig?) 

 

 

Pre / 

Post-1 

/Post-2 

 Have you felt so down in the dumps that 

nothing could cheer you up? 

(Zat u zo erg in de put dat niets u kon 

opvrolijken?) 

 

Pre / 

Post-1 

/Post-2 

 Have you felt calm and peaceful? 

(Voelde u zich kalm en rustig?) 

 

 

Pre / 

Post-1 

/Post-2 

 Have you felt downhearted and blue? 

(Voelde u zich neerslachtig en 

somber?) 

 

 

Pre / 

Post-1 

/Post-2 

 Have you been a happy person? 

(Voelde u zich gelukkig?) 

 

 

Post-1 

/Post-2 

Lonely Did you feel lonely? 

(Voelde u zich eenzaam?) 
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Post-1 

/Post-2 

Feeling of 

safety 

Did the possibility to get video 

contact with the care centre give 

you an increased feeling of safety?  

(Zorgcentrale) 

□ Not at all               

□ A little               

□ Indeed               

□ A lot                

□ Very much 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw familielid 

of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-

loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via de 

nieuwspagina’s) 

 

Post-2 Independent 

living 

Did the possibility to get video 

contact with the care centre increase 

the possibility for independent 

living?  

(Zorgcentrale) 

 

□ Not at all               

□ A little               

□ Indeed               

□ A lot                

□ Very much 

Post-2  Personal alarm  

(Alarmoproep met halszender) 

 

Post-2  Family contact 

(Beeldverbinding met uw familielid 

of  vriend)  

 

Post-2  Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-

loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 
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Post-2  Search online news pages / 

information  

(Opzoeken van informatie via de 

nieuwspagina’s) 

 

Post-1 

/Post-2 

Feel more 

independent 

Did the possibility to get video 

contact with the care centre give 

you an increased feeling of 

independence?  

(Zorgcentrale) 

□ Not at all               

□ A little               

□ Indeed               

□ A lot                

□ Very much 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw familielid 

of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-

loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via de 

nieuwspagina’s) 

 

Post-2 Benefits What benefits has the telecare 

system brought to you?  

 

□ Feeling safe 

□ Independence              

□ Independent living            

□ Well-being           

□ Other, viz.:… 

Post-2 Added value What has the telecare system 

brought to you, that you did not 

have before, or what you solved in 

other ways before? 

(Open) 
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 Evaluation of the product  

Post-1 

/Post-2 

Things to 

be changed 

Are there things you would like to 

have changed in the way to get 

video contact with the care centre?  

(Zorgcentrale) 

□ Absolutely not 

□ Not 

□ Don’t know / neutral 

□ Yes 

□ Absolutely 

Viz.: (Open) 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw 

familielid of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de 

Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met 

PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het 

WMO-loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via 

de nieuwspagina’s) 

 

Post-2  Starting the telecare system  

(Op het VieDome-TV kanaal 

komen) 

 

Post-1 Relative 

importance of 

‘functionalities’ 

What is for you the most 

important functionality of the 

telecare system? 

(Ranking per 

functionality) 

Post-2 Grade for 

usefulness 

If you would have to give a 

grade to the following telecare 

functionalities, what grade 

would you give for usefulness 

(for yourself) regarding: … 

(Grade per 

functionality) 

Post-1 

/Post-2 

Reason to 

continue usage 

What would be the most 

important reason to continue 

the use of the telecare system 

for you, after the test period? 

(Open) 
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 Evaluation of usage  

Post-1 

/Post-2 

Enjoyment of 

usage 

Do you enjoy getting video 

contact with the care centre? 

(zorgcentrale) 

□ Absolutely not 

□ Not 

□ Don’t know / neutral 

□ Yes 

□ Absolutely 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw familielid 

of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via de 

nieuwspagina’s) 

 

Post-1 

/Post-2 

Problems 

using it 

Did you experience any problems 

getting video contact with the care 

centre? If so, please give a 

description of the problem(s) that 

occurred.  

(Zorgcentrale) 

(Open) 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw familielid 

of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / information  

(Opzoeken van informatie via de 

nieuwspagina’s) 
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Use 

 

 Usage rate    

Pre Expected 

use 

Do you expect to use the money 

transfer service of the local bank 

by means of the telecare system? 

(Geldservice van de Rabobank) 

□ Most probably not 

□ Probably not 

□ Don’t know 

□ Probably 

□ Most probably 

Pre  Get video contact with the local 

bank?  

(Contact medewerker bank) 

 

Post-1 

/Post-2 

Usage 

frequency 

How often in the last few months 

have you had video contact with 

the care centre? 

(Zorgcentrale) 

□ (Almost) every day 

□ Several times a week 

□ (Almost) every week  

□ (Almost) every month 

□ (Almost) never 

Approximately … times 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw familielid 

of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-

loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via de 

nieuwspagina’s) 

 

Post-2  Use the telecare system 

(VieDome-TV systeem) 

 

Post-2 Wearing 

alarm 

Where do you keep your alarm 

button on a daily basis? 

(Open) 

- Obj. usage 

freq. 

 (Unavailable) 
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 Buy rate   

Post-2 Willingness to 

pay for what 

Are you willing to pay for: 

(Thick correct answers) 

□ Telecare system (in total)  

□ Care centre functionality  

□ Personal alarm 

□ Family contact  

□ Teleservices  

□ Contact other users 

□ Online information  

Post-2 Intention to 

buy, 

depending on 

… 

Do you think you are 

intended to buy the telecare 

system? 

□ Yes, definitely 

□ Yes, depending on … 

□ Yes, only if …… 

□ Maybe, but / if …….. 

□ Probably not, because ... 

□ Definitely not, because.. 

(Open) 

Post-2 Take it along 

when moving 

In case you would (have to) 

move, would you take the 

system along with you?  

(Open) 

- Actual 

purchase 

 

(Retrieved from a database)  

 

 Accessibility 
 

 Physical / Conceptual  

Post-1 

/Post-2 

Ease of use 

(TAM) 

Do you find it easy to make 

video contact with the care 

centre?  

(Zorgcentrale) 

 

 

□ Very easy 

□ Rather easy 

□ Don’t know / neutral 

□ Rather difficult 

□ Very difficult 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met 

halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw 

familielid of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de 

Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-

loket) 
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Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via 

de nieuwspagina’s) 

 

Post-2  Get the telecare system started 

(VieDome-TV system opstarten) 

 

Post-2 Start up 

system 

How do you (have to) start up 

the telecare system? 

(Open) 

Post-1 

/Post-2 

Usage 

problems 

Did you experience any 

problems making video contact 

with the care centre? If so, 

please describe the problem(s) 

that occurred.  

(Zorgcentrale) 

□ Yes 

□ No  

 

(Open) 

Post-1 

/Post-2 

 Personal alarm  

(Alarmoproep met halszender) 

 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw 

familielid of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de 

Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het 

WMO-loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via 

de nieuwspagina’s) 

 

Post-2  Getting the telecare system 

started 

(VieDome-TV systeem) 

 

Post-2 Remarks on 

system 

elements 

Do you have any remarks on 

the following system elements: 

□ Remote control                       

□ MediaCenter 

□ Use of TV set 

□ Interface 

(Open) 
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Post-2 Observations 

of tasks 

Completion □ Yes 

□ No 

Post-2  Observation □ Naturally / smooth 

□ Rather good 

□ Asks for instruction 

□ Needs manual 

□ Cannot finish    

   without instruction 

□ Cannot finish, even  

    with instruction 

   

 Economical  

Post-2 Intention to 

buy, 

depending on 

costs 

Do you think you are intended 

to buy the telecare system? 

□ …, depending on costs 

 

Post-2 Care 

indication 

(Retrieved from a database) □ No indication 

□ Domestic care 

□ Personal care 

□ Nursing care 

□ Personal & nursing 

care 

   

 Cultural  

Post-2 System 

changes 

Are there things regarding the 

system that need to be changed, 

in order to use it?  

(Open) 

   

 Aesthetically pleasing  

Post-1 

/Post-2 

Enjoyment of 

usage 

Do you enjoy making video 

contact with the care centre? 

(Zorgcentrale) 

□ Absolutely not 

□ Not 

□ Dont’know / neutral 

□ Yes 

□ Absolutely 

Post-1 

/Post-2 

 Family contact 

(Beeldverbinding met uw 

familielid of  vriend)  

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-2  Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-

loket) 
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Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via 

de nieuwspagina’s) 

 

 

 
Facilitating conditions 

 

 Are you satisfied about the following organisational 

issues?  

□ Yes 

□ No 

□ Don’t know  

   

 Technology support  

Post-1 

/Post-2 

Support 

helpdesk 

Helpdesk for technical questions / 

Processing technical problems or 

other questions. 

 

Post-2 Support by 

family  

Is your family enthusiastic about the 

telecare system? 

(Enthousiast) 

□ Yes 

□ No 

□ Don’t know  

Post-2  Concerned / Involved 

(Betrokken) 

 

Post-2  Satisfied  

(Tevreden) 

 

Post-2  Supportive  

(Ondersteunend) 

 

   

 Effective communication  

Post-1 

/Post-2 

Info about 

possibilities 

Information about the possibilities of 

the system and its services 

 

Post-1 Newsletter  Newsletter  

Post-2 Information 

test  

Information and explanation about 

the study / test 

 

   

 Project coordination  

Post-1 Satisfied 

contact with 

organisation 

Contact with the organisation of the 

study / test 

 

Post-2 Organisation 

of the test 

Organisation of the study / test  
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 User support  

Post-1 Explanation 

usage 

Explanation about the use of the 

telecare system 

 

Post-1 Manual Manual for the use of the telecare 

system 

 

Post-2 Explanation & 

Manual 

Manual and explanation about the 

use of the telecare system 

 

   

 Other  

Post-2   (Open) 

 

 

 
Personal variables 

 

Pre Gender Gender □ Male 

□ Female 

Pre Age Date of birth (Open) 

Pre Marital status What is your marital 

status? 

□ Married 

□ Unmarried, single 

□ Unmarried, living together 

□ Widowed 

□ Divorced 

   

 Experience with technology  

Pre Educational 

level 

What is your highest level 

of education? 

□ Primary school 

□ Lower vocational education 

□ Advanced elementary edu. 

□ Intermediate vocational edu. 

□ Pre-university education 

□ College of higher education 

□ University 

□ Other, viz. ………… 

Pre Work experience In what field of work do 

you have the most 

experience? 

□ Housekeeping 

□ Agriculture 

□ Trading 

□ Education 

□ Nursing / care 

□ Engineering 

□ Automation 

□ Communication 

□ Industry 

□ Building industry 

□ Welfare 

□ Other, viz. …………… 
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Pre Technology 

experience 

Do you make use of the following 

products / services? If so, how often? 

(multiple answers possible)  

 

  □ Remote control (TV / audio) 

□ Cell phone 

□ ATM machine 

□ Video-recorder (VCR) 

□ DVD player 

□ Home computer (no internet) 

□ Home computer (internet) 

□ Online banking 

□ Email 

often / regularly / 

seldom / never 

Pre Computer 

experience 

□ Home computer (no internet) 

□ Home computer (internet) 

□ Online banking 

□ Email 

often / regularly / 

seldom / never 

Pre Familiarity 

personal alarm  

Do you have a personal alarm 

system yet? 

If so, do you have a second unit?  

□ No 

□ Yes, single 

□ Yes, double 

Pre / 

Post-1 

/Post-2 

Self-efficacy 

(Bandura / 

Wiedenfield et 

al. 1990 / Nap, 

2007) 

How likely do you think you will 

make video contact with the care 

center correctly? 

(Zorgcentrale) 

 

□ Most probably not 

□ Probably not 

□ Don’t know 

□ Probably 

□ Most probably 

Pre / 

Post-1 

/Post-2 

 Alarm  

(Alarm oproep met halszender) 

 

Pre / 

Post-1 

/Post-2 

 Family contact  

(Beeldverbinding met familielid of 

vriend) 

 

Pre  Contact welfare service or bank  

(Dienst bestellen of een vraag 

stellen) 

 

Post-1 

/Post-2 

 Contact bank 

(Beeldverbinding met de Rabobank) 

 

Post-1 

/Post-2 

 Contact welfare service  

(Beeldverbinding met PuntExtra) 

 

Post-2  Contact local council  

(Beeldverbinding met het WMO-loket) 

 

Post-2  Contact other users  

(Beeldverbinding met andere 

VieDome gebruikers) 

 

Post-2  Search online news pages / 

information  

(Opzoeken van informatie via de 

nieuwspagina’s) 
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Appendix VIII:  Level of dependence 

 

 

Table VIII: Level of dependence, within the scope of people’s need for care (N=75). 

 

Current health  n (%) 

Care indication No indication 18 (24.0) 

 Domestic care 11 (14.7) 

 Personal care 4 (5.3) 

 Nursing care 2 (2.7) 

 Personal & Nursing care 9 (12.0) 

 N/A 31 (41.3) 

Current health Excellent 1 (1.3) 

 Very good 8 (10.7) 

 Good 22 (29.3) 

 Fair 36 (48.0) 

 Poor 8 (10.7) 

Health comp. Much better 2 (2.7) 

 Somewhat better 0 (0.0) 

 About the same 40 (53.3) 

 Somewhat worse 22 (29.3) 

 Much worse 11 (14.7) 

Mobility Bedridden 1 (1.3) 

 Wheelchair 4 (5.3) 

 Scootmobile 12 (16.0) 

 Walker 17 (22.7) 

 Walking stick 2 (2.7) 

 With difficulty, without aid 13 (17.3) 

 Good 26 (34.7) 

ADL difficulties     

Moderate activities, such as 

Housekeeping 

Limited a lot 34 (45.3) 
such as housekeeping Limited a little 26 (34.7) 
 Not limited at all 15 (20.0) 
Groceries Limited a lot 25 (33.3) 
 Limited a little 31 (41.3) 
 Not limited at all 19 (25.3) 
Stairs Limited a lot 30 (40.0) 

 Limited a little 20 (26.7) 
 Not limited at all 25 (33.3) 
1 Staircase Limited a lot 24 (32.0) 
 Limited a little 21 (28.0) 
 Not limited at all 30 (40.0) 
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Bending Limited a lot 38 (50.7) 
 Limited a little 21 (28.0) 
 Not limited at all 16 (21.3) 
Walking 500m  Limited a lot 27 (36.0) 
 Limited a little 21 (28.0) 
 Not limited at all 27 (36.0) 
Walking 100m Limited a lot 12 (16.0) 
 Limited a little 25 (33.3) 
 Not limited at all 38 (50.7) 
Bathing Limited a lot 8 (10.7) 
 Limited a little 11 (14.7) 
 Not limited at all 56 (74.7) 
Getting (un)dressed Limited a lot 5 (6.7) 
 Limited a little 17 (22.7) 
 Not limited at all 53 (70.7) 
Eating & drinking Limited a lot 3 (4.0) 
 Limited a little 9 (12.0) 
 Not limited at all 63 (84.0) 
Sitting Limited a lot 7 (9.3) 
 Limited a little 29 (38.7) 
 Not limited at all 39 (52.0) 
Getting into / out of Limited a lot 5 (6.7) 
bed Limited a little 23 (30.7) 
 Not limited at all 47 (62.7) 
Going to another Limited a lot 3 (4.0) 
room, same level Limited a little 9 (12.0) 
 Not limited at all 63 (84.0) 
Leaving / entering  Limited a lot 7 (9.3) 
the home Limited a little 8 (10.7) 
 Not limited at all 60 (80.0) 
Moving about, Limited a lot 12 (16.0) 
outside the home Limited a little 19 (25.3) 
 Not limited at all 44 (58.7) 
Washing face and Limited a lot 2 (2.7) 
hands Limited a little 6 (8.0) 
 Not limited at all 67 (89.3) 
Opening / closing Limited a lot 2 (2.7) 
curtains Limited a little 8 (10.7) 
 Not limited at all 65 (86.7) 
Taking medicine Limited a lot 1 (1.3) 
 Limited a little 12 (16.0) 

 Not limited at all 62 (82.7) 
Cooking Limited a lot 9 (12.0) 
 Limited a little 16 (21.3) 
 Not limited at all 50 (66.7) 
Toilet at night Limited a lot 4 (5.3) 
 Limited a little 12 (16.0) 
 Not limited at all 59 (78.7) 
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Receiving guests Limited a lot 2 (2.7) 
 Limited a little 8 (10.7) 
 Not limited at all 65 (86.7) 
Maintaining social  Limited a lot 4 (5.3) 
contact Limited a little 11 (14.7) 
 Not limited at all 60 (80.0) 
Participating in  Limited a lot 8 (10.7) 
near activities Limited a little 16 (21.3) 
 Not limited at all 51 (68.0) 
Turning lights on Limited a lot 1 (1.3) 
 Limited a little 3 (4.0) 
 Not limited at all 71 (94.7) 
Operating sunscreen Limited a lot 3 (4.0) 
 Limited a little 6 (8.0) 
 Not limited at all 66 (88.0) 
Organizing finance Limited a lot 7 (9.3) 
 Limited a little 13 (17.3) 
 Not limited at all 55 (73.3) 
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Appendix IX:  Support and family contact 

 

 

Table IX: Number of participants related to the level of current support by spouse or 

family. 

 

  Pre-test  

(N=75)          (%) 

Post-test-1 

(N=61)          (%) 

Post-test-2 

(N=42)          (%) 
Marital status Widowed  41          (54.7) 36       (59.0) 25 (59.5) 
 Married 23         (30.7) 17       (27.9) 10    (23.8) 
 Divorced 6            (8.0) 5         (8.2) 4    (19.0) 
 Single 5            (6.7) 3         (4.9) 3      (7.1) 
Family 

contact 

Very often 49 (65.3) 
 Regularly 19 (25.3) 
 Not very 

often 

6 (8.0) 
 m.v. 1 (1.3) 
Satisfied Not really 2 (2.7) 
 Neutral 4 (5.3) 
 Yes 36 (48.0) 
 Absolutely 32 (42.7) 
 m.v. 1 (1.3) 
More contact? Yes 28 (37.3) 
 Neutral 13 (17.3) 
 No 33 (44.0) 
 m.v. 1 (1.3) 
Personal No 49 (65.3) 
alarm Yes, single 

unit 

21 (28.0) 
 Yes, double 

unit 

5 (6.7) 
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Appendix X:  T-test Lacking benefits – Experienced benefits 

 

Table X: T-test Lacking benefits affecting beneficial outcome effects (results in italic are 

not in the expected direction). 

 

   Post-test-1    

  Feeling of safety Feeling of independence 

Pre-test  

Lacking benefits 

Care centre Family 

contact 

Alarm  Bank 

service 

 Care&Cure no 

yes 

n= 40    µ:2.48 

n= 5      µ:1.40 

t=3.568 df=8.9 

p<.01 

n= 17    µ:1.94 

n= 2      µ:1.00 

t=3.392  df=16 

p<.01 

- n= 13    µ:1.54 

n= 2      µ:1.00 

t=2.214  df=12 

p<.05 

 Tele-services no 

yes 

 

- - n= 42    µ:1.90 

n= 7      µ:3.00 

t=-2.204 df=47 

p<.05 

- 

 

   Post-test-2 

Pre-test   Feeling of independence 

Lacking benefits Care centre 

 Safety no 

yes 

n= 31    µ:1.55 

n= 3      µ:1.00 

t=3.770  df=30 p<.01 

 

   Post-test-1   

 

Post-test-1 

 Feeling of 

safety 

Feeling of 

independence 

Enjoyment 

Lacking benefits Care centre Bank service Bank service 

 Safety no 

yes 

 

- n= 13    µ:1.54 

n= 2      µ:1.00 

t=2.214  df=12 

p<.05 

n= 12    µ:3.42 

n= 2      µ:3.00 

t=2.803  df=11 

p<.05 

 Social 

contact 

no 

yes 

 

n= 41    µ:3.00 

n= 7      µ:4.00 

t=-2.106 df=46 

p<.05 

- - 

 Tele-services no 

yes 

 

- n= 12    µ:1.58 

n= 3      µ:1.00 

t=2.244  df=11 

p<.05 

- 

Table X continues on the next page
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   Post-test-2   

 

Post-test-1 

 Feeling of 

safety 

Feeling of independence 

Lacking benefits Care centre Care centre Alarm  

 Safety no 

yes 

n= 28    µ:2.11 

n= 4      µ:1.25 

t=2.705 df=7.4 

p<.05 

n= 28    µ:1.54 

n= 4      µ:1.00 

t=3.576  df=27 

p<.01 

- 

 Care&Cure no 

yes 

n= 24    µ:1.79 

n= 8      µ:2.62 

t=-2.119 df=30 

p<.05 

- - 

 Social 

contact 

no 

yes 

- - n= 28    µ:1.89 

n= 4      µ:2.75 

t=-2.818 df=6.407  

p<.05 

 Tele-services no 

yes 

 

- n= 29    µ:1.52 

n= 3      µ:1.00 

t=3.550  df=28 

p<.01 

- 

 

   Post-test-2  

 

Post-test-1 

 Feeling of indep. living 

Lacking benefits Care centre Alarm 

 Safety no 

yes 

n= 28    µ:2.11 

n= 4      µ:1.25 

t=2.779 df=6.7 

p<.05 

n= 28    µ:2.39 

n= 4      µ:1.50 

t=2.062  df=30 

p<.05 

 Care&Cure no 

yes 

- - 

 Social 

contact 

no 

yes 

- - 

 Tele-services no 

yes 

 

- - 

 

Table X continues on the next page 
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   Post-test-1  

 

Post-test-2 

 Enjoyment  

Lacking benefits Care centre Alarm 

 Care&Cure no 

yes 

n= 23    µ:3.52 

n= 5      µ:4.00 

t=-3.867 df=22 

p<.01 

- 

 Social 

contact 

no 

yes 

n= 26    µ:3.58 

n= 2      µ:4.00 

t=-3.734 df=25 

p<.01 

- 

 Tele-services no 

yes 

 

- n= 8      µ:3.62 

n= 2      µ:3.00 

t=3.416    df=7 

p<.05 

 
 

   Post-test-2   

 

Post-test-2 

 Feeling of 

safety 

Feeling of independence 

Lacking benefits Care centre Alarm  Bank service 

 Care&Cure no 

yes 

n= 27    µ:1.81 

n= 7      µ:3.00 

t=-2.708 df=32 

p<.05 

n= 28    µ:1.89 

n= 7      µ:2.71 

t=-2185  df=33 

p<.05 

n= 10    µ:1.30 

n= 3      µ:2.33 

t=-2.385 df=11 

p<.05 

 

   Post-test-2  

 

Post-test-2 

 Enjoyment  

Lacking benefits Care centre Welfare service 

 Care&Cure no 

yes 

n= 27    µ:3.15 

n= 7      µ:4.00 

t=-2.254 df=32 

p<.05 

n= 10    µ:3.10 

n= 4      µ:4.00 

t=-2.377   df=9 

p<.05 
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Appendix XI:  Task analysis 

 

 

Task 

 

1 Start up the system / Telecare channel on your television 

Goal  Be able to use the telecare system 

Functionality  Activate the telecare system 

Steps 1 Start television: out of Stand-by situation 

 2 Find Telecare channel with TV remote control 

Feedback  Channel appears 

Knowledge needed  People need to know under what ‘external’ channel the 

Telecare channel is put. This if often an unknown situation, 

that differs along participants. 

Possible problems  The remote control of the television is needed, while for the 

rest of the tasks / telecare use the remote of the Telecare 

system is needed. 

Manual  Not explained in the manual how to find the channel 

Notes  In most cases (83%) the television starts with this Telecare 

channel, so step 2 is not needed. 

   

Task 

 

2 Find the latest information on the news page 

Goal  Navigate through the tabs and maps 

Functionality  Information available in the telecare system 

Steps 1 Depending on the current ‘tab’ that is active, the mouse on 

Telecare remote control is used to move to the left or to the 

right, towards tab ‘News’. 

 2a With the same mouse, going down (and/or up), the requested 

news item can be selected. 

Press ‘OK’ (centre of mouse) for activation. 

 2b The news item can also be selected by pressing the button 

with the resembling number of the news item. 

Feedback  Selected tab is a little darker than other tabs. The selected map 

has a small white line around it; after activation the button is 

also slightly darker 

Knowledge needed  The ‘mouse’ is needed for navigation through tabs; 

The fact that the interface has ‘tabs’ with different 

functionalities; 

Name of ‘tabs’ should be explicit  obvious what is behind 

the tab. 

Possible problems  Confusing that there are multiple ways to reach the goal. 

‘Tabs’ and ‘mouse navigation’ are IT related, thus less known. 

Manual  The use of ‘tabs’, and the mouse, is not properly explained in 

the manual. 
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Task 

 

3 Start a video connection with the service call centre 

Goal  Be able to start a video call through the telecare system 

Functionality  Contact the call centre 

Steps 1 If you are currently not in the ‘Contact’ tab, use the mouse to 

go there 

 2a Press the number of the call centre on remote control, and 

wait for connection 

 2b The service call centre can also be selected by using the mouse 

to go down to the requested contact and press ‘OK’ (centre of 

mouse). 

Feedback  Selected tab is a little darker than other tabs. The selected 

button has a small white line around it; after activation the 

button is also slightly darker. 

Below the screen a text appears: “Wait for connection” or 

“Connected” 

One can hear when there is a voice connection, and see when 

there is a video connection 

Knowledge needed  The ‘mouse’ is needed for navigation through tabs; 

The fact that the interface has ‘tabs’ with different 

functionalities; 

Name of ‘tabs’ should be explicit  obvious what is behind 

the tab. 

Possible problems  Confusing that there are multiple ways to reach the goal. 

‘Tabs’ and ‘mouse navigation’ are IT related, thus less known 

Manual  To contact the call centre, only step 2a is explained 

The use of ‘tabs’, and the mouse, is not properly explained in 

the manual. 

   

Task 

 

3a Activate your own camera view on your television 

Goal  Get camera view 

Functionality  To see how the receiver sees you 

Steps 1 Press ‘0’ on remote control 

Feedback  Button on screen lights up. Own camera view appears 

Knowledge needed  Know that the functionality exists 

Possible problems  In the former interface people had to press ‘9’ for own camera 

view. 

Manual  Explained in the manual 

Notes  There is no relation between activating your own camera 

view and the other person seeing you. 
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Task 

 

4 Reply to an incoming call 

Goal  Be able to answer an incoming call from the call centre or 

family 

Functionality  The call centre of family can contact the person through the 

system. 

Steps 1 Start Telecare channel 

 2a Press the number of the contact that is flashing (e.g. ‘1’ or ‘2’) 

 2b In case it is not the care centre that is calling, the call can also 

be answered by pushing the yellow button on the remote 

control. 

Feedback  The telecare system generates a sound in case of an incoming 

call 

The button of the contact that makes the call is flashing 

When the connection is established, one can hear each other 

Knowledge needed  Recognize the sound of an incoming call 

Knowing when to press a number or the yellow button 

Possible problems  Confusing that there are different ways to make contact, 

depending on who is calling. 

‘Yellow’ and ‘Blue’ are not the common colours for 

‘answering’ and ‘ending’ a call. 

Manual  Not explained in the latest manual (it was explained in the old 

manual) 

Notes  Television does not need to be on; only for video feedback. 
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Appendix XII:  Facilitating conditions and telecare use 

 

Table XII: Means and standard deviation of telecare use depending on facilitating 

conditions. 

  

Alarm  Abs. usage freq. (post-test-1) Mean N SD 

Satisfaction about 

explanation usage 

Yes .74 34 0.790 

No .18 11 0.405 

Total .60 45 0.751 

    

Alarm Abs. usage freq. (post-test-1) Mean N SD 

Satisfaction about 

manual 

Yes .68 38 0.775 

No .13 8 0.354 

Total .59 46 0.748 

    

Welfare service Abs. usage freq. (post-test-2) Mean N SD 

Satisfaction about 

support helpdesk 

Yes .43 7 0.535 

No .00 10 0.000 

Total .18 17 0.393 

    

Alarm Abs. usage freq. (post-test-2) Mean N SD 

Satisfaction about 

support helpdesk 

Yes .71 7 0.951 

No .00 8 0.000 

Total .33 15 0.724 

    

Care centre Usage freq. (post-test-2) Mean N SD 

Newsletter received Yes 3.80 5 1.789 

No 4.92 12 0.289 

Total 4.59 17 1.064 

    

Family contact Abs. usage freq. (post-test-2) Mean N SD 

Support family: 

enthusiastic 

Yes 4.40 5 1.140 

No 1.00 3 1.000 

Total 3.13 8 2.031 
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Summary 

Acceptance and Effectiveness of Telecare Services 

from the End-User Perspective 
 

In the Netherlands, as in most Western-world countries, the number of people over the 

age of 65 will increase enormously in the upcoming years (from 15% of the total 

population in 2011 to 26% in 2040). The growing proportion of the population that is 

over the age of 65 is leading to a social and economic burden, as there will be fewer 

young people to help older adults to cope with the challenges of aging, while a 

growing number of chronically ill and elderly people in need of care is expected. New 

smart home and telecare applications are expected to contribute to the independent 

living of seniors by enhancing their life-style ambitions, preventing or slowing down 

the likelihood of unwanted effects of aging, and supporting professional and informal 

caregivers in the (home) care process.  

Until recently, the deployment of smart home technology in home care situations was 

mainly technology driven. Many studies have focussed on the implementation of smart 

home technology. Nowadays, scientists become more interested in social issues, like 

the consequences and effects for the stakeholders involved, particular (e.g. behavioural, 

social, financial) effects for the end-users, and the consequences of smart home 

technology and telecare use on technology development, organisation of care and 

services, and their users. 

This thesis focuses on features for acceptance and effectiveness of smart home and 

telecare technology in home (care) situations. Smart home technology (Dutch: 

‘domotica’) involves “the integration of technologies and services, applied to homes, 

flats, apartments, houses and small buildings with the purpose of automating them and 

obtaining and increase safety and security, comfort, communication, and technical 

management” (Smart Homes, n.d.). Telecare includes all services that rely on 

technology to help support a person at home from a distance. Telecare services are 

defined here as being effective if: a) they are accepted, and b) they are beneficial. 

Although effectiveness relates to all stakeholders involved, this thesis focuses on end-

user acceptance – thus acceptance by older adults – and benefits from an end-users’ 

perspective. 
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Driving factors, such as developments in care giving, policy, finance, and 

demographics, as well as technological developments, show that the use of smart home 

or telecare systems by elderly people is inevitable. In Chapter 1 the most important 

developments in society for smart home and telecare technology implementation are 

described. The social changes relate to the ageing society, the preference of elderly 

people to live independently and together with their partner as long as possible, and 

the support and stimulation of this demand by the government, the reduction of 

institutional care facilities, and the growing range of non-institutional housing 

alternatives, and the shift in responsibilities (and financial support) from care to 

welfare, and the growing importance of ‘community care’. Beside these social changes, 

the technological developments also work as a catalyst for the trend towards remote 

care and independent living. In Chapter 1 the technological developments related to 

smart home technology, functionalities, and applications, current trends, such as the 

rapid evolution of the internet and social media, ambient intelligence, as well as future 

trends (e.g. lifestyle monitoring and robotics) are described.  

The positive effects of adequately implementing current and future smart home and 

telecare technologies in the homes of elderly people are stated to be promising. 

However, despite the driving factors explained in this thesis, the implementation and 

use of smart home and telecare technologies has so far not been as effective as possible. 

Technologies did not bring the expected benefits for the end-users or have been 

disused by them. Also, the care process appeared not to be as effective as expected, and 

even more expensive than anticipated. As a result, many projects have been cancelled 

or postponed (e.g. the IJsselveld and Bösdael projects described in this thesis).  

In Chapter 2 the major hindering factors for effective telecare implementation and use 

are researched, described, and analysed. As a result from an expert meeting, organised 

by the author, hindering factors involve a lack of incentives and vision on technology 

application in the care sector, as well as the complexity of the technology and the 

financing structure. The urge for collaboration between stakeholders became apparent. 

In a case study multiple stakeholders involved in the IJsselveld project reflected on 

their role in the project and the reasons for experienced problems within the project, 

resulting in hindering factors related to multidisciplinary collaboration and the use of 

technology by elderly people. Next, the results of a literature study on one of the most 

profound findings of the expert meeting and the case study; the differences between 

the multiple stakeholders involved, further explain the complexity of smart home and 

telecare implementation. The literature study is followed by an introduction into 
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‘gerontechnology’ to explain the interaction of elderly people with technology – one of 

the main hindering factors – from a gerontechnological perspective.  

The hindering factors described in Chapter 2 illustrate that more research is needed to 

increase the acceptance and use of smart home and telecare technologies on a larger 

scale, for increased effectiveness. It is therefore important to accord the older end-user a 

central role in the development and implementation process. By assessing the end-

user’s needs, smart home and telecare functionalities can be defined that fit those 

needs, in order to increase technology acceptance. Chapter 3 analyses different 

methods that can be used to assess end-user needs in relation to telecare, ranging from 

workshops, role-play, and demonstration facilities, to in-home experience. Several need 

assessment studies are discussed, including the elderly needs following from these 

studies. A comparison of needs assessment methods shows that various methods differ 

in their usefulness to obtain end-user needs. Nevertheless, elderly people’s needs in 

relation to telecare became apparent. Clearly, elderly people’s needs are not merely 

care-related. People in their third age, who may have minor physical restrictions, are 

still (socially) active and want to participate in society.  Beside medical or care-related 

needs (possibly for the future), safety and security needs are expressed, mainly in the 

scope of social support and surveillance. As a result, social networks also appear to be 

important. On the other hand, despite the need for (social, mental, or physical) support, 

elderly people want to stay in control, by selecting their own support, facilitated by 

accessible information and proper communication. Technology is considered as a 

means to achieve this, although specific technology requirements have to be taken into 

account in order to benefit from the technological potential. 

The effectiveness of smart home and telecare functionalities highly depends on the 

acceptance and use of the technology. Chapter 4 considers several (technology) 

acceptance models. These models have many similarities as well as differences, 

regarding constructs, determinants, end-users, and technologies, as analysed in this 

chapter.  However, the predictive power of technology acceptance models appears to 

be limited for elderly users of smart home and telecare technologies. The limitations of 

the technology acceptance model (TAM) are discussed in particular, regarding the 

involvement of end-users, the definition of usefulness, intentional use versus actual 

use, subjective measurement, and temporal discount. Based on the models on 

technology acceptance, a new ‘Telecare Acceptance and Use Model’ (TAUM) is 

proposed: a revised technology acceptance model for elderly people, that includes 

relevant determinants and moderator variables to explain smart home and telecare 

technology acceptance in home care settings. ‘Benefits’ are considered as key predictor 
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for technology use, while the variables ‘accessibility’, ‘facilitating conditions’, and 

‘personal variables’ are expected to influence this causal relationship. As the moderator 

variables cover ‘designer’, ‘organizational’ and ‘personal’ elements, the TAUM-model 

underlines the necessity of tuning the perceptions of the stakeholders involved in smart 

home and telecare technology implementation.   

The model has been tested by means of field tests, involving older participants, as 

described in Chapter 5. 65 Dutch elderly households (mean age 76.7; range 51-90) were 

offered to use a telecare system for free for a period of one year. Participants were 

interviewed before the technology was installed (N=65), after six months of use (N=54), 

and after 12 months of use (N=35). After nine months the system was modified as a 

result of the first findings. A substantial number of participants cancelled their 

participation during the study. In addition to the semi-structured interviews, system 

use observations by the researchers, comments made by the participants during both 

post-tests, and the reasons for attrition revealed important acceptance issues. The 

telecare system in this study was found to have beneficial effects on the well-being, the 

feeling of safety, the feeling of independence, and independent living. The benefits of 

the system, however, differ along participants, depending on their needs, and on the 

functionalities of the telecare system. Significant relations were found between people’s 

needs, telecare functionalities, the beneficial effects, and telecare use. 

The goal of this thesis to ‘define telecare services and functionalities that are beneficial 

for elderly people in their third age’ is partially met. In the telecare study the alarm 

functionality appears to be most effective and beneficial, although it is not specifically a 

telecare functionality. Other telecare services appear to be beneficial depending on 

personal situations, or for specific user groups, e.g. for people who are mobility 

impaired, who need medication on a daily basis, or who receive specific therapy. The 

goal to define telecare design requirements was extended with implementation 

requirements, as telecare effectiveness appeared to depend largely on the form of 

telecare implementation. The technologies under study were under development, and 

have been upgraded during and after the research regarding processing capacity, user-

friendliness, costs, and functionality.  Despite a lag in evaluative studies, the results on, 

for example, needs, effective functionalities and services, and interface design remain 

relevant for further telecare research and implementation. Based on the results of the 

sub goals mentioned above, a telecare acceptance and use model is proposed and 

tested. While the output is already valuable, the model needs further research to make 

it broadly applicable for all smart home and telecare projects and more useful by 

operationalizing all items required. 



S u m m a r y                                                           289 

 

 

This thesis highlights several issues that are most valuable and rather unique in relation 

to other telecare studies. First, the study has proven that designers indeed have to be 

aware of the ‘technology generation’ issue. Participants in the study were not able to 

understand and use the new interface, as the ‘menu-design’ was not suitable for the 

technology generation. Second, this study was based on telecare services rather than on 

technology. Telecare research should be less technology driven, but more service based. 

Thirdly, this thesis has tested the effect of telecare functionalities rather than the effect 

of an entire telecare system on the well-being of elderly people living independently. 

The contribution of telecare functionalities to the effectiveness is measured separately, 

and makes it possible to draw conclusions based on separate telecare functionalities. 

Next, the effectiveness of telecare services appears to be lower than envisioned. This 

lack of effectiveness should actually get a more prominent place in the discussions on 

the application of telecare in (home) situations in order to reduce expected healthcare 

expenditures and rising costs. And finally, this thesis has demonstrated what 

parameters influence the benefits of telecare services. Personal and ‘need’ related 

parameters, such as care indication, health, mobility, and daily constraints appear to 

have a high impact on the beneficial effects that telecare services can have on elderly 

people. It emphasizes the importance of a thorough ‘needs-functionality’ fit. 
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Samenvatting 

(Summary in Dutch) 

 

In Nederland, zoals in de meeste Westerse landen, zal het aantal mensen ouder dan 65 

jaar de komende jaren enorm toenemen (van 15% van de totale populatie in 2011 tot 

26% in 2040). Het groeiend aandeel ouderen boven de 65 jaar binnen de bevolking zal 

leiden tot een sociale en economische last, aangezien er minder jonge mensen zijn die 

kunnen zorgdragen voor senioren die te maken krijgen met de uitdagingen behorende 

bij het ouder worden, terwijl tegelijkertijd een groei in chronisch zieken en 

zorgbehoevende ouderen wordt verwacht. Van nieuwe toepassingen van domotica en 

technologie voor zorg op afstand wordt verwacht deze bij zullen dragen aan het 

zelfstandig wonen van senioren door het ondersteunen van hun ambities met 

betrekking tot levensstijl, het voorkomen of vertragen van de waarschijnlijkheid van 

ongewenste effecten van het ouder worden, en het ondersteunen van 

zorgprofessionals en mantelzorgers in het (thuis)zorgproces.  

Tot voor kort was de inzet van domotica in thuiszorg situaties voornamelijk 

technologie-gedreven. Vele studies hebben zich gericht op de implementatie van 

domotica technologie. Tegenwoordig raken onderzoekers meer geïnteresseerd in 

sociale vraagstukken, zoals de gevolgen en effecten voor de betrokken partijen, 

specifieke (bijv. gedrags-, sociale en financiële) effecten voor de eindgebruikers, en de 

consequenties van domotica en zorg-op-afstand gebruik voor technologie-

ontwikkeling, voor de organisatie van zorg en diensten, en voor zijn gebruikers. 

Dit proefschrift richt zich op de determinanten voor acceptatie en effectiviteit van 

domotica en zorg-op-afstand technologie. Domotica betreft: “de integratie van 

technologie en diensten, toegepast in huizen, flats, appartementen, verblijfsruimten en 

kleine panden, met als doel deze te automatiseren, en voorzien in en verhogen van 

veiligheid en beveiliging, comfort, communicatie en technisch management” (Smart 

Homes, z.j.). ‘Zorg op afstand’ omvat alle diensten die vertrouwen op technologie om 

personen in de thuissituatie te ondersteunen op afstand. Zorg-op-afstand diensten 

worden gedefinieerd als zijnde effectief mits: a) ze worden geaccepteerd, en b) ze 

meerwaarde hebben. Hoewel effectiviteit betrekking heeft op alle partijen die 

betrokken zijn bij domotica en zorg op afstand, richt dit proefschrift zich op acceptatie 

door de eindgebruiker – ofwel acceptatie door ouderen – en de meerwaarde vanuit het 

eindgebruikers’ perspectief. 
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Drijvende krachten, zoals ontwikkelingen in de zorg, overheid en regelgeving, 

financiering en demografie, evenals technologische ontwikkelingen, tonen aan dat het 

gebruik van domotica en zorg-op-afstand systemen door ouderen onvermijdelijk is. In 

Hoofdstuk 1 worden de meest belangrijke maatschappelijke ontwikkelingen voor 

domotica en zorg-op-afstand implementatie beschreven. De maatschappelijke 

veranderingen hebben betrekking op de verouderende samenleving, de voorkeur van 

ouderen om zo lang mogelijke zelfstandig en samen met hun partner te kunnen 

blijven wonen, en de ondersteuning en stimulans hiervan door de overheid, de 

afname van het aantal institutionele woonvormen, zoals verzorgings- en 

verpleeghuizen, en de toename van alternatieve niet-institutionele woonvormen, en de 

verschuiving van verantwoordelijkheden (en financiële ondersteuning) van zorg naar 

welzijn, en het groeiend belang van ‘zorg in de buurt’. Naast deze maatschappelijke 

veranderingen werken de technologische ontwikkelingen eveneens als een katalysator 

voor de tendens in de richting van zorg op afstand en zelfstandig wonen. In 

Hoofdstuk 1 worden de technologische ontwikkelingen met betrekking tot domotica 

technologie, functionaliteiten en toepassingen, huidige trends, zoals de snelle 

ontwikkeling van het internet en sociale media, ‘ambient intelligence’, als ook 

aankomende trends (bijv. leefstijl monitoring en robotica) beschreven. 

De positieve gevolgen van adequate implementatie van huidige en aankomende 

domotica en zorg-op-afstand technologie in de woningen van senioren worden 

beschouwd als veelbelovend. Echter, ondanks de drijvende krachten zoals 

omschreven in dit proefschrift, is de implementatie van domotica en zorg-op-afstand 

technologie nog niet zo effectief gebleken als mogelijk zou zijn. Technologieën hebben 

nog niet de verwachtte meerwaarde gebracht voor de eindgebruikers, of zijn zelfs in 

onbruik geraakt. Ook het zorgproces blijkt nog niet zo effectief te zijn als gehoopt, en 

vaak zelfs duurder dan verwacht. Als gevolg hiervan zijn vele projecten stilgelegd of 

uitgesteld (bijv. de projecten ‘IJsselveld’ en ‘Bösdael’ die beschreven worden in dit 

proefschrift). 

In Hoofdstuk 2 worden de belangrijkste belemmerende factoren voor effectieve zorg-

op-afstand implementatie en gebruik onderzocht, beschreven en geanalyseerd. Als 

resultaat van een expertmeeting, georganiseerd door de auteur, blijken de 

belemmerende factoren te bestaan uit een gebrek aan intrinsieke prikkels voor en visie 

op de toepassing van technologie in de zorgsector, alsook de complexiteit van de 

technologie en de financieringsstructuren rondom domotica en zorg-op-afstand. Ook 

het belang en de noodzaak voor stakeholders om samen te werken werd duidelijk. In 

een casestudy hebben diverse stakeholders, die betrokken waren in het IJsselveld 
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project, gereflecteerd op hun rol binnen het project en de redenen voor de problemen 

die ervaren werden in het project. Dit resulteerde in belemmerende factoren met 

betrekking tot multidisciplinaire samenwerking en het gebruik van technologie door 

senioren. De resultaten van een literatuurstudie naar aanleiding van de meest 

opvallende resultaten uit de expertmeeting en de casestudy – de verschillen tussen de 

diverse betrokken stakeholders – verklaren de complexiteit van domotica en zorg-op-

afstand implementatie nader. De literatuurstudie wordt gevolgd door een inleiding in 

‘gerontechnologie’ om de interactie van oudere gebruikers met technologie – een van 

de belemmerende factoren – vanuit een gerontechnologisch perspectief toe te lichten. 

De belemmerende factoren die beschreven worden in Hoofdstuk 2 illustreren dat er 

meer onderzoek noodzakelijk is om de acceptatie en het gebruik van domotica en 

zorg-op-afstand technologie op grotere schaal te vergroten, om tot vergrootte 

effectiviteit te komen. Het is daarom van belang de oudere eindgebruiker centraal te 

stellen in het ontwikkelings- en implementatieproces. Door de behoeften van de 

eindgebruikers vast te stellen kunnen de domotica en zorg-op-afstand 

functionaliteiten worden gedefinieerd die deze behoeften tegemoetkomen, zodat de 

technologie-acceptatie zal toenemen. Hoofdstuk 3 analyseert verschillende methodes 

die gebruikt kunnen worden voor het onderzoeken van de behoeften van 

eindgebruikers met betrekking tot zorg op afstand, variërend van workshops, 

rollenspel en demonstratie opstellingen, tot thuis-test situaties. Enkele studies naar 

gebruikersbehoeften worden besproken, inclusief de behoeften van ouderen die 

volgden uit deze studies. Een vergelijking tussen methodes om gebruikersbehoeften te 

inventariseren laat zien dat diverse methodes verschillen in hun bruikbaarheid. Toch 

blijken de behoeften van senioren met betrekking tot zorg op afstand evident. Oudere 

mensen hebben niet enkel zorg gerelateerde behoeften. Mensen die in hun derde 

leeftijdsfase zitten hebben wellicht te maken met licht fysieke beperkingen, maar zijn 

nog altijd (sociaal) actief en willen participeren in de maatschappij. Naast medische of 

zorg-gerelateerde behoeften (mogelijkerwijs voor de toekomst) worden veiligheids- en 

beveiligingsbehoeften genoemd, voornamelijk binnen de kaders van maatschappelijke 

ondersteuning en toezicht. Hieruit blijken tevens sociale netwerken belangrijk te zijn. 

Tegelijkertijd, ondanks de behoefte aan (sociale, mentale of fysieke) ondersteuning, 

willen ouderen zelf controle houden, in de vorm van het zelf selecteren van 

ondersteuning of hulp, mogelijk gemaakt door toegankelijke informatie en geschikte 

communicatie. Technologie wordt beschouwd als een middel om dit te bereiken, 

hoewel er rekening gehouden dient te worden met specifieke technologievoorwaarden 

teneinde te kunnen profiteren van de technologische mogelijkheden.  
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De effectiviteit van domotica en zorg-op-afstand functionaliteiten is sterk afhankelijk 

van de acceptatie en het gebruik van de technologie. Hoofdstuk 4 beschouwt diverse 

(technologie) acceptatie modellen. Deze modellen hebben vele overeenkomsten, 

alsook verschillen, met betrekking tot beginselen, determinanten, eindgebruikers, en 

technologieën, zoals blijkt uit de analyse in dit hoofdstuk. Echter, het statistisch 

voorspellend vermogen (‘power’) van technologie acceptatie modellen blijkt beperkt te 

zijn voor oudere gebruikers van domotica en zorg-op-afstand technologieën. De 

beperkingen van het technologie acceptatie model (TAM) in het bijzonder worden 

besproken, met betrekking tot het betrekken van eindgebruikers, de definitie van 

‘bruikbaarheid’, de intentie om te gebruiken versus daadwerkelijk gebruik, subjectieve 

metingen, en ‘temporal discount’ (ontwaarding door afstand in de tijd). Op basis van 

de (technologie) acceptatie modellen wordt een nieuw ‘Telecare Acceptance and Use 

Model’ (TAUM) voorgedragen: een herzien technologie acceptatie model voor oudere 

gebruikers, dat bestaat uit relevante determinanten en moderatie variabelen voor het 

verklaren van domotica en zorg-op-afstand technologie acceptatie in thuiszorg 

situaties. ‘Benefits’ (voordelen, belang) worden beschouwd als de hoofdvoorspeller 

van technologiegebruik, terwijl van de variabelen ‘toegankelijkheid’, ‘voorzieningen 

en ondersteuning’ en ‘persoonlijke variabelen’ wordt verwacht dat zij dit oorzakelijk 

verband beïnvloeden. Deze moderatie variabelen beslaan ‘ontwerpers-‘, 

‘organisatorische’ en ‘persoonlijke’ elementen, waarmee het TAUM-model het belang 

benadrukt van het afstemmen van de percepties van de verschillende stakeholders die 

betrokken zijn bij domotica en zorg-op-afstand implementatie. 

Het TAUM-model is getest door middel van een veldtest, met behulp van oudere 

participanten, zoals beschreven in Hoofdstuk 5. Aan 65 Nederlandse oudere 

huishoudens (gemiddelde leeftijd 76.7; tussen 51-90) is aangeboden om kosteloos 

gebruik te maken van een zorg-op-afstand systeem voor de periode van een jaar. 

Participanten zijn geïnterviewd voordat de technologie werd geïnstalleerd (N=65), na 

zes maanden gebruik (N=54) en na 12 maanden gebruik (N=35). Na negen maanden is 

het systeem aangepast naar aanleiding van de resultaten van de eerste bevindingen. 

Een substantieel aantal participanten heeft zijn/haar deelname aan de studie 

gedurende de testperiode stopgezet. In aanvulling op de semigestructureerde 

interviews, hebben observaties van het systeemgebruik door de onderzoekers, 

opmerkingen van participanten tijdens beide post-implementatietesten en de 

aanleidingen tot verloop in deelname belangrijke acceptatiekwesties blootgelegd. Het 

zorg-op-afstand systeem in deze studie heeft positieve effecten gehad op het welzijn, 

het gevoel van veiligheid, het gevoel van onafhankelijkheid en zelfstandig wonen van 

participanten. De voordelen die het systeem biedt verschillen echter per participant, 
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afhankelijk van zijn of haar behoeften en van de functionaliteiten van het zorg-op-

afstand systeem. Er zijn diverse significante verbanden gevonden tussen de behoeften 

van mensen, zorg-op-afstand functionaliteiten, positieve effecten en het gebruik van 

zorg op afstand. 

Het doel van dit proefschrift om ‘zorg-op-afstand diensten en functionaliteiten te 

definiëren die voordelen bieden aan ouderen in hun derde leeftijdsfase’ is gedeeltelijk 

bereikt. In de zorg-op-afstand studie bleek de alarmfunctionaliteit het meest effectief 

en het meest waardevol, hoewel het niet eens specifiek een zorg-op-afstand 

functionaliteit is. Andere zorg-op-afstand diensten bleken een positief effect te hebben 

afhankelijk van persoonlijke situaties, of specifieke gebruikersgroepen, zoals ouderen 

met een mobiliteitsbeperking, mensen die dagelijks medicatie nodig hebben, of zij die 

een bepaalde therapie krijgen. Het doel om zorg-op-afstand ontwerprichtlijnen te 

definiëren is uitgebreid met implementatierichtlijnen, aangezien de effectiviteit van 

zorg op afstand sterk blijkt af te hangen van een deugdelijke implementatie. De 

technologieën in de studie waren nog in ontwikkeling, en zijn tijdens en na het 

onderzoek verbeterd ten aanzien van verwerkingscapaciteit, 

gebruikersvriendelijkheid, kosten en functionaliteit. Hoewel de ontwikkeling van 

technologie en de toepassing ervan in zorg en welzijn zijn doorgegaan, blijven de 

resultaten met betrekking tot onder anderen behoeften, effectieve functionaliteiten en 

diensten, en interfaceontwerp relevant voor verder onderzoek naar en implementatie 

van zorg op afstand. Op basis van de subdoelen zoals hierboven beschreven, is een 

zorg-op-afstand acceptatie en gebruiksmodel voorgedragen en getest. De uitkomsten 

hiervan zijn waardevol, maar het model behoeft verder onderzoek om het breder 

toepasbaar te maken voor alle domotica en zorg-op-afstand projecten, en bruikbaarder 

door het operationaliseren alle benodigde elementen.  

Dit proefschrift belicht diverse zaken die zeer waardevol en uniek te noemen zijn in 

vergelijking met andere zorg-op-afstand studies. Ten eerste heeft de studie 

aangetoond dat ontwerpers zich terdege bewust moeten zijn van het 

‘techniekgeneratie’ probleem. Participanten in de studie waren niet in staat de nieuwe 

interface te begrijpen en te gebruiken, aangezien de ‘menustructuur’ in het ontwerp 

niet geschikt was voor deze techniekgeneratie. Ten tweede is deze studie gebaseerd op 

zorg-op-afstand diensten in plaats van op technologie. Zorg-op-afstand onderzoek zou 

minder technologie-gedreven moeten zijn, maar meer gebaseerd op diensten. Ten 

derde heeft dit proefschrift het effect onderzocht van zorg-op-afstand functionaliteiten 

in plaats van het effect van een compleet zorg-op-afstand systeem op het welzijn van 

ouderen die zelfstandig wonen. De afzonderlijke bijdrage van zorg-op-afstand 
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functionaliteiten aan de effectiviteit is gemeten, waardoor het mogelijk is conclusies te 

trekken gebaseerd op separate zorg-op-afstand functionaliteiten. Aansluitend blijkt de 

effectiviteit van zorg-op-afstand functionaliteiten lager te zijn dan verwacht. Dit 

gebrek aan effectiviteit zou een prominentere plaats moeten krijgen in de discussies 

betreffende de inzet van zorg op afstand in (thuis)zorg situaties om de verwachtte 

zorguitgaven en stijgende zorgkosten te beperken. En tot slot heeft dit proefschrift 

aangetoond welke parameters de meerwaarde van zorg-op-afstand diensten 

beïnvloeden. Persoonlijke en ‘behoeften’ gerelateerde parameters, zoals zorgindicatie, 

gezondheid, mobiliteit en dagelijkse beperkingen blijken een sterke invloed te hebben 

op de positieve effecten die zorg-op-afstand diensten kunnen hebben op ouderen. Dit 

onderstreept het belang van een gedegen ‘behoeften-functionaliteit’ koppeling. 
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