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Chapter 1

General Introduction

“Individual phenomena must never be torn out of 
context. Stay with the phenomena, think within 
them, accede with your intentionality to their 
patterns, which will gradually open your thinking 
to an intuition of their structure.” 
(Johann W. von Goethe)
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Mathilde

Mathilde – a brief history of becoming

Mathilde is an elegant lady in her mid-eighties. Proud twinkles beam from her green eyes. Mathilde’s 
gait is slow but advancing and her posture slightly bent. For more than thirty-five years she worked as a 
primary school teacher in a provincial town. Once her children left home, she moved with her husband to 

the countryside, where she still lives in her cosy apartment. 

It is autumn, which she has already experienced many times. Autumn is Mathilde’s favourite season, even 
though its meaning has changed throughout her life. During her childhood, autumn was the time of 
Thanksgiving and rustling heaps of leaves thrown to the blue sky and for playing hide and seek. As an 
adolescent, autumn was the time in which Mathilde, as the eldest daughter, helped her parents to carry 
out the last preparations for winter. As a young adult she left the safe family haven. Mathilde explored 
the beautiful mountain world on her own, which is at its most colourful during autumn. Her passion for 
the mountains was planted in her by her father, in brief moments of leisure time during her youth. She 
conquered summits and discovered foreign countries. Soon, she met her future husband. Having her own 
family, brought her back to the autumns of her own childhood, but from a different perspective. As soon as 
her own children grew older, Mathilde took them with her in those bewitching autumnal mountains. Long 
walking-tours with her husband followed, which became longer and more frequent once the children left. 

However, those beautiful autumn memories have already become part of the past. Two years ago, her husband 
passed away. It was a sorrowful time and still saddens her secretly. Although Mathilde is surrounded by 
her beloved children and grand-children, the desire remains for her special autumns with her husband. She 
wanted to believe that those autumns would never come to an end. It is not only this loss which touches 
her innermost being; Mathilde realises that the strength of her legs and the sparkling energy of her body are 
steadily retreating. Since her frightening fall on wet brown leaves, her favourite autumnal season has taken 
on a strong aftertaste: feelings of uncertainty, perceptions of physical decline and losing control as well as the 
need for assistance have emerged. She, a woman who bravely managed her life and  the life of her family, who 
used to attack summits and travel far and wide, must acknowledge that she is becoming an older person, with 
an unreliable body, someone who’s losing stamina, muscle strength and perceptual abilities. But her mind is 

still lucid and living in those memories.

This mind-body gap confuses her a great deal. Mathilde perceives herself as an independent woman, able to 
deal with her daily life on her own. In addition, recently, her children have started to talk about a so-called 
“Personal Safety Alerting Device”. But she has no idea what it is, nor has she ever seen - not to mention 
touched - such a device. She is wondering why this “thing” should be helpful for her, what does it means to 
use it in daily life? Will she know how to manipulate it? Will it be necessary to wear it all the time? She 
wants to be on the go and not to be tied to her apartment, will this still be possible? Who will come to her 
apartment? Does she need a community nurse now? What does her physician think about it? And what 
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about the opinion of her “old” friend Joy, she always said that dying healthy was the best thing in life. But 
above all, and for heaven’s sake, when and why should she use this device? Just because she fell once, there 
is no need to be worried! Although she has to concede that her ageing body surprises her more often in a 
negative way than she would like to admit, Mathilde is still bewildered, and the matter is constantly on her 
mind: she never felt insecure, she has always managed her life on her own, she is used to living independently 

and to deciding for herself…



1

11

General Introduction

Introduction

The ageing of society is currently in the spotlight all over the globe. A majority of 
older persons worldwide reside in urban, suburban or rural communities and age 
in place.1 Older persons emphasise that they want to live as long as possible in their 
accustomed environment,2, 3 however, emergency situations without rapid assistance, 
as well as increasing gait and balance disorders, have negative impacts on the health 
and psychological wellbeing of older persons.4-6 Thus, institutionalization or an assisted 
living facility might become necessary. 

To facilitate older persons’ ability to call for help in an emergency, various Personal 
Safety Alerting Devices (PSAD) are available on the market. They can increase the 
safety of the older person living at home in the community by enabling them to get 
rapid assistance in case of an emergency situation, e.g. a fall.7 The home is known as 
a prevalent locus for falls and falls represent a considerable risk for the wellbeing of 
older persons.8, 9 Despite this, PSADs are still hardly used by older persons in daily life.10-14 
Therefore, a comprehensive understanding of the phenomenon of PSAD use and non-
use by community-dwelling older persons is needed. 

After this brief thematical sketch of the problems that led to this doctoral thesis, 
for further understanding, a detailed theoretical background is required to address 
the followings topics: ageing in place, social embedding, meaning of home, assistive 
technology, safety, personal safety alerting device, use and non-use, user involvement, 
technology acceptance and adoption.

Ageing in place
Ageing in place is embraced by health care and political agendas worldwide,15 being 
considered as an “attainable and worthwhile goal”16 and as a desideratum of older 
persons.2, 3, 17-19 Ageing in place is estimated to be cost-effective compared to long-
term institutionalised living.20 Ageing in place aims to support older persons while 
they age independently, safely and socially integrated in the community despite illness 
or disabilities16, 21 and “regardless of age, income, or ability level”.22 In other words, 
notwithstanding declining health or functional abilities, increasing support should 
allow older persons to age in their current residence.23 

Scharlach and Diaze Moore21 suggested an integrated model entailing six attributes 
to describe a current understanding of ageing in place: continuity, compensation, 
control, connection, contribution and challenge/comfort. Those attributes summarize 
that ageing in place should enhance the maintenance of one’s sense of self when 
ageing, the possibility to compensate for age-related changes, to maintain control over 
the social and physical environment as well as over one’s own life, to maintain social 
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relationships (connection), to engage in meaningful activities (contribution) in daily 
life and to find the right balance of manageable activities (comfort) versus stressful 
challenges that positively or negatively influence dependency in daily life. 

Whereas early conceptualizations of ageing in place considered it as a goal, 
recent developments suggest ageing in place as an adaptive process.21 The adaptive 
process relates to the idea that different living environments should be included in the 
understanding of ageing in place, for instance joining an assisted living facility or senior 
residences. 

This change of understanding promotes the idea that ageing in place is not “only” 
the accustomed home environment which was the centre of the family life. Weil and 
Smith24 argue that ageing in place should include different places along the continuum 
of care. Thus, they suggest broadening the definition in order to avoid that any place 
being considered a “failure”. In other words, ageing in place has the potential to become 
an undesirable place to be “stuck in”. Depending on available health care or public 
services and social support, community and shopping infrastructures or depending 
on physical and cognitive functioning, ageing in place might even jeopardize older 
persons’ well-being and quality of life.24, 25 As a consequence, community-dwelling older 
persons might dislike their home environment and be motivated to move.26

Social embedding
While ageing in place, the availability and maintenance of meaningful relationships are 
particularly pivotal to older persons while ageing in place.27, 28 Being socially connected 
impacts their health positively.29, 30 Older persons prioritize, among other things, 
relationships with the family and the support of health professionals in their own living 
environment; for instance, general practitioners and especially community nurses.31 
Relatives often care for their parents and thus facilitate ageing in place.32 The parent-
child relationship is supportive and positively influences the health of older persons.33 

Community care is frequently a precondition for ageing in place.16 Community 
nurses often support and facilitate it.34 Their involvement in the care of older persons 
has increased in the last decade.32 Community nurses assist in activities of daily living 
and in the medication management; they enable safe living35 and are responsible for 
early identification of symptoms change.36 Community nurses focus on the prevention 
of illness and injury, on the promotion and maintenance of health as well as on the 
optimization of older persons’ abilities to deal with daily life.37, 38 General practitioners 
(GPs) in the community often maintain a long lasting relationship with the older person, 
characterized by emotional support and mutual trust.39 GPs are typically the point of 
first medical contact. They promote patient empowerment, focus on the provision of 
care continuity to the individual and deal, of course, with health problems.40 
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Overall, relatives and health care professionals, particularly community nurses and 
general practitioners, can be considered as decisive persons supporting and enabling 
the ageing in place of community-dwelling older persons. 

Meaning of home
Another prominent theme in the ageing in place literature is the strong whish of many 
older persons to age in their current residence persists.2, 3 This might be rooted in the 
particularly meaning that older persons attach to their home: It is a familiar place, linked 
to the feeling of being safe, a place of independent living and social connectivity to 
family, neighbourhood, community or cultural groups.41 Moreover, the home is a place 
that allows environmental mastery, personal control and preservation of a sense of 
self.2, 42, 43 In contrast, admission to a nursing home is often experienced as a threat to 
the independence and self-determination, with an association of depersonalization.42 
Furthermore, the meaning of one’s home increases crucially throughout life, with very 
old persons spending about 80% of their time at home.44 

Assistive technology
Besides, another significant and seminal component related to ageing in place is the 
ongoing progress in so-called assistive technologies. Technologies can support health  
and independence, enhance everyday safety and increase social participation.5, 45-47 

Assistive technologies are increasingly regarded as a pillar and facilitator of safe 
and independent living when people age in place.16, 48, 49 They may comprise aids 
for mobility, hearing and vision or daily living aids50 as well as information- and 
communication technology (ICT), robotics, telemedicine, sensor technology, video 
games, and medication-dispensing devices.51 They aim to promote and facilitate social 
connectedness with the family and health professionals, to monitor for health and safety, 
to enable communication in case of an emergency, to remind for daily life activities or 
enhancement of mobility.46, 47, 49, 52 A recent literature review shows that current assistive 
technologies mainly target the following areas: chronic disease, dementia, depression, 
fall risk, dependent living, poor medication management, social isolation and poor 
health.51 

When focusing on older persons, the term gerontechnology is often used instead 
of assistive technology, combining gerontology and technology.53, 54 Gerontechnology is 
aimed at the prevention of injuries or illnesses, care in chronic conditions, compensation 
for declining capabilities and help with gaining new capabilities, and experiences or 
information to overcome functional limitations.5, 53, 55 Gerontechnology likewise aims to 
positively influence the quality of life of older persons.56 Thus, the two terms can be 
considered as similar. However, the word “geron” from “gerontology” connotates “aged”. 
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Depending on the intended use, the technology often assists the community dwelling 
older person and her/his next of kin as well as the health professionals involved, i.e. 
the technology is not solely used by the older person. Throughout this doctoral thesis 
the term assistive technology or technology is used, due to the assumption that a 
technology should assist different users, i.e. the older person and her/his social network. 

Overall, the use of technology for ageing in place is a priority of many countries 
due to the growing challenge of reduced human resources.57 Additionally, a recent 
trend in the United States shows why the need for assistive technology might increase. 
One fourth of the population over 65 is at risk of a phenomenon called “elder orphans”, 
i.e. they have nobody for help or support, because, amongst other things, they are 
ageing as singles.58 A European study revealed that approximately 35% of older persons 
living alone are at risk of “restricted” networks, defined as lacking social relationships 
including kin and non-kin, and thus may be without sufficient access to support in daily 
life.59 Therefore, older persons living in Europe will also increasingly need technological 
support when ageing in place.     

Safety 
With regard to ageing in place, the safety of older persons at home has been identified 
as a pivotal component.60 There is evidence that older persons’ sense of safety is 
significantly related to their well-being and quality of life.61, 62 Additionally, older 
persons attach importance to their personal and physical safety.31 However, due to the 
frailty syndrome, a multidimensional dynamic state whereby older persons experience 
losses in physiological, psychological, social and environmental aspects, or the risk of 
adverse outcomes related to safety increases with ageing.63, 64 Frail persons present with, 
amongst other things, loss of muscle strength and mass, visual deficits as well as gait 
and balance disorders6 are significantly associated with an increased risk of falling.6, 65-67 
Thus, as is well-known, falls represent a considerable safety risk for older persons. 

In terms of location, the home environment is widely documented as a common 
place for falls.8, 9 Twenty-five percent to 35% of persons aged 65 and older experience 
at least one fall per year68-70 and fall rates are up to twice as high in older persons 75 
years and older.66, 71, 72 A fall is “an unexpected event in which the participants come to 
rest on the ground, floor or lower level”.73 Falls threaten the independence, well-being 
and the health of older persons.8, 74, 75 They may lead to hospital and long-term care 
admission70, 74, 76 and negatively impact the costs of the health care system.77 In addition, 
psychological consequences are just as important as physical ones. Falls negatively 
influence the psychological well-being of the older person in the form of: fear of 
falling, loss of confidence, physical activity avoidance and decreased self-efficacy.78-81 
Furthermore, it is a vicious circle, since fear of falling increases the risk of falling82 and 
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could thus be considered a threat to independence. Bloch76 points out that falls without 
injuries or bone fractures should not be underestimated and should be taken seriously 
because of the psychological fall consequences. This is in line with previous research 
recommending also focusing on psychological fall consequences.73

Although the prevention of falls in community-dwelling older persons is regarded 
as crucial, to date, multifactorial and multiple component interventions can moderate 
the fall rate and risk of falling, but evidence for their efficacy is still of low quality.83 
Therefore, beyond fall prevention, it is pivotal that the older person should obtain rapid 
assistance when a fall has occurred. Fleming and Brayne7 found that most older persons 
were unable to get up without assistance which can result in a so-called “long-lie”. 
Furthermore, long-lies are defined as lying on the ground for one hour or more.84 Long-lies 
are associated with negative consequences for the older persons such as: dehydration, 
hypothermia, pressure ulcers or pneumonia, injuries and a higher risk of mortality during 
the six months after a long-lie due to a fall.7, 85, 86 Several studies have investigated the 
prevalence of long-lies, with heterogenous findings. Simpson et al.84 found that 13% of 
their participants who called an emergency ambulance reported having experienced a 
(self-assessed) long-lie. In another study, more than half of the study participants were 
still on the ground when the ambulance arrived, however, without knowing exactly the 
length of time they had spent on the ground prior to contacting the emergency service.87 
A further study revealed that 30% of the fallers experienced a long-lie.7 

Personal Safety Alerting Device (PSAD)
Therefore, to prevent long-lies as well as negative consequences of falls, PSADs may 
provide crucial help. A PSAD allows its user to receive rapid assistance in case of an 
emergency situation, such as a fall, but also in other situations, e.g. COPD, dysrhythmias, 
septicaemia or pneumonia.4, 5 Furthermore, a considerable number of studies found 
that particularly PSADs can enhance the perceived safety of older persons.88-92 

Regarding PSADs themselves, a variety of systems have been developed and are 
on the market. The main distinguishing characteristics of those systems are being 
wearable or non-wearable (embedded)14 as well as having automatic and or manual 
alerting mechanisms.93 Embedded systems comprise motion sensors, floor sensors, 
microphones or cameras;14, 93-95 wearable systems include mobile phones, devices worn 
as an accessory, or sensors embedded in the user’s outfit.95-97 According to Chaudhuri et 
al.14 most of the published research has focused on wearable systems. 

Use and non-use
Unfortunately, the use of PSADs in older persons is still problematic. That is, even 
though, PSADs may be accepted, in terms of having a PSAD at home, they are hardly 
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used in daily life.10-13 A majority of older persons might be favourably disposed towards 
a PSAD, but only a minority would or is actually using one.10, 12, 14, 98 Usability issues, 
faulty and infrequent PSAD use, have been reported.7, 10, 12, 87, 99, 100 A recent literature 
review draws the attention to possible reasons, such as wearing discomfort, fear of false 
alarms, being uncertain about the alert range, not being waterproofed, or lacking a 
Global Positioning System (GPS).89 Non-use of PSADs might also be due to aesthetical 
objections, for instance in terms of the colour or seize of the device96 or poor design.101 
Furthermore, ageing persons are affected by increasing frailty in terms of changes 
of perceptual abilities and cognition55 which might impact the ability to use a PSAD. 
Research suggests that the following factors might result in non-use: difficulties in 
remembering how to use it, fear of damaging the technology, not perceiving a need for 
it, difficulty in accepting a younger person to teach an older one in its use, not having a 
person who can assist in learning to use the PSAD as well as perceived excessive costs 
related to its use.102 A further factor might also negatively influence its use in daily life: 
Nyman and Victor10 and Chaudhuri et al.101 discuss a possible link between the PSAD 
and the self-identity of the older person, in the sense that it can be a symbol for being 
dependent and frail.

User involvement 
With respect to PSAD use and non-use, the literature indicates mainly usability issues as 
pivotal reasons. To solve usability issues, involving users in technology development is 
recommended.103 User involvement promotes a “needs-driven” instead a “technology-
driven” approach,103 leading to more user-friendly products. Preferences, needs and the 
context of use as well as the interactions between the technology and its users can be 
investigated and considered from the beginning of device development,104-109 and thus 
facilitate technology use in daily life. However, up to now, older persons seem not yet 
sufficiently involved in the development or in real-world tests of PSADs.14, 94 For instance, 
automatic fall detection technologies are criticised for using algorithms which are often 
developed with simulated falls of healthy adults and not with the target group of the 
technology.14, 94, 110 Consequently, to resolve PSADs usability issues, user involvement 
should be considered as essential and necessary. 

Technology acceptance and adoption
Beyond the lack of user involvement, it is still unclear what the “bigger picture” of PSAD 
use and non-use is. As was pointed out by Nyman and Victor10 and Chaudhuri et al.101 
it seems that factors beyond usability might play a role. They suggested that older 
persons might attribute a negative meaning to a PSAD, which in turn might significantly 
influence its use and non-use. In other words, what other factors than usability issues 
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can influence the acceptance and decision of older persons to use or not to use a PSAD 
in daily life? 

Research has revealed that the general technology acceptance of older persons can 
be influenced by relatives and health professionals.89, 91, 99, 111-114 For instance, community 
nurses’ perceptions of its usefulness and appropriateness for patient care was shown to 
determine assistive technology usage in older persons.115 Health care professionals can 
positively encourage and facilitate technology acceptance.111, 114, 116 So far, little attention 
has been given to the perspectives of informal and formal caregivers.90, 93, 97, 117 Several 
experts argue that the perspectives of carers and or caregivers should be investigated 
to understand how technologies are used in daily life.116, 118, 119 

Over the past decades, research has aimed to understand the technology use and 
non-use of older persons, by drawing on technology acceptance models from the field 
of information systems.120-122 Those models were originally developed to explain an 
individual’s technology acceptance while working in organizations. In the following, the 
most important theories are presented in more detail.

The Technology Acceptance Model (TAM) is frequently cited and predominantly 
used in research.123 It was developed “to provide an explanation of the determinants 
of computer acceptance that is generally capable of explaining user behaviour across 
a broad range of end-user computing technologies and user populations, while at the 
same time being both parsimonious and theoretically justified”(p. 985).124 The model 
assumes that technology acceptance is determined by two main variables which are 
“perceived usefulness” and “perceived ease of use” (Figure 1). Perceived usefulness is 
defined “as the prospective user’s subjective probability that using a specific application 
system will increase his or her job performance within an organizational context”(p. 985) 
and perceived ease of use “refers to the degree to which the prospective user expects 
the target system to be free of effort.”124 A number of researchers have reported that 
both variables explain 40 percent of an individual’s intention to use a technology.125, 126

The TAM was built on the Theory of Reasoned Action127 stemming from the field 

Figure 1. Technology Acceptance Model (TAM)124

External
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Usefulness

(U)

Attitude
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Using (A)

Behavioral
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Use (B)

Actual 
System

Use
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Ease of Use

(E)
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of Social Psychology. The Theory of Reasoned Action provides a theory to understand 
and predict human behaviour. Further developments and extensions were published 
in 1991, with the Theory of Planned Behaviour,128 and the latest version in 2010, the 
Reasoned Action Approach.129 The underlying premise of this theory is that human 
behaviour is determined by a sequential process of “beliefs about the behaviour” which 
influence the “attitude” and “subjective norm“ towards the behaviour which in turn 
informs the “intention to perform the behaviour“ before the behaviour itself occurs 
(Figure 2). The stronger the behavioural intention is the likelier the person will perform 
the behaviour. The definitions of the determinants are: 
	Belief - ”the subjective probability of a relation between the object of the belief 

and some other object, value, concept, or attribute”(p.131);127

	Attitude - ”a person’s location on a bipolar evaluative or affective dimension 
with respect to some object, action, or event. An attitude represents a person’s 
general feeling of favourableness or unfavourableness toward some stimulus 
object”(p.216);127 

	Subjective norm - “the person’s perception that most people who are important 
to him think he should or should not perform the behaviour in question”(p. 
302);127

	Intention - “person’s location on a subjective probability dimension involving a 
relation between himself and some action. A behavioural intention, therefore, 
refers to a person’s subjective probability that he will perform some behaviour”(p. 
288);127

	Behaviour - “observable acts that are studied in their own right. (…) A person’s 
behaviour is determined by his intention to perform that behaviour”(p. 335).127 

Beliefs about
consequences of

behavior X

Normative
beliefs about
behavior X

Attitude toward
behavior X

Subjective
norm concerning

behavior X

Intention to
perform behavior X Behavior X

Figure 2. Schematic presentation of the Theory of Reasoned Action127



1

19

General Introduction

The Theory of Planned Behaviour and the Reasoned Action Approach added to 
the model the determinants of “behaviour control”, defined as “people’s perception 
of the degree to which they are capable of, or have control over, performing a given 
behaviour”(p.64)129 and “background factors”, such as dispositions (self-esteem or 
personality traits), demographics (age or education) and Information (experience or 
knowledge). 

Since the introduction of the first TAM published in 1989124 it was extended to TAM 
2130 and TAM 3131 in the following years, in order to better understand relationships of 
variables and factors influencing technology acceptance.132 Four main categories of 
TAM modifications were identified: 1) external predictors (e.g. technology anxiety, prior 
usage, technology experience, self-efficiency, confidence in technology); 2) factors 
from other theories (e.g. subjective norm, expectations, risk, trust); 3) contextual factors 
(gender, cultural diversity, technology characteristics) and 4) usage measures (e.g. 
attitude toward technology, usage perception, actual usage of technology).123, 125 In 
sum, a meta-analysis of the TAM showed that over time more than 70 external variables 
were proposed for perceived usefulness and perceived ease of use.133

To enable a more exhaustive understanding of technology acceptance, the Unified 
Theory of Acceptance and Use of Technology (UTAUT) was developed and validated.134 
The UTAUT draw on a synthesis of eight models: Theory of Reasoned Action; Theory 
of Planned Behaviour; TAM; Combined TAM and Theory of Planned Behaviour Model, 
Model of Personal Computer Utilization; Diffusion of Innovation Theory; Motivational 
Model and Social Cognitive Theory. The explanatory power of the UTAUT regarding 
usage behaviour of a technology increased up to 70 percent compared with the 
TAM.135 The model comprises four independent variables (“performance expectancy”, 
“effort expectancy”, etc.) respective moderating variables (gender, age, etc.) as depicted 
in Figure 3. The independent and moderating variables are supposed to influence 
“behavioural intention” and “use behaviour” respectively. 

Despite extensive TAM research and the satisfactory explanatory power of the 
UTAUT, they have hardly been applied and further developed for the group of older 
persons.102, 120 One adaption to older persons is the Senior Technology Acceptance 
and Adoption Model (STAM).136 The STAM draws on the TAM and further theoretical 
considerations which were enriched by empirical qualitative findings. The focus of the 
STAM is on adoption by suggesting that actual use is an antecedent of acceptance in 
daily life. Renaud and van Biljon136 developed a multiphase model, describing how 
the intention to use a mobile phone is influenced by social and contextual factors, by 
experiences of its use as well as its perceived usefulness. They concluded that ease of 
use of the technology is crucial for the conversion, meaning the adoption into daily 
life. However, there is a major concern with the validity of this model: When developed, 
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the authors included thirty-four South African older mobile phone users (age range 60 
to 92 years) in their study. This means that the participants already owned a mobile 
phone, implying pre-existing intention to use and in addition, they already showed the 
behaviour (phone usage). The STAM was further validated by Reneau,122 investigating 
smartphone acceptance, adoption and diffusion in senior citizens in the USA. He 
criticized (1) that the STAM fails to consider how a technology is acquired as well as 
(2) that it simplifies the motivation to use a device by giving great importance to the 
device’s ease of use as the strongest motivation. 

Almost concurrently, another Senior Technology Acceptance Model (STAM), as 
depicted in Figure 4, was developed and tested, this time in older people in Hong Kong, 
aged between 55 and 85 +, living in the community or in a nursing home, in the context 
of gerontechnology acceptance.102 This STAM drew on the TAM, but also the UTAUT and 
added ageing-related variables, for instance gerontechnology self-efficacy or health 
and ability characteristics. The validation study applied the model to a wide range of 
gerontechnology used in daily life: housing and daily living technology (e.g. credit cards 
or remote-control devices), communication technology (e.g. mobile phones or e-mail), 
health/assistive technology (e.g. telecare or emergency alert products/services) and 
education and recreation technology (e.g. digital cameras or DVD/VCD players).102 The 
researchers found that use of gerontechnology correlated strongly with age, education, 

Figure 3. Unified Theory of Acceptance and Use of Technology (UTAUT)134

Performance
Expectancy

Effort
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Use
Behavior

Behavioral
Intention
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Influence
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Gender Age Experience Voluntariness
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gender, economic status, gerontechnology self-efficacy and anxiety, health and ability 
characteristics, e.g. cognitive abilities, life satisfaction or physical functioning and 
facilitating conditions, such as available help or financial resources. In contrast to other 
studies, they reported that the direct effects of attitudinal factors on gerontechnology 
usage were non-significant in their sample.102 

Overall, despite of this important previous work, there are limits to how transferable 
the proposed technology acceptance models are to the context of PSAD use and non-
use. Technology acceptance may fluctuate over time, which is not taken into account in 
the TAM.137 Another major concern is that most of this research disregards the possibility 
of rejection.138 Moreover, despite its captivating parsimony for research,132, 139 the TAM 
and its further developments have been criticized for describing a deterministic process 
and thus omitting the human complexity, for instance, neglecting social influence, 
emotion, personal values and motives or cultural influences.139, 140

Therefore, an approach from the discipline of Sociology seems interesting for the 
underlying research context, as it describes amongst others a process leading to both 
adoption and rejection of an innovation and includes social and cultural influences. The 
Diffusion of Innovations Theory of Rogers141 maps the process of an innovation diffusing 
into the daily life of an individual or an organisation. The diffusion is “the process by 
which an innovation is communicated through certain channels over time among the 
members of a social system”; and the innovation is “an idea, practice, or object that is 
perceived as new by an individual or another unit of adoption” (p.11).141 This process is 

Gerontechnology self-efficacy

Gerontechnology anxiety

Facilitating conditions

Self-reported health conditions

Cognitive ability

Social relationships

Attitude to life and satisfaction

Physical functioning

Perceived
usefulness

(PU)

Perceived
ease of use

(PEOU)

Usage behaviour
(UB) Attitude

towards
use (AT)

Figure 4. Senior Technology Acceptance Model (STAM)102
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described as a decision process, which is dynamic, iterative and occurring over time, 
and based on five stages as depicted in Figure 5. Briefly and simply summarized, in the 
Knowledge stage the individual is exposed to the innovation and gains understanding 
about the function of the innovation. In the Persuasion stage, the person’s attitude 
towards the innovation is formed. Afterwards, the individual takes the decision to adopt 
or reject an innovation. In the fourth stage, the Implementation, the person uses the 
innovation and gathers experiences with it. Only in the last stage, the Confirmation, will 
the individual will either reinforce the decision and continue with use or reverse the 
decision. 

Although, taken all together, there is considerable research in trying to explain and 
predicting technology acceptance, researchers have not dealt with PSAD use and non-
use in the daily life of community-dwelling older persons (beyond usability issues) in 
much detail. Technology acceptance research itself is criticized as relying too heavily 
on TAM and UTAUT and thus missing important determinants.137, 139 This is exemplified 
in the work undertaken by Künemund and Tanschus98 who uncovered that technology 
use of older persons might vary due to age-related changes. Also Chen and Chan142 
emphasize that the biophysical (e.g. functional loss) and psychosocial characteristics 
(e.g. loneliness) of older persons are overlooked. A major criticism of TAM and UTAUT 
is their primary focus on the organizational usage of information systems in the 
workplace.122 Thus, they would benefit from an adaption to the health care context.126

Overall, no theory yet explains and predicts the use and non-use of technology in 
community-dwelling older persons.143 The suggested models aim to explain and predict 
human behaviour in the context of technology acceptance. The TAM and the UTAUT 
were developed for empirical research endeavours, which is essential for conducting 
studies, but on the other hand they hardly seem transferable to the context of ageing 
in place, which can be regarded as dynamic and complex. The UTAUT, for instance, does 
not include the step of adoption,144 which is according to Rogers141 a step following the 
acceptance of an innovation. Even when a person has decided to accept a device, this 
decision might be discontinued.141 The adoption step seems to be crucial, because the 
literature points out that older persons might possess a PSAD, but never or almost never 
use it in daily life.10-13 

Even though, as shown in the technology acceptance literature,125 the variables of 
perceived usefulness and perceived ease of use are significantly determine the intention 
to use and thus the usage behaviour of an individual, the UTAUT is omits attitude towards 
a technology.136 However, a person’s attitude towards an innovation or a behaviour has 
been shown to critically influence the adoption of an innovation141 or changing of a 
behaviour.129 As highlighted earlier, many older persons might be favourable towards a 
PSAD, but only a minority would or do use it.10, 12, 14, 98 Therefore, it would be interesting 
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to understand, what a person’s attitude towards a PSAD might signify. In addition, the 
TAM and UTAUT represent a one-way process to technology acceptance, excluding for 
instance iterative decision cycles, which seems plausible in older persons due to age-
related changes or social influence, e.g. relatives or health professionals. 

Most of the criticism mentioned above also applies also to the STAMs since they 
draw on the TAM and the UTAUT, but additionally, only little research was identified 
using a STAM. Furthermore, the STAM from South Africa implied pre-existing intention 
to use, which is hardly useful for investigating factors influencing PSAD use and non-
use. The STAM with the Hong-Kong sample was validated in older persons also living 
in long-term care settings, as well as by using a very broad variety of technologies. This 
highly heterogeneity in terms of sample, settings and technology was considered as 
too uncertain regarding its validity for the specific context of PSAD use and non-use in 
community-dwelling older persons. 

According to the Diffusion of Innovations Theory, it is pivotal to identify attitudes/
beliefs and social norms prior to use, in the context of PSAD use and non-use by older 
persons. The theory indicates that norms of the social system and attitudes/beliefs 
toward an innovation are highly influential for decision making.141

When available theories provide limited descriptions or explanations of a 
phenomenon, further observations and or experiments are required.145 Research 
suggests that understanding technology acceptance requires knowledge about the 
actors involved in its use.89, 98, 146, 147 It is crucial to investigate how they are influence 
its use and how they use the technology in their everyday context.118, 148 In addition, 
understanding technology use requires an answer to the “when, why and how” of 
technology use.139, 143, 146, 149 Technologies should not be considered as black boxes which 
can be integrated into daily life without modifying caring practice.89 In addition, non-use 
should be investigated,53 because “(…) something else likely exists in place of use, and it 
is that something we should be studying”(p.54).150 Non-use should not be pathologized, 
as it is “often, active, meaningful, motivated, considered, structured, specific, nuanced, 
directed, and productive”(p.7).151

So far, much uncertainty exists about the “bigger picture” of what goes on prior to 
PSAD use and what leads to its use and non-use in community-dwelling older persons. 
And this, not only from the perspective of older persons themselves, but also from the 
stakeholders involved in PSAD use, i.e. relatives, community nurses and GPs. 
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Problem statements 

The state of the scientific literature outlined above indicates an important research 
need. Firstly, despite efforts to address assistive technology acceptance in general and 
the PSAD acceptance of older persons specifically, a major focus was mostly on usability 
issues. Older persons remain reluctant regarding PSAD use. Secondly, older persons 
hardly seem to be involved in the design and testing of these devices, which might 
be a reason for their problematic PSAD use. Thirdly, suggested technology acceptance 
models comprise several limitations and are not yet sufficiently empirically adapted to 
the context of community-dwelling older persons. Thus, research focusing on PSAD use 
and non-use would benefit from an inductive approach to enable new insights into 
determinants and related processes. Additionally, little is known about the perspective 
of relatives, community nurses and general practitioners, who are both pivotal for 
ageing in place and PSAD use and non-use in daily life. Lastly, to date, it is unclear how 
PSAD use and non-use is viewed and affected by community-dwelling older persons, 
relatives, community nurses and general practitioners. 

Aim and research questions

The overall objective of this doctoral thesis is to investigate PSAD use and non-use of 
community-dwelling older persons from a multiperspective approach. This thesis aims 
to extend current knowledge by providing a deeper understanding and insight into 
user involvement during PSAD development as well as reasons, thoughts, motives and 
influencing factors of PSAD use and non-use from the perspectives of older persons, 
relatives, community nurses and general practitioners. Therefore, the following research 
questions are addressed: 

1. What is the nature and extent of user involvement of people 65 years of age and 
older, in the development, testing and/or evaluation of fall detection systems? 
(Chapter 2)

2. What are the needs and preferences of community-dwelling older people 
regarding a wearable fall detection sensor and its smartphone application during 
the design and mock-up stage? (Chapter 3)

3. What is the usability of a wearable, waterproof, automatically alerting, fall 
detection prototype, according to the community-dwelling older persons 
involved? (Chapter 4)
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4. What are the reasons, thoughts, motives and influencing factors regarding the 
use and non-use of a PSAD in daily life from the perspective of community-
dwelling older persons? (Chapter 5)

5. What are the reasons for the PSAD use and non-use among community-dwelling 
older persons according to relatives, nurses and GPs? In what situations are 
PSADs used or not used by community-dwelling older persons according to 
relatives, nurses and GPs? What is the involvement of relatives, nurses and GPs in 
the use and non-use of PSADs? (Chapter 6)

Outline of this thesis

This thesis comprises seven chapters which are briefly outlined below:
Chapter 2 describes the results of a scoping review that identified the state of 

research involving older persons in the development of fall detection systems. The 
research question was: What is the nature and extent of user involvement of people 65 
years of age and older, in the development, testing and/or evaluation of fall detection 
systems? 

Chapter 3 focuses on the involvement of community-dwelling older person in 
the device design of a fall detection sensor, including its smartphone application. By 
investigating the mock-up of the device, the prototype can be developed according to 
needs, preferences, feasibility and practical aspects related to its daily use. The research 
question of this qualitative descriptive study was: what are the needs and preferences 
of community-dwelling older people regarding a wearable fall detection sensor and its 
smartphone application during the design and mock-up stage? 

Chapter 4 reports on the usability of a wearable, waterproof, automatically alerting, 
fall detection prototype, through the involvement of community-dwelling older people 
in a qualitative study using a real field testing approach. For the purposes of this study, 
usability was understood as the prototype’s practical aspects, its ease of use, and the 
users’ satisfaction with its handling and manipulation in everyday life. 

Chapter 5 explores the following research question: What are reasons, thoughts, 
motives and influencing factors regarding the use and non-use of a PSAD in daily life 
from the perspective of community-dwelling older persons? Chapter 6 studies the 
perspectives of relatives, nurses and GPs regarding their experiences, perceptions 
and involvement in PSAD use or non-use in community-dwelling older persons. The 
following research questions were explored: What are the reasons for the PSAD use and 
non-use of community-dwelling older persons according to relatives, nurses and GPs? 
In what situations are PSADs used or not used by community-dwelling older persons 
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according to relatives, nurses and GPs? What is the involvement of relatives, nurses and 
GPs in the use and non-use of PSADs? 

Chapter 7 discusses the main findings of the studies presented in the thesis and 
reflects on methodological and theoretical issues that should be taken into consideration 
when interpreting the findings; it also addresses implications for practice and research. 

Chapter 8 provides the following content: summary, samenvatting, valorisation 
acknowledgements, about the author and the author’s list of publications.
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Abstract

Background: The involvement of users is recommended in the development of health 
related technologies, in order to address their needs and preferences and to improve 
the daily usage of these technologies. The objective of this literature review was to 
identify the nature and extent of research involving older people in the development of 
fall detection systems.

Methods: A scoping review according to the framework of Arksey and O’Malley was 
carried out. A key term search was employed in eight relevant databases. Included 
articles were summarized using a predetermined charting form and subsequently 
thematically analysed.

Results: A total of 53 articles was included. In 49 of the 53 articles, older people were 
involved in the design and/or testing stages, and in 4 of 53 articles, they were involved 
in the conceptual or market deployment stages. In 38 of the 53 articles, the main focus 
of the involvement of older people was technical aspects. In 15 of the 53 articles, the 
perspectives of the elderly related to the fall detection system under development were 
determined using focus groups, single interviews or questionnaires.

Conclusions: Until presently, involvement of older people in the development of fall 
detection systems has focused mainly on technical aspects. Little attention has been 
given to the specific needs and views of older people in the context of fall detection 
system development and usage.
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Background

People aged 65 years and older are the age group mostly affected by falls and their 
subsequent negative health consequences.1-3 Approximately 25 to 35 % of them have 
had one or more falls per year.2, 4 A fall is defined as “an unexpected event in which the 
participants come to rest on the ground, floor, or lower level”(p. 1619).5 Falls significantly 
affect mortality, morbidity and quality of life as well as health care costs among the 
ageing population.6-12 Falls are also one of the main causes of physical injuries 4, 13, 14, are 
a frequent causal factor for hospital admissions 15 and are additionally a precipitator for 
institutional long-term care admissions.16, 17 The rates of falls and the outlined associated 
negative consequences are twice as high for persons over 75 years of age.18 

One determining factor influencing the severity of fall consequences in older 
people is the amount of time spent lying on the floor or ground.19, 20 This is particularly 
critical when a person cannot call for help, for instance when she/he has lost 
consciousness or is alone when the fall occurred. Even when uninjured, 47 % of people 
who have experienced a fall were unable to get up after without help.21 Lying on the 
floor due to a fall event for one hour or more is defined as a “long-lie”.22 Experiencing a 
“long-lie” event is associated with serious injuries, higher mortality rates and hospital 
admissions, as well as consequent care home admissions.19, 20, 23 Thirteen22 to 20 %24 of 
older people admitted to a hospital due to a fall have experienced a “long-lie” event. 
In order to avoid this and ensure prompt assistance, early fall detection is vital among 
community dwelling older people. A fall detection system could be defined as a system 
which detects falls and alerts a designated person or emergency services, in order to 
facilitate rapid assistance.25, 26 A fall detection system could prevent or limit impairment 
and subsequently allow preservation of activities of daily living. Although the literature 
outlines a variety of fall detection systems,26, 27 minimal and faulty use of fall detection 
systems in community-dwelling older people has been reported.19, 28-32 Hence, it seems 
that the target users, older people, struggle with the usability of available fall detection 
systems in their daily lives.19, 28, 32

In order to provide fall detection systems which meet the needs and expectations of 
older people, user involvement should be applied to the different stages of development 
of the system, as is described with other health-related technologies.33 The process of 
user involvement is relevant because it facilitates the development of technology that 
is “needs-driven” and “not technology-driven”.34 It enables a better understanding of the 
process of the interaction and the surrounding context between technology and its 
users.35, 36 User involvement may help to ensure that preferences are considered from 
the beginning of the development process,33, 37, 38 and may therefore improve the level 
of acceptance of the users.39 It might facilitate short- and long-term usage and hence 
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decrease costs and the need for redesign at a later time.38 Additionally, it might increase 
sales, decrease training costs and decrease user support.39 

Currently, an overview of the nature and extent of published research regarding 
the involvement of older people in the development, testing and/or evaluation of fall 
detection systems is lacking. Recent literature reviews have focused on the technical 
aspects of available fall detection systems or on the views of older people, carers and 
health professionals regarding benefits or challenges of fall detection systems and 
aspects related to their implementation.25-27, 40, 41 

Therefore, the aim of this scoping review is to identify the state of research involving 
older people in the development of fall detection systems. The research question is: 
What is the nature and extent of user involvement of people 65 years of age and older, 
in the development, testing and/or evaluation of fall detection systems?

Methods

To answer the research question a scoping review was undertaken. A scoping review is 
a particularly suitable type of literature review for gaining a comprehensive overview 
of the research field of interest.42, 43 A scoping review differs from a systematic review 
in that a scoping review does not aim to assess the effectiveness of an intervention; 
instead it aims to assess the feasibility of a systematic review and to guide for future 
research. A scoping review also aims to map the nature and extent of research activities 
and provides a rigorous and transparent methodology.43 It provides a descriptive 
overview of the analysed articles without critically appraising the quality of the included 
studies.44 Five stages are characteristic for a scoping review.42, 43 Stage one refers to the 
identification of the research question (see above). Stages two to five comprise the 
process of the literature search and conclude with the reporting of the results. They 
were carried out as follows: 

Stage 2: Identifying relevant studies
A systematic literature search was conducted between May and July 2014 across 
nursing, medicine and engineering disciplines in the following eight databases: IEEE 
Xplore@ Digital Library, Inspec, Scopus, Compendex, BIOSIS Previews, Cochrane Library, 
CINAHL / EBESCO and PubMed. A key word strategy was applied, which was developed 
progressively by two members of the research team (FJST and SB) and was approved by 
a third member of the research team (SH). The following terms were used: fall detection, 
fall, aged, old, senior, elder*, monitoring, device, system, sensor, fall risk assessment, fall 
prevention, gait assessment. These terms were combined with the Boolean operators 



39

Scoping Review

2

AND, OR, or NOT. An additional search of reference lists of articles fulfilling the inclusion 
criteria was carried out. 

Stage 3: Study selection 
Literature published in English, French or German within the last ten years (2004–2014) 
was retrieved in order to reflect the recent research trends. The time limit was chosen 
due to the visible evolvement of technology during this period. Moreover, according to 
the literature, there is an evolving body of knowledge regarding user involvement in the 
development of health-related technologies in the last ten years. Articles were eligible 
for inclusion if they: 1) focused on either development, testing and/or evaluation 
regarding a fall detection system; 2) included in their study at least one older person 
who was involved in the development or who was a target person to test or to evaluate 
the system; 3) the older person was 65 years of age and older, or was defined as older. 
Records were identified, duplicates removed, titles screened, abstracts examined, and 
the remaining full-texts assessed for eligibility. The assessment of titles and abstracts was 
carried out independently by two reviewers (FJST, BH). There were few discrepancies. The 
first reviewer assessed all full-text articles for eligibility and 20% of the retained full-text 
articles were assessed by the second reviewer independently. The first reviewer (FJST) 
randomly selected the full-text articles for the second reviewer (BH). Differences in the 
article screening and selection process were solved by consensus. Only one article was 
discussed with a third reviewer (SB) due to a lack of consensus concerning eligibility. 

Currently, reporting guidelines for scoping reviews do not exist.44 Therefore, in 
accordance to the recommendation of Pham et al.44, the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis45 was used to report the flow of articles from 
identification to final inclusion.

Stage 4: Charting the data
A data charting form was iteratively developed focusing on themes relevant to the 
research question and was based on the following: author(s), year, title, country, 
publication type, design, aim, type of fall detection system, fall detection alert, 
placement of system, methodology (narrative description of user involvement in the 
development/testing/ evaluation), sample size, sample characteristics and setting. 
The first draft of the data charting form was tested independently on 20% of a second 
random reselection of articles by two researchers (FJST, BH). After critical comparison 
of these results, discrepancies were resolved through discussion. Subsequently, the 
revised data charting form was critically discussed and jointly approved by the research 
team. The charting form was then applied to all included articles in order to narratively 
extract the data. In studies containing a mixed population (participants under 65 years 
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as well as 65 years and older), only data related to older people was extracted, and only 
with those who involved a target person in the development, testing and/or evaluation 
of a fall detection system.

Stage 5: Collating, summarizing and reporting the results
The charted findings were numerically and thematically46 analysed and then summarized 
from a descriptive perspective. Absolute frequencies were calculated for the numerical 
description of the nature and extend of literature. The following themes were identified, 
describing the nature (A.-B.) and extend (C.) of the literature:

A. General aspects of literature involving older people: Author(s) year, country, 
design, type of fall detection system (wearable system - e.g. body-worn sensors; 
or environmental systems - e.g. infrared sensors or camera) fall detection alert, 
sample size, mean age in years, gender of involved older people and length of 
test time.

B. Descriptive characteristics of the involved older people: age gender, height and/
or weight and/or BMI, state of health, fall risk (no risk, at risk, at high risk), fear of 
falling and fall history (with, without).

C. Focus involvement and stage(s) of involvement of older people:
 Focus of involvement:

i. Involvement of older people for technical aspects such as simulation or 
performance of either scripted activities of daily living (ADL), which signifies 
that study participants had to perform a series of ADL (sitting down or 
walking), or of everyday life activities, which signifies that study participants 
had to perform as usual their activities of daily living during the testing stage 
of a fall detection system.

ii. Involvement of older people to investigate their views on fall detection 
systems.

 Stage(s) of involvement: 
 The framework of user involvement in the development of medical device 

technology according to Shah et al.33 was used to define the stages of user 
involvement in each article:
I. Idea generation and concept development
II. Device (re-)design and prototype development
III. Prototype testing involving in-house and trials in the real field
IV. Device deployment in the market and user feedback
In order to test the process of stage five, 20% of the articles from a third random 

selection were analysed and summarized independently by the first and 
second reviewer (FJST, BH). After critical comparison of these results, 
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discrepancies were resolved through discussion. Afterwards, all included 
articles were analysed and summarized by the first reviewer. This result was 
subsequently critically discussed and jointly approved by the research team. 
This scoping review is part of a research project, which was approved by the 
Ethical Committee of the Canton of Bern (Z020/2014).

Results 

After the selection process, as displayed in Figure 1, a total of 53 studies was included 
from the original 1633 potentially relevant records.47-99 

The findings relevant to the research question are summarized in the following 
three tables: nature of literature - Additional file 1: Table S1 and Additional file 2: Table 
S2 and extent of literature - Additional file 3: Table S3.

A. General aspects of the literature Additional file 1: Table S1 presents the general 
aspects of the analysed literature involving older people in the development, 
testing and/or evaluation of fall detection systems. Researchers from four 
continents have carried out studies involving older people in the development, 
testing and/or evaluation of fall detection systems, although most of this research 
has been conducted in Europe (see Additional file 1: Table S1). 37 studies focused 
on wearable systems, ten on environmental systems, four on both and two on 
fall detection systems amongst other technologies (e.g. general event reminder 
or monitoring of physiological parameters) (see Additional file 1: Table S1). The 
sample size in the included studies varied. In more than three-fourths (n = 47) of 
the studies, the sample size ranged from one to 35 older people. In five studies 
the sample size was not clearly stated and in one study it included a sample of 97 
older people. The length of test time in which older people were involved in the 
respective studies was reported in 20 articles, and it ranged from 40 minutes to 
several hours, days, weeks until 1.5 years (see Additional file 1: Table S1). In nearly 
half of the studies (n = 25), it was not stated and in eight studies this criterion was 
not applicable due to the study design.

B. Descriptive characteristics of the involved older people Information regarding 
the age of the involved older people was reported in 45 studies (see Additional 
file 2: Table S2). Eight studies characterised their sample by describing them as 
old or elderly people. 27 articles displayed information about the gender of the 
study participants (see Additional file 2: Table S2). In nine studies the involved 
older people were described as healthy. In 14 studies fall risk, fear of falling and/
or fall history was assessed (see Additional file 2: Table S2). 
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C. Focus and stage(s) of involvement Additional file 3: Table S3 shows the findings 
regarding the focus of involvement, distinguishing between the technical 
aspects and the views of the older people as well as defining the stage (s) of 
involvement of the older people.

Figure 1. Flow chart of study selection 45
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Focus of involvement
i. Technical aspects 

Nearly three-fourths (n=38) of the included studies solely examined the technical 
aspects of fall detection systems, without involving the views of older persons (see 
Additional file 3: Table S3). Five studies investigated both the technical aspects and the 
views of the older people in the context of fall detection systems. Regarding the settings 
of involvement of older people, most studies were (n=12) carried out in the home 
environment, followed by the nursing home and the hospital setting (see Additional 
file 3: Table S3). Five studies reported the laboratory environment as the setting of 
involvement for older people. In three studies, older people were involved in more 
than one setting and eleven studies did not clearly state the setting of involvement 
(see Additional file 3: Table S3). During their involvement, in order to develop a valid 
and reliable fall detection algorithm, older people were invited to simulate scripted ADL 
and/or to perform everyday life activities (see method section). Most frequently (n=22) 
they simulated scripted ADL and in six studies older people simulated both scripted 
ADL and performed everyday life activities (see Additional file 3: Table S3).

ii. Views of older people
Ten studies focused solely on the views of older persons related to the fall detection 
system under development. Aspects of their examinations were, for example, usability, 
perceptions of usefulness, concerns associated with usage, attractiveness or wearing 
comfort. Their views were investigated in 15 studies utilizing focus group interviews, 
single interviews and/or questionnaires. The focus group interviews were carried out 
both with and without a fall detection system prototype and both with and without 
visual material showing fall detection systems or fall scenarios (see Additional file 3: 
Table S3).

Stage(s) of involvement
Older people were involved in all four of the following stages of development and 
testing of a fall detection system: In three studies - stage I, in 18 studies - stage II, in 
28 studies - stage III and in one study - stage IV. In three studies, older people were 
involved in two stages; stages II and III (see Additional file 3: Table S3). According to the 
analysed literature, there was no study reporting on the development of a fall detection 
system which involved older people in three of the four stages, nor in all four stages. 
A comparison of the included studies showed that six research groups51-58, 72, 73, 75, 76, 

93, 94, 96, 97 published several articles referring to results either from stage II or stage III 
of development without reporting on the examination of the view of involved older 
people regarding the fall detection system under development (see Additional file 3: 
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Table S3). Quagliarella et al.85, 86 published two articles referring to results from the 
same fall detection system; once from stage II and once from stage III, however without 
reporting on the examination of the view of the involved older people.

Discussion

This scoping review shows that older people are predominantly involved in the design 
and testing stages of fall detection systems under development, with a strong focus on 
the technical aspects. Most of this research was carried out in Europe with the majority of 
the studies targeting the development of wearable fall detection systems. Information 
regarding the older people involved was in general limited to age and gender. 

This scant description of the study participants is noteworthy, given that older  
people are a heterogeneous age group.100 In regard to fall detection systems, 
characteristics of the target users, such as risk of falling, history of falls or fear of falling, 
might influence the needs and expectations of older people.101 Moreover, the functional 
and cognitive status of older people might affect their handling and, therefore, their 
acceptance of the technology. Ageing is linked to a change of cognitive abilities and 
cognitive impairment may hinder the use of a fall detection system.102 Considering 
the cognitive abilities of the target group might enhance the development of a fall 
detection system which is also easy for people with an impaired cognitive status to 
learn and to use. On the other hand, it might be considered that carers of cognitively 
impaired people should also be involved in the development of a fall detection system. 

However, it seems that the scant description is in accordance with the predominant 
involvement of older people in the technical aspects of the design and testing stages. 
It might be argued that for the technical aspects of a fall detection system under 
development, study participants’ information such as age, gender or BMI is sufficient. 
Nevertheless, Shah and Robinson103 indicated that specific information concerning 
the targeted users is relevant, because different users employ the same technology 
in different settings and contexts. This argument is confirmed by Kaufman et al.104 in 
their evaluation of a telemedicine system. They reported that even if users are a part 
of the same setting or age group, they differ considerably in terms of knowledge, 
competencies, need for social help, health status or self-efficacy. 

This scoping review also revealed that if older people were involved, it occurred 
mostly in their home setting, which is congruent with the idea that the development and 
validation of fall detection systems should be carried out with the target group in their 
“real-world”, and not only in laboratory settings.26, 40 Reliable and valid fall detection and 
alert systems are a very important aspect. Several researchers stressed that developing 
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a fall detection system based on falls from the real-world might minimize the rate of 
false positive and false negative alarms.105, 106 Consequently, the involvement of older 
people in stages two and/or three, as well as in their real-world setting, seems to be very 
important in ensuring valid and reliable fall detection systems. 

Nevertheless, user involvement primarily aims to investigate needs and 
requirements promoting the daily use of fall detection systems.26, 35 This scoping review 
also revealed that older people’s views regarding fall detection systems were scarcely 
used. The reasons for this could be the higher costs or difficulties in accessing the 
targeted users.39 Shah et al.38 specified that minimal user involvement might originate 
from issues in confidentiality, (e.g. patent application) in terms of bringing technology 
into the market or due to limited experience of user involvement in the research group. 
Moreover, knowing the views (e.g., needs or preferences) of users might be challenging 
for a research team. According to the view of users, the design of a product or a system 
should then be adapted.39 However, there could be gap between the users’ views and the 
technical, product or design solutions.34 The disaccord is that user involvement might 
be challenging and depends upon research resources. Hence, it seems important to 
carry out user involvement if there are “real” possibilities for users in influencing design 
or solutions of a fall detection system. If not, it is conceivable that user involvement 
might generate legitimate cost concerns, as well create frustration with the involved 
users due to their views not being considered in the further development of the fall 
detection system. 

Older people were involved in all four stages of fall detection system development. 
However, their involvement was mostly limited to the design and testing stages. As 
discussed, the older target users were hardly involved in the beginning and end stages 
of the development process. Additionally, older people were minimally involved in 
several other stages of development and no article described involvement exceeding 
two stages of development. Hence, due to the predominant involvement in the 
prototype design and testing stages, it is logical that technical aspects of the fall 
detection system under development are at the forefront. However, the involvement of 
the target users in all stages of development is associated with several advantages.38, 39 

Involvement of target users beginning in the first stage fosters their influence in the 
concept development of the fall detection system and thus avoids additional cost 
in later stages due to redesign issues. User involvement from the first stage onward 
may improve the level of acceptance of fall detection systems by older people due to 
the early focus on their views (e.g., needs, preferences or requirements) including the 
practical aspects of daily living. Furthermore, it could be considered that user feedback 
also in the last stage is important in order to identify any aspects that are lacking. These 
aspects may not be completely related to technical issues and it is conceivable that 
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support or coaching services, e.g. from health care providers, would help to enable 
older people in long-term usage of fall detection systems in daily life. Moreover, the 
fourth stage may provide ideas, due to recurrent needs of target users, for the further 
development of fall detection systems such as combining them with additional features 
(e.g. capturing mobility patterns or physiological parameters). This would signify that 
the involved older people would «truly» have the possibility to enhance the meaningful 
use of fall detection system in daily life. 

The literature scrutinized in this scoping review illustrated that there is not yet 
widespread involvement of older people from the beginning until the last stage of 
development. It also revealed that it is not yet common practice to investigate older 
peoples’ views regarding fall detection systems under development. User involvement 
can be interpreted in different ways. According to Kujala107 and Damodoran108, the 
user may be involved for providing information (informative), for comments about a 
predefined matter (consultative) or for influencing decision making regarding a system 
under development (participative). It seems that apart from the stages and methods of 
involvement, it should also be considered whether users be involved in an informative, 
consultative or a participative way. In the context of fall detection systems, the 
participative way would best facilitate older people to influence the decision-making 
process as it necessitates capturing their views, needs, preferences, requirements or 
issues of the practical usage of fall detection systems in daily life.

Strengths and limitations
This scoping review applied a rigorous and transparent methodology throughout the 
five recommended steps of the framework from Arksey and O’Malley.43 In order to 
ensure that the research question was explored in breadth, literature was searched in 
eight data bases across different disciplines. Although relevant published articles may 
have been omitted, for instance, due to the limitation of articles written in English, 
German and French, references from the selected articles did not indicate any other 
important studies.

Scoping reviews have been criticised for lacking methodological details during 
stage five, with collating, summarizing and reporting the results of the framework.109 
Therefore, this scoping review transparently described, utilizing the thematical analysis 
approach,46 how stage five was conducted. The validation of the applied framework of 
Shah et al.33, describing the four stages of health-related technology development is 
still missing, according to the authors. However, due to the health-related context of 
technologies as well the clear description of each stage, this framework was considered 
and shown to be suitable for the underlying study.



47

Scoping Review

2

Conclusions

This scoping review reveals that older people were predominantly involved in the design 
and testing of fall detection systems, which denotes that the focus was on the technical 
aspects in the development of fall detection algorithms. In the development and use of 
fall detection systems, little attention has been given to the views, needs, preferences 
or practical aspects of usefulness in daily life of the older people themselves. This may 
be an important factor in explaining, in general, the minimal and often faulty use of fall 
detection systems in the daily lives of older people. 

A more ”needs-driven” rather than “technology-driven” approach in the 
development of fall detection systems is necessary. Therefore, future research also needs 
to involve older people more in idea generation and concept development as well as in 
device deployment and market and user feedback. Future involvement should consider 
a more participative way to capture the views, needs, preferences, requirements or 
issues for the practical use of fall detection systems in the daily lives of older people. 
This may positively influence the daily usage and acceptance of fall detection systems 
in community-dwelling older people.
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Involvement of the end user: 
exploration of older people’s 
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Abstract

Purpose: To explore the needs and preferences of community-dwelling older people, by 
involving them in the device design and mock-up development stage of a fall detection 
device, consisting of a body-worn sensor linked to a smartphone application.

Patients and methods: A total of 22 community-dwelling persons 75 years of age and 
older were involved in the development of a fall detection device. Three semi structured 
focus group interviews were conducted. The interview data were analysed using 
qualitative descriptive analysis with deductive coding.

Results: The mock-up of a waterproof, body-worn, automatic and manual alerting 
device, which served both as a day-time wearable sensor and a night-time wearable 
sensor, was welcomed. Changes should be considered regarding shape, colour and size 
along with alternate ways of integrating the sensor with items already in use in daily 
life, such as jewellery and personal watches. The reliability of the sensor is key for the 
participants. Issues important to the alerting process were discussed, for instance, who 
should be contacted and why. Several participants were concerned with the mandatory 
use of the smartphone and assumed that it would be difficult to use. They criticized the 
limited distance between the sensor and the smartphone for reliable fall detection, as 
it might restrict activity and negatively influence their degree of independence in daily 
life.

Conclusion: This study supports that involving end users in the design and mock-up 
development stage is welcomed by older people and allows their needs and preferences 
concerning the fall detection device to be explored. Based on these findings, the 
development of a “needs-driven” prototype is possible. As participants are doubtful 
regarding smartphone usage, careful training and support of community-dwelling 
older people during real field testing will be crucial. 
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Introduction

Population ageing is a worldwide trend.1 The process of ageing is accompanied by 
increasing health concerns, which have economic repercussions on the health care 
systems, including higher costs linked to the treatment of chronic illness.2-4 The promotion 
of a self-determined and safe lifestyle for citizens is a part of recent political strategies.5, 6 
These strategies entail promoting active ageing in the home care setting7 and prioritizing 
living in the community instead of in long-term care facilities and are associated with 
lower costs.8 Living in the community is also the preference of older people.9

Experiencing a fall may, however, impede safe and active living. A fall is defined as 
“an unexpected event in which the participants come to rest on the ground, floor, or 
lower level” (p.1619).10 A fall is a serious health problem among the ageing population. 
In persons aged 65 years and older 25%–35% experience a fall once or more per year.11, 

12 The consequences of falls are well documented and involve a negative impact on 
mortality, morbidity and quality of life and hence on the health care costs for older 
people.13-19 Estimates suggest that in Europe, 25 billion euros per year are spent on the 
medical and social care related to fall injuries in older people (aged >65 years).20 As a 
consequence of a fall, older people can experience psychological difficulties such as fear 
of falling, decreased self-efficacy, physical activity avoidance and self-restriction, all of 
which may negatively influence their ability to live at home.21, 22

A critical factor affecting the severity of fall consequences in older people is the time 
spent lying on the floor/ground.23, 24 Lying on the floor due to a fall event, particularly for 
>1 hour, is associated with higher mortality rates and hospital admissions, serious injuries 
and consequent care home admissions.23-25 This is why receiving prompt assistance 
after a fall is very important. A fall detection or alerting device may immediately alert 
designated individuals or emergency services.26, 27 Therefore, the use of technology for 
fall detection or alerting is very relevant in order to avoid life-threatening conditions 
and to support active, safe and self-determined living at home.

However, improper and infrequent use of fall detection or alerting devices in 
community-dwelling older people has been reported.24, 28-33 This is not surprising, as 
a great number of devices have been developed without sufficiently considering the 
needs and preferences of older people themselves as the end users.34 Dissatisfaction 
and difficulties with the device may result in using it less often or not using it at all. 
Moreover, many devices currently available on the market, such as watches and  
bracelets, require manual activation of the alert.33 This becomes impossible when 
a person loses consciousness or loses the ability to activate the alarm due to injury. 
In addition, older people sometimes remove such devices during sleep and will 
consequently be without the possibility to alert.



74

Chapter 3

Hence, considering users’ needs and preferences in the development of health-
related technologies may promote their daily use of the fall detection and alerting 
devices. Involving users and exploring their needs may facilitate a comprehensive 
understanding of aspects linked to feasibility, usability or practical aspects related to 
daily life.35, 36 User involvement allows improvements in handling and in the level of 
acceptance and hence facilitates long-term usage of health-related technologies.36-41

Therefore, the aim of this study was to involve community-dwelling older people in 
device design of a fall detection sensor, including its smartphone application, through 
the evaluation of the mock-up. A mock-up is a model similar to the prototype, which 
is not yet fully operational. Thus, with this study, the prototype can be developed 
according to needs, preferences, feasibility and practical aspects related to its daily use. 
The research question was what are the needs and preferences of community-dwelling 
older people regarding a wearable fall detection sensor and its smartphone application 
during the design and mock-up stage?

Patients and methods

Design
A qualitative descriptive study was conducted using focus group interviews to involve 
community-dwelling older people in the development of a fall detection device. The 
definition of user involvement referred to the well-known classification of consultation, 
collaboration and user control.42, 43 We chose the level of consultation, meaning that 
insight regarding needs and preferences gained from the target users informed our 
decision-making process in the development of the fall detection device. This low 
level of involvement was considered appropriate because for the first time, researchers 
from electronic and communication technology and researchers from nursing science 
worked from the very beginning together with target users.

We planned the approach based on the theoretical framework for user 
involvement, the “medical device technology development process”, from Shah et 
al.44 The health-related context of this framework made it suitable for the underlying 
study. The framework suggests various methods of involvement, possible target users 
for involvement and the following four stages of involvement: (1) idea generation and 
concept development, (2) device (re-)design and prototype development, (3) prototype 
testing involving in-house and trials in the real field, and (4) device deployment in the 
market and user feedback. This study refers to stage II. Stage I was carried out previously 
without user involvement based on our practical experiences as nurses, our exchange 
with nursing practice, our interdisciplinary discussion with engineers from electronic 
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and communication technology and evidence in the literature. Stages III and IV will 
occur as the next steps.

Sample and recruitment
Participants were recruited via eight seniors’ associations, one municipal agency 
for senior citizens and two ambulant health care institutions, utilizing convenience 
sampling.45 All these organizations were located in the Canton of Bern, Switzerland. A 
seniors’ association, which is organized on a regional/national level, provides a forum 
for discussion and exchange of information and gives a voice to seniors in the society. 
The municipal agency is responsible for handling the concerns of retired people on a 
local level, in order to promote their quality of life and independent living. In ambulant 
health care institutions, health care professionals and care laypersons are providing 
services in order to maintain and promote the well-being of older people on a regional 
level. These institutions were chosen for pragmatic reasons, as the data collection took 
place at the Institute of Nursing Science, which is located in the city of Bern.

The researchers contacted the management of these organizations and inquired if 
they would support recruitment for the study and act as gatekeeper. A gatekeeper works 
closely with the researcher and ensures access to the study population. If management 
agreed to support recruitment, paper-based and/or electronic flyers were distributed 
within the organization through face-to-face contact, email or a display. The flyer was 
focused upon the importance of the study, study timeline and possible interview dates, 
participants’ tasks, inclusion criteria, registration information, ethical considerations and 
information regarding the research team.

Study registration occurred online or via reply card. The online link was provided 
in the study flyer. The reply card, which was one part of the study flyer, was sent via 
mail to the Institute of Nursing Science. Participants were responsible to register 
themselves. Once registered for the study, information regarding date and venue of the 
interview along with consent for participation was sent to the participants via mail by 
the researcher. The inclusion criteria consisted of living in the community, living alone 
or with a partner, being aged 75 years or older, being Swiss German/German speaking 
and being able to give written and oral informed consent. The exclusion criteria were 
use of a wheelchair and living in a nursing home or an assisted living facility.

Data collection
A semi structured interview guideline was used to stimulate and thematically structure 
the focus group discussion. It was developed by the research team and focused on the 
needs, preferences, feasibility and practical aspects concerning design and functions  
that were relevant for the prototype. Additionally, in accordance to Krueger and Casey,46 
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the following five stages for focus group interviews were adhered to: (1) opening 
question, (2) introductory section, (3) transition question, (4) key questions and (5) 
concluding question (Supplementary material). In the “Introduction” section, in order 
to facilitate discussion, the following materials were handed out to the participants: 
two mock-ups of the body-worn fall detection sensor (a bendable and a rigid model, 
6×3×0.7 cm), a copy of the screenshots showing the three smartphone application 
screens and four patch patterns for fixation of the sensor on the body (Figure 1). 

One researcher (FJST) demonstrated, using the abovementioned material, 
the function and planned usage of the fall detection device, in accordance to the 
information in Figure 1. It was indicated that the sensor was intended to be fixed 
on the torso with a patch and that the sensor should be wearable for 24 hours and 
during personal hygiene (taking a shower/bath). The researcher emphasized that this 
information was the starting point of the focus group interview. The participants should 
then critically discuss and think about their needs, preferences as well as feasibility and 
practical aspects when conceiving that they would use this fall detection device in their 
daily life. In order to describe the sociodemographic characteristics of each participant, 
a short-self-administered questionnaire was handed out at the end of the focus group 
interview. The interview guideline was pilot tested in the first focus group interview, 
resulting in minor adaptations regarding the structure of the “Introduction” section 
(order of information given to the participants). No questions required modification.

In July 2014, three semi-structured focus group interviews were conducted at the 
Institute of Nursing Science. In these interviews, the participants consisted of nine, eight 
and five older people. Each focus group interview was audio recorded and lasted on 
average 100 minutes. The first and second authors carried out the interviews. No one 
else was present during the interviews except the participants and the researchers. One 
researcher acted as a moderator (FJST), and the other researcher acted as an assistant 
moderator (SB). The moderator led the discussion by posing open-ended questions, 
thereby encouraging the participants to elaborate on their views, and by ensuring 
that the discussion between the participants was pertinent to the topic. The assistant 
moderator prepared the focus group discussion (room and material), provided support 
to participants (e.g. location, beverages and lavatory) and observed the interview in 
order to discuss the course of the interview with the moderator.
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I. II.

Mock-up of the fall detection sensors 4 patterns of patches

Rigid model 1 2

3 4
Bendable model

III.
Mock-up smartphone application screens (screenshots)

1st screen  2nd screen 3rd screen

IV.
Alert message (short message)

Figure 1. Mock-up fall detection sensor, mock-up smartphone application and their functioning
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V. 
Planned guidelines for the fall detection device
1. Fall detection sensor is fixed by a patch on the torso. 
2. Fall detection sensor is connected via Bluetooth to a smartphone application, 

which has to be in a range of 8 to 10 meters. When a fall has occurred, the 
application will open automatically (III. second screen). An alert may be stopped 
according an individually adjustable timeframe, illustrated by a closing cycle 
(III. second screen). As soon as the alert is confirmed by one of the contact 
persons, the application window changes and indicates that help is coming (III. 
third screen).  

3. Additionally: an alert may also be emitted manually by its user (III. second 
button on first screen). 

4. An alert is emitted, indicating the location (GPS) of the fallen person, which is 
automatically transmitted via SMS successively to predefined contact persons 
until one person answers the alert.

Description
•	 The	 fall	 detection	 device	 was	 developed	 in	 cooperation	 between	 nursing	

researchers and researchers from electrical and communication engineering, 
both from the same university in Switzerland.  Researchers from electrical and 
communication engineering developed (in their laboratory) the mock-up of 
the fall detection device.  

•	 The	 waterproof	 fall	 detection	 device,	 wearable	 for	 more	 than	 24	 hours,	 is	
targeted for community-dwelling older people. 

•	 The	size	of	the	mock-up	of	the	fall	detection	sensors	was	6	cm	x	3	cm	x	0.7	cm	
with a weight of 10 grams. 

•	 A	rigid	and	bendable	mock-up	of	the	fall	detection	sensor	was	suggested	in	
order to understand which one fits best the needs of the target users (I.).

•	 Four	 patterns	 of	 patches	were	 handed	 out	 to	 the	 participants	 so	 that	 they	
could visually and tactually decide what kind of patch they would prefer for 
fixing the sensor on the body. The choice of patterns was carefully selected by 
the research team in order to take into account the needs of sensitive skin (II.). 

•	 A	coloured	copy	of	the	screenshots	showing	the	three	smartphone	application	
screens along the alerting process (III.) and the content of the alert message 
was distributed to each participant (IV.).

Figure 1.  Continued

Abbreviations: GPS, Global Positioning System; SMS, short message.
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Data analysis
A qualitative descriptive analysis was applied using deductive coding.47 This data  
analysis approach is appropriate for studies aiming for a descriptive summary of the 
data.47 Hence, in accordance to the aim of the underlying study, precise and specific 
feedback regarding the fall detection sensor and smartphone application under 
development was obtained. Prior to data analysis, a deductive coding system was 
developed (FJST, SB and SH) utilizing the themes addressed in the interview guideline 
during focus group discussion, as listed in Table 1.

Table 1. Deductive coding system

Sensor - needs and preferences 
related to

Smartphone - needs and 
preferences related to

App - needs and preferences 
related to

Colour

Size / shape

Weight

Material

Body location

Duration of wearing

Sensor fixation on body

Use (feasibility and practicability)

Operating distance

Triggering / alerting process

Messaging in context of alerting

Contacts of alert

Use (feasibility and practicability) 

Design colours / information

Option «stop alert»

Option «need help»

Use (feasibility and practicability)

The data analysis was conducted in the following seven steps:
1. Transcription of the interviews was combined with a first analysis by deductively 

assigning the text passages to the corresponding codes of the coding system 
(using software programs f4®, Microsoft Word® and Excel®) (SB).

2. The assignments were checked by the first author (FJST). Differences in the 
assignments of text passages were discussed until agreement was reached (FJST 
and SB).

3. Two researchers independently summarized the informational content of the 
interview text assigned to the deductive codes (FJST and SB).

4. The summarized informational content of both versions was critically compared 
and discussed, and an integrated version was approved (FJST and SB).

5. Steps 1–4 were critically reviewed by a third researcher (SH), ensuring accuracy 
and that no critical findings were omitted. Later, this critical review was discussed 
until agreement was reached, which resulted in minor changes (naming of the 
deductive codes) (FJST, SB and SH).
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6. Similarly, codes were summarized into categories and subcategories (FJST and 
SB). For each subcategory, the most salient phrases were selected as quotes, 
which adequately represented the content of the subcategories contained in the 
interview data.

7. The categories and subcategories were discussed in the research team, which 
resulted in minor modifications regarding their final, appropriate wording (FJST, 
SB, SH, RJGH and JMGAS).

Ethical approval

According to Swiss legislation, the study protocol was submitted to the responsible 
local Swiss ethical board (Ethical Committee of the Canton of Bern). In June 2014, the 
ethical board decided (Z020/2014) that this study was beyond the responsibility of the 
Swiss Federal Act on Research Involving Human Beings. This study was conducted in 
compliance with the protocol, the current version of the Declaration of Helsinki, the 
ICH-GCP or ISO EN 14155 (as far as applicable), as well as with all national legal and 
regulatory requirements. Written and oral informed consent was obtained prior to focus 
group interview participation. No company partner was involved in this study in order 
to ensure that device development would be driven primarily by the needs of the end 
users.

Results

A total of 22 participants were included. As listed in Table 2, the mean age was 80 
years (standard deviation 4.5). A total of 14 participants lived alone and 16 participants 
required no assistance in daily living. Further characteristics are listed in Table 2.

The analysis of needs, preferences, feasibility and practical aspects regarding the 
design and functions of the mock-ups resulted in two categories and four subcategories, 
which are described later.

Fall detection sensor – needs and preferences
The participants welcomed the idea of a body-worn and waterproof fall detection 
sensor. The following needs and preferences related to the fall detection sensor were 
identified.
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Size, shape, colour, weight and material
The preference for the bendable sensor mock-up was unanimous. Its size (Figure 1) was 
largely acceptable; however, some participants stated that they would need a thinner 
one, as it would be more adaptable/comfortable to the body. Others felt that the size 
should be defined primarily from a technical point of view in order to ensure reliability.

For some participants, the transparent colour of the presented mock-up sensor 
was suitable, while others were indifferent. However, other participants preferred an 
eye-catching colour, as per the following statement:

 “The colour is important to me. I am a hobby gardener. If something drops in the 
shrubs, I can’t find it any more. This is why I prefer [it] to be coloured, loud and 
trendy. Such a thing [sensor] isn’t visible” [Fg1sII].

In regard to the shape of the sensor, the participants would prefer round, oval or the 
shape of a blossom. Some participants felt that the sensor should serve its purpose, 
and others mentioned that it should also serve as a trendy accessory. The weight of the 
sensor, which was 10 g, was acceptable. The participants compared it with the weight of 
other assistive devices, such as glasses and hearing aids. The material of the sensor was 
organic silicon on the surface, which was in general well accepted by the participants 
due to its softness and it being waterproof as well as due to the practical aspect of it 
being hygienic because it was washable. However, some were concerned with possible 
sweating or the feel of its jelly-like surface. In general, the presented mock-up seemed 
to be well accepted; however, the important issue of reliability remained.

Table 2. Participants’ characteristics (N=22)

Characteristics Participants (N=22)

Age (years), mean (SD) 80 (4.5)

 (Min-max) 75 - 89

Gender, n (%)

 Female 18 (82)

 Male 4 (18)

Living alone, n (%) 14 (64)

No assistance in daily living, n (%) 16 (73)

History of falls, n (%) 10 (45)

Experiencing fear of falling, n (%)   9 (41)

Mobile / smart phone use, n (%)   8 (36)

Internet use at home, n (%) 13 (59)

Abbreviations: SD, standard deviation; min, minimum; max, maximum
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Feasibility and practical aspects related to daily use
Wearing the sensor on the waist or chest seems feasible and practical, as it would 
barely affect one’s movement and activity. In addition, these body locations are easy 
to reach and do not require the help of another person. Some participants would 
prefer to wear the sensor in the brassiere, as this would optimize fixation of the sensor. 
Other participants raised concerns about a possible negative interaction between the 
organs and the sensor. They felt that the Bluetooth connection between the sensor 
and smartphone might be harmful to the functioning of their organs. Thus, they would 
prefer to wear the sensor on the extremities. The participants emphasized that the issue 
of wearing might be better explored by actually testing this fall detection sensor under 
real-life circumstances and over a period of several days or weeks, as per the following 
comment: “I need to experience it for myself, otherwise, I can’t really tell you” [Fg1sII]. The 
participants had varying ideas regarding the duration of wearing the sensor, ranging 
from 24 hours to more than several weeks. Some seniors emphasized that according 
to their experience regarding the risk of falling, wearing the sensor during the night is 
even more important than wearing it during the day. One comment was: 

 “If you have to get up from your bed at night, as every one of us has to do, then, 
it [the sensor] is even more important than during the daytime” [Fg2sII].

More than once the participants stressed the importance of self-testing in order to be 
able to evaluate all aspects related to the device’s daily use.

The interviewed seniors evaluated four different patches for fixation of the sensor 
on the body (Figure 1) and emphasized the following: it should be gentle on the skin, 
simple to manipulate and have good adhesive performance. They consistently favoured 
patches 1 and 3 (Figure 1). Some participants were particularly concerned about the 
issue of skin hypersensitivity. Hence, they would need alternative ways to fix the sensor 
on the body.

 “It stands to reason, you can stick it [patch] on your skin and detach it, but for 
people with delicate skin it will not work. For me, the main question is how to fix 
the sensor on without patch?” [Fg2sII].

One participant suggested “you should think about a belt with a slit, so you can tie it 
around the body” [Fg2sII]. For feasibility reasons, the fall detection sensor should be 
functioning constantly and worn everywhere, including at home, outdoors as well as in 
the basement or attic, as these places are isolated, and it would take time until someone 
would find a fallen person. Another practical aspect revealed during the focus group 
discussions was that some participants would prefer to combine the fall detection 
sensor with a device, which is familiar to them and already used in daily life, such as 
jewellery (pendant and bracelet) and a personal watch. “Personally, I would prefer a 
bracelet; I am used to it since my youth” [Fg1sII]. In general, the participants agreed that 
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it is crucial that minimal effort be involved in the use of a fall detection sensor and that 
the range of mobility should not be hindered.

Smartphone – needs and preferences
The findings showed that the idea of using a smartphone when using the fall detection 
sensor created some general scepticism among the participants. The following needs 
and preferences related to the smartphone were identified.

Design (colours and textual content), options “stop alert” and “need help”
The suggested colours (Figure 1) of the smartphone application were in general 
accepted by the participants, although some would prefer it to be in red or green. Their 
suggestion of colours originated from traffic lights, with green indicating “no problem, 
no alert” and red indicating “problem, alert”. However, it was argued that what is more 
important than the colour is that somebody would come to help. The textual content of 
the application met the needs of the older persons due to it being straightforward and 
readable. The option stop alert was identified as being very important. This would allow 
a false alert to be stopped and, therefore, not bother a contact person without reason. 
Not bothering without reason was viewed as very important. The option “need help” 
allows the manual activation of the alert independent of a fall. This is because there 
might be situations other than a fall, where receiving help would be important.

Feasibility and practical aspects regarding alerting process
The participants unanimously stressed that the suggested automatic alert is a clear 
advantage of this device. It was emphasized that reliable fall detection and alerting is 
key. The avoidance of false alerts such as during gymnastics, while stumbling or when 
accidentally bumping the device, is crucial in order to avoid bothering contact persons 
without reason. However, they were aware that no technology is completely secure. 
One participant stated “I believe that nothing is 100%, but we should seek the optimum” 
[Fg2sII]. Once a fall alert has been emitted via smartphone application, the interviewees 
consistently preferred acoustic signals regarding the process of the alert transition and 
the confirmation of it by the contact person. This would allow them to be informed 
without looking at the smartphone, which might be impossible after a fall.

 “From my point of view this is significant, if perhaps I fall in the kitchen and this 
device [smartphone] is in the living room. I won’t be able to look at it. Then, I am 
lying on the floor and I am thinking; hopefully it works” [Fg2sII].

Furthermore, the participants suggested a melody instead of a spoken signal. The 
melody should be louder during alert transmission and as soon as the alert is confirmed, 
the melody should continue to occur but more quietly. During the night time, this 
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process should include a blinking light. The participants suggested to also send an 
email when sending an alert via short message (SMS).

The participants had clear ideas about how to choose the contact person in case 
of a fall. The primary criterion was the availability of the person. It was emphasized 
that relatives should always be one of the contact persons. Even if they are not able to 
assist, they should at least be informed that a fall had occurred, as they might be able 
to organize assistance. Other contact persons could be neighbours because they could 
provide quick assistance. However, it could not be taken for granted that a neighbour 
would want to be included as a contact person or that they would be available, 
particularly if they were younger persons, who are less frequently at home. Health care 
professionals or a clergyman from the community could also be a contact person. Only 
as a very last option was the emergency call centre mentioned, due to possible high 
cost in case of a false alert.

A crucial point of discussion was the operating distance (8–10 m) between the 
sensor and the smartphone. In particular, participants living in houses with several 
floors, in apartments with several rooms or in those with regular gardening activities 
considered this distance as being neither feasible nor practical for daily life.

 “It is possible to send signals to the moon; hence, more than eight meters should 
be feasible. This point is important. It should be possible that [the smartphone] 
remains in one place in the house” [Fg2sII].

In contrast, the participants suggested that this operating distance would be suitable 
for smaller dwellings, for less mobile people or for people with physical restrictions.

A further aspect of discussion was related to the smartphone itself. Participants 
expressed their concern regarding the mandatory use of a smartphone when using 
this fall detection sensor. Few participants reported having experience in using a 
smartphone. They mostly assumed that a smartphone is difficult, that its different 
functions are unclear, that one should have it constantly in mind and switched on, and 
that it must be charged regularly. The preferred solution of many participants was to not 
use a smartphone at all and instead have a sensor that directly transmits the alert SMS 
to the predefined contacts. Moreover, having one device is more practical than having 
two devices. “The more devices you need, the more difficult it is for us aged people” 
[Fg3sII]. However, participants mentioned that it is important to develop such a device, 
as future generations will probably not have any difficulties with using a smartphone. 
Once again, the participants stressed that self-testing is important in order to explore 
the device thoroughly. In summary, the participants welcomed the automatic fall 
detection alert but were doubtful regarding the required operation distance between 
sensor and smartphone as well as the seemingly challenging use of a smartphone in 
daily life. Hence, some participants would prefer to solely use a sensor.
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Discussion

Principal findings
The aim of this study was to explore the needs and preferences of community-dwelling 
older people by involving them in the device design and mock-up development stage of 
a fall detection sensor and its smartphone application. Overall, the participants largely 
welcomed the automatic and manual alerting functions of the device, as well as that the 
sensor was waterproof and served both as a day-time wearable device and a night-time 
wearable device. The sensor mock-up was also well-accepted in regard to its weight and 
material. The bendable model of the sensor mock-up was consistently preferred. These 
aspects can therefore be directly considered for prototype development.

The needs and preferences differed regarding the size, shape and colour of the 
sensor mock-up. It was discussed that the sensor prototype should be thinner than 
the mock-up and that it should be available in different shapes and colours. However, 
the participants emphasized that requirements regarding the reliability of the sensor 
should determine its size.

Relationship to current literature
Although the participants felt that wearing the sensor on the body was practicable, 
they instead suggested combining it with an item that is normally worn in everyday 
life. The feasibility of this finding should be considered for the prototype development. 
However, this could be challenging, as a sensor for automatic fall detection has to fulfil 
a number of technical requirements, such as remaining in a fixed position on the body 
in order to detect a fall in a sensitive and specific way.48

This might be an issue to consider further as items such as jewellery and watches 
are very familiar to older people. Familiarity seems to play an important role in designing 
technologies for older people, as it may promote the acceptance and usage of the 
technology.20, 49 Design questions are likely to influence acceptability and practicability, 
as described in the literature on the development of medical devices.50 Hence, ensuring 
familiarity could be a successful way of making technologies accessible to the world 
and language of older people.49 In order to address older people’s need for familiarity, 
their perspective must be included in the design development of fall detection devices. 
However, during the last decade, research involving end users has focused mainly on 
fall detection algorithms.34, 51, 52

The participants had doubts regarding smartphone usage. Several end user 
participants were not confident in the use and handling of it and suggested the use 
of a sensor without a smartphone. An aversion to smartphone usage is concordant 
with Abbate et al.53 who developed a smartphone-based fall detector for older people 
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attached to the belt. They found that their participants were pessimistic regarding 
using this device in daily life. A review on “challenges, issues and trends in fall detection 
systems”, emphasized that no previous studies suggesting smartphone-based fall 
detection devices involved older people.54 

Difficulties of older people in the use of smartphones are reported in the literature 
and are considered as being part of the ageing process.55 Ageing is an ongoing process 
in which the eyesight, touch sensitivity and cognition often gradually decrease. These 
functions are particularly crucial in the use of a smartphone. In order to overcome these 
age-related difficulties, technical solutions are required. Smartphones should remain 
accessible for the ageing population. Moreover, this finding shows that involving end 
users is highly valuable, as it allows the identification of possible barriers for using a 
device that is under development and helps to classify future end users. Although 
the criticism of smartphones is legitimate, using a smartphone for fall alerts offers the 
advantage of being able to use the same device both indoors and outdoors.48, 53 In 
addition, the smartphone represents a sustainable device with the potential for future 
development.

Currently, the use of smartphones as a fall detection device presents a possible 
barrier; however, in the long-term, smartphone usage will steadily increase among older 
people. This suggests that in the upcoming years, an increasing number of older people 
will be familiar with it.56 In order to promote this trend, it is important that smartphone 
developers seriously consider these age-related declines, such as eyesight and touch 
sensitivity, in the development of smartphones.

As the participants were involved only in the design and mock-up stage, their needs 
and preferences regarding smartphone usage remain hypothetical until they have 
tested it. The results of this finding highlight the necessity of older persons’ involvement 
in the next stage of device development. Sensor prototype testing in the real field must 
entail carefully developed training and support for community-dwelling older people 
in regard to smartphone usage.

Criticism of smartphones may not be limited solely to the handling of them 
as participants emphasized their need for being mobile when using such a device. 
The distance between the sensor and the smartphone is limited due to reliability 
aspects. As sustaining physical activity and engagement in social life are crucial for 
active ageing, there is a need for being mobile when using a fall detection device.6, 57 
Moreover, independence is described as one of the key factors for older people in the 
use of technologies.58 There are several implications of this finding for the prototype 
development and for the real field trial. First, technical solutions are required in order to 
extend the reliable distance between the sensor and the smartphone. Second, alternate 
ways of transmitting the data to the device should be considered. Third, depending 
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upon the technical feasibilities, the training of the older people in the upcoming stage 
must provide information regarding the management of sensor-to-smartphone radius 
in daily life. Fourth, in the real field trial, it will be important to explore which end user 
group might benefit the most from this kind of fall detection device.

A very relevant finding was the repeated emphasis on real-life testing, both in 
regard to the sensor and to the smartphone. This reveals the positive attitude that end 
users have regarding their involvement. Furthermore, it demonstrates the adequacy of 
the applied theoretical framework, which recommends involving the end users in all 
four steps of device development.44

The needs and preferences from the perspective of the involved older people were 
quite homogenous regarding the mock-up sensor and its smartphone application. This 
seems surprising as older people are described as being a highly heterogeneous age 
group.59 However, this can be considered as a sign of data saturation, as the possibility 
to obtain any additional new information had been reached.60 It might also have been 
attributable to the included sample, which may have consisted of individuals who were 
interested in exploring technologies.

Strengths and weaknesses
Some limitations should be considered when interpreting the findings. In this study, 
end users were not involved in the first stage of device development (idea generation 
and concept development). Through involving end users starting instead at the 
second stage, we saved resources during the first stage by drawing upon our available 
interdisciplinary expertise, which consisted of nursing researchers, engineers and a 
former geriatric medicine nurse. Moreover, discussing possible technological solutions 
without a mock-up might have been overwhelming for older people, especially those 
who were less familiar with current technological developments.37, 61 

The convenience sampling is a limitation of the study. It is possible that our sample 
consisted of older people, who were more motivated, rather than those who were at high 
risk of falling or those who were more resistant toward technology. This self-selection 
bias is an ongoing challenge in interview-based research.45 The sampling strategy was 
utilized due to difficulties in recruiting community-dwelling older people for research 
involvement. Bridgelal et al.37 and Shah and Robinson36 described the challenges of user 
involvement in research, but their focus was limited to researchers and industry.

The rigor of the analysis was enhanced by conducting it at different levels with 
three members of the research team. The primary focus on manifest content during 
analysis reinforces the trustworthiness of results.47, 62 



88

Chapter 3

Further research
Based on the findings of this study, the fall detection device prototype will be developed 
by the research team. In accordance with the underlying theoretical framework, users 
will be reinvolved in stage III and will test the fall detection sensor prototype in real life.

Conclusion

This study findings show that older people, as end users, are able to contribute in the 
mock-up design stage in the development of a fall detection device, by indicating what 
really matters to them. The exploration of their needs and preferences, along with their 
input into the feasibility and practical aspects of the device, reveals the value that user-
involvement has for researchers and engineers, especially in guiding development of 
the device.

The study revealed that this wearable, waterproof sensor for fall detection and 
alerting is feasible, although the shape, colour, size and fixation of the sensor should be 
modified during the development of the prototype. Several of the participants did not 
feel comfortable with the use of smartphones. Therefore, careful training and support 
of participants in smartphone usage during real-life testing will be crucial. Participants 
indicated that the limited reliable distance for fall detection and alerting between sensor 
and smartphone should be extended, as it would restrict them in their daily activities.

This study also indicates that older people’s perception of activity, independence 
and familiarity should be considered in the development of a device, as it may influence 
the acceptance and usage of a fall detection device. These influencing aspects can 
only be revealed when end users’ perspectives are involved. As emphasized by the 
participants, user involvement in the third stage, the prototype real field testing stage, 
is necessary in order to go beyond the hypothetical considerations of the second stage. 
Based on these findings, the prototype of the fall detection device can be developed 
with a “needs-driven” focus.
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Supplement material

Focus group interview guideline
1. Start: welcome, introduction to researchers, process, communication forms during 
focus group interview, data confidentiality, audio recording, questions, informed 
consent
2. Research project: short overview
3. Opening question
	What are your experiences regarding falls?

4. Introduction
o Hand out material to participants
o Describe the fall detection device – sensor; patch; smartphone; smartphone app; 

charging; and demonstration of its functions.
o Emphasize: starting point; discuss and think critically about your needs, 

preferences as well as its feasibility and practical aspects of use in your daily life.
5. Transition question
	What are your first impressions when looking at this fall detection device?
o What is pleasant to you?
o What is less pleasant to you?

6. Key questions
	What do you think regarding the following aspects of the sensor:
o Material / size / shape / weight / colour / wear, comfort / duration of wearing / 

location of the sensor on the body
	What do you think about the different patches? Which one do you prefer and 

why?
	What do you think regarding the smartphone application?
o Different functions – stop, alarm, manual alerting / Colours / Comprehension of 

the text / Contact persons / Short message in case of an alert
	What do you think regarding the smartphone and its use?
o Distance between sensor and smartphone
	Imagine your everyday life – what do you like and why?
o while using this sensor / while using the smartphone application / while using 

the smartphone
7. Concluding question
	What do you think regarding the feasibility of using this fall detection device in 

your daily life?
	Is there any topic, which we have not yet discussed?

8. Closing: Thank you, short-questionnaire sociodemographic characteristics.
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Abstract

Aims and objectives: Community-dwelling older people were involved in the testing 
of a fall detection device to improve its utilisation and acceptance in everyday life.

Background: The usability of alerting devices remains unsatisfactory, as they are 
scarcely utilised by older people, despite wide recognition of the importance of rapid 
assistance after a fall. Moreover, the time a person remains on the floor negatively 
impacts the severity of fall consequences. However, it is unclear how to increase alerting 
device utilisation in everyday life. Therefore, older people were involved in this research 
to consider their perspective during prototype development.

Design: A qualitative focus group study was conducted, following a real field testing 
approach, underpinned by the theoretical framework “Medical Device Technology 
Development Process”.

Methods: Fifteen community-dwelling older people tested the prototype in daily living 
over a period of nine days. Different means of involvement were exploited such as “user 
seminars” or “discussion with users”. On day 9, data were collected using focus groups 
and analysed with qualitative content analysis.  

Results: The participants’ perspectives yielded positive aspects of the prototype along 
with aspects requiring improvement. They indicated that technical requirements are 
essential. They also revealed that a minimal change in daily routines, support for physical 
activity and independent living and the inclusion of trusted contact persons could lead 
to wider use of the alerting device.

Conclusions: Involving users is crucial in gaining a deeper understanding of aspects 
influencing utilisation of an alerting device. The study revealed that usability is 
influenced both by technical requirements as well as habits and personal preferences. 
This finding is vital, as habits and personal preferences can only be identified through 
the involvement of target users. 

Relevance to clinical practice: The study provides key insights for health practitioners 
interested in promoting the use of an alerting device in community-dwelling older 
people. 
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What does this paper contribute to the wider global clinical community?
	This study shows how older peoples’ needs regarding practical aspects of 

everyday life can be considered during fall detection device development.
	This article explains why a qualitative study design with a real field testing 

approach is a meaningful way of involving older people in the investigation of 
the usability of a fall detection prototype.

	Integration of a fall detection device into daily life should consider technical 
aspects as well as habits and personal preferences, such as daily routines, 
maintenance of independent living, staying physically active, the possible burden 
for relatives and the qualifications of health professionals. The study provides 
key insights for healthcare professionals interested in promoting the use of an 
alerting device. These insights, could, for instance, help health practitioners in 
supporting independent living among community-dwelling older people.
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Introduction

The global population of people 60 years of age and older is expected to double to 
more than 2 billion by 2050,1 representing a major societal challenge. Therefore, the 
concept of active ageing is gaining importance in both politics and health care. Its goal 
is to enable seniors to live independently, actively and safely, integrated in society and 
enjoying a good quality of life.2 Active ageing, however, can be interrupted or ended by 
a fall.

Background

Twenty-five per cent of people aged 65 and over experience a fall each year;3 moreover, 
fall rates and their associated negative consequences are up to twice as high for persons 
75 years of age and older.4 Falls are often associated with loss of independence, and 
increased mortality and disability.5, 6 Also, developing a fear of falling and consequently 
avoiding certain activities of daily life initiates a vicious circle of fear, avoidance and 
functional decline, which further increases the risk of falling.7, 8 One crucial factor 
influencing the physical, mental and social well-being of older people after a fall 
is the length of time the person remains on the floor.9 A long duration helplessly 
lying on the floor increases mortality and severity of injuries and is associated with 
subsequent hospital and care home admissions.10, 11 Community-dwelling older people 
are particularly at risk of a long life after falling and, thus, the consequences of falls 
jeopardise active ageing. 

Call alarm devices provide the solution of calling for assistance.12 Different devices 
exist, including a base station centrally located at home, along with a wristband, 
necklace or a device which is integrated to enable remote use (e.g., a blood pressure 
device).13, 14 However, call alarm devices are not yet commonly used by older people.15 
Approximately 80% of older people who have a device do not call for help even after 
they have fallen.10, 16 Reasons for not using a device are, for example, uncertainty 
about the alarm range, forgetting to put it on, discomfort or fear of false alarms.14 This 
highlights the fact that a device should be comfortable to wear both day and night for 
several days or weeks, and should not require frequent resetting. Commercially available 
personal emergency response systems, often in the form of a pendant, are criticised 
for not being waterproof, for lacking a global positioning system (GPS),14 and for their 
poor design.17 Additionally, most of the devices are manually activated, but a person 
with incapacitation after a fall, for example, unconsciousness or injury, would require an 
automatic fall alert. It seems that the currently available call alarm systems fail to satisfy 
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the requirements of older people. This is not surprising, as fall detection and alerting 
devices are, to a large extent, developed from a technical point of view18 without the 
involvement and consultation of older people. This means that crucial information 
regarding older peoples’ needs, preferences and technological difficulties are lacking,19 
although usability is described as a main criterion influencing acceptance and adoption 
of health-related technologies.20 For these reasons, it is pivotal to involve users in all 
stages of device development. Field studies are needed for successful introduction of a 
device,12 both to enhance acceptance of the technology and to facilitate its long-term 
use.21, 22 Qualitative methods are recommended for prototype testing, as they allow for 
gaining a deeper understanding of factors influencing usability and acceptability.20 

The aim of this study was to investigate the usability of a wearable, waterproof, 
automatically alerting, fall detection prototype, through the involvement of community-
dwelling older people in a qualitative study using a real field testing approach. For the 
purposes of this study, usability was understood as the prototype's practical aspects, its 
ease of use, and the users’ satisfaction with its handling and manipulation in everyday 
life. To add knowledge to the field of “needs-driven” device development, we designed 
a research project that involved older people in the various development stages of a 
fall detection device. In a previous phase of this larger project, older peoples’ needs 
and preferences regarding device design, using a mock-up, were explored and used to 
inform prototype development.23

Methods

Design
A qualitative focus group study design was followed, using a real field testing approach 
underpinned by the theoretical framework “medical device technology development 
process”, of Shah, Robinson and AlShawi.24 This framework operationalises the 
involvement of users in the following four stages of technology development: (a) 
idea generation and concept development; (b) device (re-) design and prototype 
development; (c) prototype testing in-house and trials in the real field; and (d) device 
deployment in the market and user feedback.24 It provides guidance in determining 
the users of a technology as well as the method of involvement corresponding to every 
stage of development. The results of stages I and II are reported in Thilo et al.23 This 
study reports on the results of stage III, the usability testing of a fall detection prototype 
consisting of a wearable sensor linked via Bluetooth to a smartphone application.
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Wearable fall detection prototype
The fall detection prototype was developed by an interdisciplinary research team, 
including researchers from nursing as well as from electrical and communication 
engineering. No business partner was involved. The sensor uses two characteristics 
to recognise a fall and to automatically send an alert: (a) impact on a lower level, (b) 
resting position of the fallen person. This information is obtained via processing of the 
person's fall acceleration data. Table 1 depicts the fall detection prototype, including a 
description of how it works.

The prototype was designed between August 2014–July 2015, according to the 
results of stages I and II of device development. The newly developed prototype was 
evaluated for 5 days in May 2015 by six members of the study team and by one research 
colleague external to the team, to ensure reliable alerting and functioning as well as to 
solve any major usability problems.

Table 1. Description and functioning of fall detection prototype (sensor, smartphone app and 
smartphone)

Item Description

Sensor Size: 6cm x 3cm x 0.7 cm 
Weight: 10 grams
Material: Bio silicon
The sensor is worn on the torso day and night. Bio silicon ensures that it is waterproof.

Sensor 
charging shell

Every participant received two sensors, one for wearing and one for charging. The 
remaining charge of the battery is indicated on the app. For charging, the sensor is 
simply placed on the provided shell. 

Patches Two kinds of patches were available for fixing the sensor on the torso, and both were 
suitable for sensitive skin. 

Smartphone Android dimension is 137 mm x 70 mm x 7.9 mm. Screen is 5 inches. The sensor is 
connected via Bluetooth to the smartphone. The Bluetooth is a prerequisite for reliable 
fall detection and alerting. Hence, the sensor has to be within a range of eight to ten 
meters from the smartphone.

App A first screen indicates the open app. The sensor that is currently working is indicated 
on the screen. The battery status of the sensor is also visible. A button «need help» 
allows for a manual call for help. Another button has to be initiated for connecting 
and activating the worn sensor. A second screen opens automatically when a fall has 
occurred. The alert may be stopped according to an individually adjustable time frame, 
made visible by a closing cycle. The alert is transmitted to the previously defined 
contact persons, and a third screen appears. As soon as one of the contact persons 
validates the alert, a fourth screen pops up. Screens 2, 3 and 4 each appear with a 
different melody.   

Alert message 
(text message)

Content: Fall alert! I fell at 14:55 on January 13th, 2015. My actual position http://maps.
google.com/maps?g=47.06557+7.6140575 
The fall alert is emitted to several predefined contact persons, chosen by the user. The 
content of the emitted fall alert is described. GPS transmits the location of the person. 
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Sample
Community-dwelling older people living in the Canton of Bern (Switzerland) were 
included in the study according to the following criteria: being 75 years of age or older, 
being able to give verbal and written informed consent and the ability to walk with or 
without aids. Wheelchair users, institutionalised, hospitalised and older people living in 
assisted living facilities, as well as people with dementia, were excluded.

Participants were recruited using a convenience sampling strategy. Considering the 
heterogeneous recommendations regarding sample size in usability tests,25 we aimed 
for 16 participants to discover both major and minor usability problems. Available 
printed or electronic flyers provided the necessary information, such as relevance of the 
study, study timeline, participants’ tasks, inclusion criteria or registration information. 
Additionally, participants were recruited with assistance from the management of: 
four seniors’ associations, one municipal agency for senior citizens and one healthcare 
service organisation for older people. They distributed flyers through face-to-face 
contact, e-mail or via displays. Study registration occurred online, via a reply card which 
was part of the study flyer, or via a telephone call.

Procedure of involvement and testing
From August–October 2015, the real field testing of the fall detection prototype occurred 
in four test periods, each of nine days. In each test period, four participants could be 
involved. This ensured close coaching and support, which allowed the participants to 
feel secure. The real field testing, summarised in Table 2, started with a user seminar 
conducted at the Institute of Nursing Science, to ensure adequate preparation for study 
participation. Two researchers (FT, SB) conducted the seminar to provide face-to-face 
information, as required. Participants were asked to bring mobile phone numbers of 
one or two persons (relatives, friends or neighbours), who were willing to respond to 
possible alerts during the real field testing. The phone numbers were then installed on 
the smartphone application. A user manual was provided to support participants with 
written information during testing. In the user seminar, participants were instructed in 
how to use and activate the prototype (sensor, smartphone, app), how the alert process 
worked, as well as in battery loading and use of the 24-h telephone helpline. 
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Table 2. Procedure of prototype real field testing

Prototype real field testing

Between August and October 2015

Day 1 Day 2 Days 3 - 8 Day 9

Procedure 2 h user seminar (by 2 
members of research 
team)

1 h discussion with 
user (by 1 member of 
research team)

Testing in 
everyday life

2 h focus group 
(by 2 members of 
research team)

Location

Institute of Nursing 
Science

Participants’ homes Participants’ 
homes

Institute of Nursing 
Science

24 h telephone helpline – technical problems or handling

Study diary participants – reflecting tool

Research team diary – reflecting tool

Description 	Explanation of 	
study procedure

	Verbal and informed 
consent obtained

	Testing materials 
handed out* 

	Functioning of fall 
detection prototype 
demonstrated 

	Presentation of user 
manual 

	Training: handling of 
prototype 

	2-3 contact persons per 
participant individually 
added to smartphone

	Explanation how to use 
the study diary

	Questions answered

	Focusing on challenges 
and questions 
regarding daily use of 
the prototype

	As necessary, 
additional personalized 
training in prototype 
usage 

	Checked reliable 
functioning of 
prototype (fall 
simulation by dropping 
down the sensor in 
order to activate the 
alerting process with 
researcher as contact 
person)

	Socio-demographic 
data by interviewing

	As necessary, 
additional information 
in use of the study 
diary

	Wearing and 
use of fall 
detection 
prototype 
during day and 
night

	Semi-structured, 
using an interview 
guide

	Returning of 
testing material 

*Testing materials: 1 user manual, 2 fall detection sensors, 1 android smartphone with the fall detection app, 
1 charging shell, 1 charging cable smartphone, 2 types of patches and 1 study diary. 

On day 2 of real field testing, one researcher (FT) from the user seminar visited 
the participants in their homes for 1 hr to support and enable ongoing testing. The 
topics outlined in Table 2 were discussed. On day 9, at the end of real field testing, the 
participants returned to the Institute of Nursing Science to participate in a focus group 
convened to discuss the usability of the prototype.
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A study-specific diary, which served as a reflection tool, had been provided: (a) to 
enable the participants to write daily evaluation notes regarding wearing comfort and 
handling of the prototype and (b) to help them reflect on and recall the field testing 
during the focus group discussion. During the entire real field testing phase, the first 
author followed and critically reflected on the progress of the test, making written notes 
in the research team's daily diary. These written notes included, for example, questions 
from the participants, phone calls, technical problems that occurred, assistance/solutions 
provided, impressions from user seminars and home visits. The user manual and the 
study diary were specifically developed for the study. The comprehensibility of the user 
manual was checked with two persons between 40–55 years of age (colleagues from 
the University) and one person 74 years of age (family member of a researcher). Based 
on their feedback, the simplicity of phrasing and structure were optimised, for example 
using more common terms and keeping sentences short. The comprehensibility of the 
study diary was checked with two people aged 70 years of age and older (each a family 
member of a researcher). Only minor modifications were needed, such as optimisation 
of the layout and order of the topics.

Data collection
At the end of each real field testing period, a semi-structured focus group was conducted, 
as this approach is ideal in guiding product development.26 Each focus group was 
digitally recorded. Two researchers conducted the discussion, with one acting as the 
moderator (FT) and the other as the assistant moderator (SB). The focus group guide 
was developed prior to real field testing and was based on the recommendations 
of Krueger and Casey.26 It was used to stimulate and structure the discussion, which 
covered impressions and experiences, positive aspects as well as any aspects of usability 
requiring improvement of the sensor, smartphone or app. 

The socio-demographic data were collected through interviews on day 2 of real 
field testing (Table 2).

Data analysis
The focus groups were transcribed verbatim according to a transcription guideline 
utilising the software program f4®. The transcripts were analysed applying deductive 
content analysis, which is suitable for providing new insights and a condensed 
description of a phenomenon.27 Prior to data analysis, a categorisation matrix was 
developed based on the deductive coding system of the previous study.23 In this study, 
the analysis focused on aspects of usability of sensor, smartphone and app in daily 
life. The categorisation matrix was applied to the data in three iterative coding cycles 
using provisional, simultaneous and structural coding.28 This analysis was reviewed 
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by a second researcher (SH). Disagreements of code assignments were resolved by 
discussion. The codes were clustered into categories and subcategories according to 
similarity and regularity and were descriptively summarised. Additionally, notes from 
the research team diary supported decision-making during the clustering process, 
along with the thematically recurrent topics from the user's perspective. The categories 
and subcategories were then critically reviewed and discussed in the research team. 
After minor modifications regarding their naming, the final version was approved by 
the team. MAXQDA® (version 12) supported the qualitative data management. Socio-
demographic data were described using descriptive statistics (e.g., mean or absolute 
and relative frequencies). The study diary notes were introduced by the participants 
during the focus group interviews.

Ethical consideration

The Ethical Committee of the Canton of Bern (KEK-BE 091/15) approved the study. 
Written and verbal informed consent was obtained prior to the study participation.

Results

A total of 15 participants with a mean age of 81 years participated in the real field 
testing of the fall detection prototype. Further characteristics are displayed in Table 3. 
Two participants opted out on day 2 but later participated in the focus group. One of 
those participants considered the handling of the smartphone too difficult and the 
other participant felt overly strained due to bereavement. Each focus group lasted on 
average 100 min.

No fall was reported. Ten false fall alerts were indicated, which were due to the 
sensor being dropped or accidentally manually activated. The results of the usability 
prototype testing are divided into positive aspects and aspects requiring improvements 
for each part of the fall detection device, namely sensor, smartphone and application.

Sensor

Positive aspects
Overall, the size, weight, thickness and the material of the body-worn waterproof sensor 
were experienced as being comfortable. The preferred body location for wearing the 
sensor was the abdomen and its comfort was rated as high for both day and night. 
Gradually, the participants forgot the sensor: “I didn't realize I was wearing the sensor. 
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The wearing comfort is 100%” [FgPA] the two patches provided were highly praised 
both for fixing to and removing from the skin, as well as for their wearing comfort. Even 
participants who mentioned having highly sensitive skin were able to use the patches. 
The battery duration of 24 to 36 h was considered as acceptable by the participants, as 
they had two sensors each. Charging the sensor by simply placing it on the charging 
shell was considered to be very convenient: 

 “Me either, I haven't had a problem. I quite simply put the sensor on the charging 
shell in the evening. In the morning it was charged. I changed them and so the 
sensor was useable for the whole day” [FgPC/D].

Aspects requiring improvements
Although the battery duration was acceptable, the participants would have preferred a 
sensor that could be worn for several days or weeks without having to recharge it. Some 
participants explicitly emphasised that the daily charging and changing of the sensor 
bothered them, as they felt disturbed in their daily activities, especially when going out 
or when they were active for the entire day. 

A further aspect requiring improvement was the poor visibility of the sensor after 
having fallen upon the floor. Therefore, they recommended a signal, such as a manually 
activated blinking light. 

Table 3. Participant characteristics (N = 15)

Characteristics Participants (N=15)

Age (years), mean (SD) 81 (5.6)

Age (years): (min-max) 75 - 92

N

Gender

Female 11

Male 4 

Living alone 9 

Assistance in daily living 6 

History of fall(s) 4 

Fear of falling 8 

Use of walking aid 2 

Instability during walking 6 

Smartphone use prior to study participation 4 

Mobile phone use prior to study participation 8 

Internet use at home 10

Abbreviations: SD = standard deviation; min = minimum; max = maximum
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Several participants explicitly preferred to wear and use the sensor alone, without 
having the smartphone, particularly when at home. Its usability would then be further 
increased, as only one device would be necessary. 

 “What about a bigger sensor, perhaps twice the size, thus, the sensor could 
also have an alert function. This would be perfect, as no smartphone would be 
needed” [FgPA].

Smartphone
The smartphone represented a considerable barrier to the use of this fall detection 
device. Therefore, the discussion focused mainly on aspects of improvement, which 
were regarded as essential for further development of the device.

Aspects requiring improvements
In general, several participants felt unable coping with the smartphone. They added 
that most of their generation would need extensive training and coaching regarding 
handling a smartphone, to be able to deal with it on a day to day basis. However, some 
participants argued that with training, it would be possible to feel more comfortable 
with it.

The touch screen sensitivity of the smartphone was repeatedly criticised: Either 
the touch was too brief, too long, too weak, too strong or several keys were activated 
simultaneously. Once reactivated from the standby mode, several windows of different 
apps were often open. This caused problems and frustration because it was difficult to 
find the fall detection app:

 Participant 1 (P1) “I was bothered by this [smartphone]. After a while, it was just 
ticking over, and the screen was black. I had to reactivate it, I pushed the button 
from below, sometimes I saw it [fall detection app] directly, but more often other 
windows appeared. I pushed them back and forth, and finally, thank goodness, 
the fall app was in the middle of the screen.” P2 “Cor, thank you for this description! 
I thought, this happened only to me!” P3 “No, as if! We are all badly off” [FgPC/D].

Therefore, the participants suggested as follows: The smartphone should only 
provide the apps that are actually used by the person. For some participants, the font 
size, contrast and brightness were inadequate. To enable older people with deteriorating 
eyesight to use a smartphone, the participants revealed the need to individualise 
its colour, font size, contrast or brightness. The duration of the smartphone battery 
was approximately six hours, due to the continuous processing of data, which were 
unanimously considered to be too short for everyday life. It was burdensome to check 
the charging status of the smartphone several times a day, to remember to recharge it, 
to plug it in overnight and, along with all of that, it could not be placed too far from the 
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bed. “I had the feeling, I am not a slave, but a full-time supercharger of the smartphone 
and the sensors” [FgPA]. The annoyance with the battery duration increased when users 
left home for a whole day or even for a few hours. 

The required distance to maintain a reliable connection between the sensor and 
smartphone was hardly usable in everyday life (8 to 10 m). In particular, seniors who 
were living in a house or a larger apartment, and who had a garden, complained of 
feeling limited in their mobility and activity. Using this fall detection prototype meant 
not only having a main outlet where the smartphone could remain while moving 
around in the house, but also having to think to pick it up when going to another floor 
or when going the garden.

 “I was not only annoyed… dragging it with me all the time…I forgot it, it was on 
the wrong floor or something else, and I thought: I would rather throw it out the 
window” [FgPC/D]. 

As the status of connectivity between sensor–smartphone was only indicated on the 
app, the point when users went beyond the reliable fall detection distance was not 
perceivable without the smartphone.

App

Positive aspects
Overall, the app was described as being easy to manipulate and the textual content was 
clear, comprehensible and readable. 

 “It (the application) was very positive, with big writing and touch buttons, and 
“change sensor” was clearly written in the lower part” [FgPA]. 

The suggested colours (green, blue, yellow and orange) of the app were evaluated 
as pleasant. The automatic fall alert function along with the possibility to manually 
deactivate an alert was judged to be crucial for use of the device in everyday life. Two 
to three minutes allowance time for manual deactivation was thought to be optimal, 
as reaction time declines with age and not disturbing contact persons without a good 
reason was viewed as being important. It was considered helpful that the alert text 
message contained the localisation data (GPS) of the alarming person. The participants 
described themselves as active and on the move. Hence, the outdoor localisation 
seemed very important to them.

Aspects requiring improvement
Several times during real field testing, the contact person only recognised an alert hours 
after it had been sent and became very frightened: 
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 “Two hours later, my neighbour came to my apartment very agitated and said ‘I 
am very sorry, I didn't notice your alert. Is something wrong with you?’ And I said, 
happily nothing happened to me; I was only testing [the fall detection device]. 
She was so hugely relieved …” [FgPA]. 

Hence, it was considered crucial that the contact person who could not answer the alert 
should be informed by an automatic text message that the alert no longer required 
their attention.
Additionally, the participants believed that it may not be reasonable to expect that 
relatives, friends or neighbours are available 24 h a day. This is why an institutional 
telephone number, a specialised call centre and healthcare professionals, such as 
nurses, should always be on the contact person's list. It was suggested that it might also 
be desirable to develop an app for the contact persons, to allow them to easily validate 
the alert. 

The participants revealed some challenges regarding the choice of a contact 
person. It could be burdensome for relatives to act as a contact person because they 
are asked to be available even during the night and to react appropriately when help 
is needed. Moreover, they mentioned that relatives should also receive training. A few 
older people said that they did not have relatives or other persons who could be asked, 
or who were willing to provide this availability. Furthermore, the question of how the 
contact person would access the apartment / house needs to be clarified when using a 
fall detection device. In summary, Figure 1 provides an overview of the positive aspects 
and the aspects requiring improvements regarding sensor, smartphone and application.

Discussion

Community-dwelling older people were involved in real field testing to investigate 
the usability of a fall detection prototype in daily life. They described the waterproof 
sensor prototype as being very comfortable over a 24h period, and as having a high 
degree of usability, with little need for improvement. Of added value was the automatic 
fall alert, including GPS, combined with the possibility of manual alert. The app was 
viewed as being pleasant and easy to comprehend, but improvements were required 
regarding the alerting process and the choice of contact persons. In contrast, most 
of the participants encountered usability problems with the smartphone, due to its 
handling, its short battery duration or due to difficulty maintaining the right distance 
for reliable fall detection.

A particularly significant result is that, on the one hand, the application was 
evaluated as requiring little improvement; however, on the other, the handling of the 
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smartphone was considered to be challenging. First, although the seniors in the study 
who were already using a smartphone were in a minority, the prototype was still viewed 
by others as having the potential to be a usable device if the required optimisations 
regarding sensor and smartphone were addressed. Second, feeling overstrained in 
handling a smartphone may be attributable to a need for more training and coaching. 
The need for training when using a call alarm is described in the literature.29 Although 
the research team ensured face-to-face contact during the user seminars as well as 
during the home visit, repeated coaching and training over a longer period of time 
would likely be necessary. For outdoor activity, the use of a smartphone to call for rapid 
help would be important. Recently, more research has focussed on the accessibility 
of older people to mobile communication options,30, 31 and a smartphone might be a 
usable solution for upcoming generations. Consequently, to offer a desirable option for 
the current generation, a second version should be developed, which would enable 
those seniors who do not use a smartphone to take advantage of this waterproof, 
invisible, 24-hr wearable and automatically alerting fall detection sensor. In particular, 
the results demonstrate that recommendations regarding the use of a smartphone 
should be carefully considered, which contrasts with the suggestion of Lee and 
Carlisle,32 who recommend that a smartphone for fall detection and alerting represent 
a highly attractive option from the perspective of older people. The underlying study 
indicates that persons using a smartphone should fulfil some criteria, for example, 
prior smartphone usage, being motivated to learn how to use a smartphone, or being 
homebound and having daily contact with carers. 

Third, however, the majority of participants called for a solution without a 
smartphone. This result is important and is understandable, as older people are a 
heterogeneous age group.33 It is not reasonable to expect that “one device would fit 
all.”  The findings suggest that usability of a device goes beyond technical requirements. 
In particular, longer battery duration (smartphone, sensor), maintenance of a reliable 
connection between the sensor – smartphone also with longer distances and utilisation 
of the sensor without smartphone were found to be significant requirements. These 
findings indicate that usability is largely influenced by the desire to be independent 
- also in terms of physical activity - and to have confidence in a device's reliability for 
one's entire living space without expending much effort on its maintenance (e.g., for 
charging). These concerns are congruent with the findings of Fleming and Brayne10 and 
Johnston et al.,34 who investigated, among other things, the reasons for non-use of a 
call alert system. Hence, it seems obvious that high acceptance of alerting devices is not 
correlated with high use in older people.15 

This is an interesting finding, because it indicates that the device on its own might 
be accepted as helpful by older people; however, to be utilised in daily life, it should 
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have the capacity to be easily integrated into daily routines. As older people are a 
heterogeneous age group,33 the current prototype may be suitable for homebound 
people or people with daily contact with carers, who could then be responsible for its 
maintenance.

Another specific finding suggests that the fall detection device may not have yet 
sufficiently met the concerns of older people with visual problems. The participants 
asked for a blinking light or a bright colour, which would help to more easily relocate 
a dropped sensor. This is hardly surprising, as visual impairments are common among 
older people, and the risk of experiencing such impairments increases with advancing 
age.35 Additionally, visual impairment is described as being related to falls.36 Thus, real-
life testing indicates that fall detection devices need to be adapted to people with visual 
impairments. 

A further point of discussion is the alerting process and the choice of contact 
persons. It was perceived as complex when choosing the right persons with adequate 
knowledge, skills and availability as well as the kind of information to share in case of an 
alert. Additionally, the findings support that contact persons should be trained in their 
role. Service organisations, including healthcare professionals such as nurses, should 
always be included as contact persons to ensure 24-h availability. It was considered too 
burdensome to require 24-h availability from private contact persons. This preference 
is congruent with the findings of Stokke.14 In particular, healthcare professionals are 
important, because if users are unsure about the helpers’ qualifications, it could be a 
reason for non-use.14 These aspects may provide a salient contribution in supporting 
older people in using a device in daily life. Moreover, it suggests that relatives and 
healthcare professionals should also be involved in the development and testing of the 
device, to thoroughly investigate their roles in the alerting process and how to optimally 
train, support and advise seniors in the use of a fall detection device. 

A limitation of the study could be the sample used, as the majority of participants 
lived in the community without need of assistance. However, according to Stokke,14 the 
typical alarm call system user is over 80 years of age and lives alone. This study involved 
older people with an average age of 81 years; nine of 15 participants lived alone. 
Another interesting variable might be a history of falls, as it is conceivable that those 
with a history of one or more falls might be more willing to use a device than those 
without. In this study, four of 15 participants had a history of falls. However, a recent 
study found no significant difference regarding history of falls between participants 
who had purchased an alerting device and those who had not.37 Thus, the underlying 
sample also seems appropriate in terms of risk of falls. In addition, it could be argued 
that more physical problems would have little influence on the results, as smartphone 
usage was already problematic, and care-dependency would actually result in the user 
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being more homebound and perhaps they would then have a carer or relatives who 
could be responsible for the device. Consequently, it seems even more important to 
include those older people who are still able to actively engage in the community. 

This study indicated that including other user groups, such as relatives and 
healthcare professionals, especially nurses, is critical when using a device. Their 
involvement would have provided beneficial additional insight. However, due to limited 
financial resources, the research team narrowed the variety of users involved. 

Fifteen of 16 participants took part in the study; thus, according to Faulkner,38 in 
a group of 15 people, 90% of usability problems of a device will be found. Although 
known for its numerous benefits,21, 22 user involvement might be challenging in terms of 
collaboration with users.21, 39 Thus, different methods of involvement and smaller groups 
of participants were chosen. This enabled the participants to be personally coached, 
thereby establishing trust and collaboration with the nurse researchers, and ensuring 
that participants felt secure during testing. Additionally, researchers from nursing 

Figure 1. Results of the usability testing of the fall detection prototype in everyday life (author’s 
illustration)
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science are highly skilled in communicating and collaborating with older people. This 
can be considered as a strength of the study, because even those who had severe 
problems in using the prototype participated in the focus groups, and thus provided 
valuable insights regarding optimisations of the device.

Conclusion

This study encourages the development of a 24-h wearable, waterproof, automatic 
alerting (including GPS location) fall detection device but emphasises that a solution 
without a smartphone should also be provided. To meet the heterogeneous needs of 
older people, several versions of this device are needed. It is hardly reasonable to aim 
for a “one device fits all” solution. First, we recommend development of the “original” 
version of the device, in which the sensor is linked to a smartphone, and in which the 
requirements for optimisation are considered. Persons already using a smartphone 
should be able to download the application from the app store, thereby only purchasing 
the sensor. Second, a sensor version without smartphone should be provided. This 
could be accomplished by linking the sensor to a centrally located base station at home, 
with reliable fall detection and alerting in the indoor living area, as well as outdoors 
in the garden area. Thus, those seniors who do not (yet) use a smartphone could also 
take advantage of the waterproof, invisible, 24-h wearable and automatically alerting 
fall detection sensor. A further possibility might be that the smartphone could be used 
only when away from home (when going for a walk, when in town or when travelling). 

The study revealed that the integration of a fall detection device into daily life 
goes beyond its technical requirements. It is also strongly influenced by habits and 
personal preferences such as daily routines, physical mobility, maintenance of the 
perception of being able to live independently, as well as by the role that relatives and 
healthcare professionals have with the participant. This valuable insight can only be 
operationalised by involving older people and their relatives in device development. 
Healthcare professionals seem to play an important role when fall detection devices 
are used. This signifies that healthcare professionals, such as nurses, require enough 
knowledge to support and advise on everyday usage, and that they should be part of 
the alerting process. Also, the competencies and skills of the contact persons involved 
should be reviewed and, if necessary, they should receive training, which could be 
provided by healthcare professionals. It is also important that being a contact person 
does not represent a burden to the relative. 

Additional research is needed to investigate further factors influencing the use and 
non-use of fall detection devices in community-dwelling older people. This could be 
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accomplished through a qualitative approach investigating the perspectives of these 
people and their persons of trust, namely relatives and healthcare professionals. Thus, 
the topic of falls and device use could be better understood and supported, which 
would assist in promoting older peoples’ active and safe living in the community.

Relevance to clinical practice
The integration of a fall detection device into the everyday life of community-dwelling 
older people could improve their ability for independent living in old age. Health care 
practitioners assisting in the use of a fall detection device in community-dwelling older 
people could make a significant contribution towards the promotion of active ageing. 
However, to ensure successful consultations and the sustainable utilisation of such a 
device, nurses require the appropriate knowledge to support, coach, train and offer 
advice regarding its everyday use. 

Additionally, health care practitioners need to assess the suitability of the fall 
detection device with personal preferences, skills and habits. They should identify and 
teach how the device could be included in daily life. Furthermore, depending upon the 
availability of relatives, health care practitioners should ensure that contact persons 
for the alerting process are involved are able to access the apartment and are also 
knowledgeable in reassessing the adequacy of the device. 

The study also indicates that health care practitioners can significantly contribute 
to “need-driven” technology development, by translating user-related contextual 
knowledge and requirements to the developers of the technology.
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Abstract
Aims: To explore reasons, thoughts, motives, and influencing factors regarding the 
use or non-use of Personal Safety Alerting Devices (PSADs) in the daily lives of com-
munity-dwelling older persons.
Design: A qualitative descriptive study design was used.
Methods: Six focus groups were conducted with a total of 32 older persons between 
February–August 2016. Data analysis followed the Qualitative Analysis Guide of 
Leuven.
Results: The participants described the use or non-use of PSADs as a decision re-
sulting from a “legitimation process”. This process implies that a person needs to 
perceive the necessity for a PSAD and then determine the right moment at which 
to start using it. During this process, each person weighs her or his “ageing self” and 
“perception of technology” then decides whether to start using a device or to delay 
its use. “Critical events” initiate this process, compelling the person to consider their 
own safety and their possible need for assistance.
Conclusion: The legitimation process suggests that the initiation of PSAD use rep-
resents a turning point in life. Using a PSAD is not simply a matter of obtaining one. 
It is a complex decision-making process establishing legitimation for its use, which is 
interwoven with one's individual ageing, self-perception, and the meaning attributed 
to the device.
Impact: Older persons need to be supported; in particular, they require time to go 
through the legitimation process for PSAD use. Nurses can empower them in this 
process, such that they perceive using a PSAD as a means to restore their frailty bal-
ance and feel enabled to (re)gain control over their own life and thus to preserve their 
independence.
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1  | INTRODUC TION

“Ageing in place” is embraced by health care and political agendas 
worldwide (International Federation on Ageing, 2011). Ageing in 
place promotes the well-being of older persons by enabling them 
to live independently, while safely and socially integrated in their 
accustomed surroundings in the community (Scharlach & Diaze 
Moore, 2016).

Community care is often considered a precondition for ageing 
in place (Vasunilashorn et al., 2012) and community nurses specif-
ically facilitate and support ageing in place (Greenfield et al., 2019). 
Community nurses assist older persons in maintaining their activities 
of daily living, in identifying any early symptomatic changes and in 
enabling a safe way of life (Smolowitz et al., 2015; Young et al., 2015).

2  | BACKGROUND

The safety of older persons is of primary concern for commu-
nity nurses, as many falls occur in the home environment (Hefny 
et al., 2016; National Council for Aging Care, 2018). International 
studies show that the rate of falls is between 25%–35% for com-
munity-dwelling older persons older than 65 years of age. This age 
group experiences at least one fall per year (Gillespie et al., 2012) 
and fall rates are up to twice as high for persons aged 75 years and 
older (Gale et al., 2016). A fall is “an unexpected event in which the 
participants come to rest on the ground, floor, or lower level” (Lamb 
et al., 2005). A considerable number of older persons, from 53%–
80%, are unable to get up after a fall and 13–30% of them endure a 
so-called “long lie” (Fleming et al., 2008; Simpson et al., 2014), i.e. lie 
on the ground/floor for longer than one hour, leading to a high risk 
for adverse outcomes, such as hypothermia, hospital admission, or 
serious injuries like hip fractures or head trauma (Bloch, 2015; Gill 
et al., 2013).

Therefore, Personal Safety Alerting Devices (PSADs) are piv-
otal for safe ageing in place. PSADs can reduce health-threatening 
consequences by enabling rapid assistance in emergency situations 
(Agboola et al., 2017; Nyman & Victor, 2014). Even though older 
persons consider PSADs to be helpful or report being satisfied 
with them, they are still rarely used in the daily life (Heinbüchner 
et al., 2010; McLean, 2016; Nyman & Victor, 2014). Non-usage, 
minimal-usage, or refusal of usage has been shown to be related 
to usability problems such as difficulty in activating an alert, eco-
nomic issues, or forgetting to wear/activate the device (Heinbüchner 
et al., 2010; Stokke, 2016).

Although increasing international attention is being given to the 
“need-driven” development of PSADs by involving older persons 
(Chaudhuri et al., 2015; Thilo et al., 2016, 2018), the discrepancy 
between their acceptance and their non-usage/minimal usage, con-
tinues to be a significant healthcare challenge (Lapierre et al., 2018; 
Nyman & Victor, 2014; Stokke, 2016). Several researchers have re-
ported that the acceptance of technology by older persons can be 
influenced by health professionals (Peek et al., 2014; Stokke, 2016). 

For instance, community nurses’ perceptions of the usefulness and 
appropriateness of assistive technologies for patient care was shown 
to be meaningful to older persons (Piscotty et al., 2015). However, 
there is a gap in the current literature regarding the understanding 
of the influencing factors around PSAD use and non-use in daily life. 
Far too little attention has been given to the reasons and motives of 
community-dwelling older persons. Gaining more insight may gen-
erate new strategies as to how community nurses can support older 
persons in PSAD use, thus enhancing safe ageing in place.

3  | THE STUDY

3.1 | Aim

The aim of this research was to answer the question: What are the 
reasons, thoughts, motives and influencing factors regarding the eve-
ryday use and non-use of a PSAD from the perspective of community-
dwelling older persons?

3.2 | Design

A qualitative descriptive research design was adopted (Kim 
et al., 2017; Sandelowski, 2010), using focus groups (Stewart & 
Shamdasani, 2015) to explore and uncover factors and rationales for 
behaviour related to PSAD use and non-use. Most research focused 
on the acceptability and usability of technologies is quantitative in 
nature and conducted in disciplines other than health care and nurs-
ing; thus, the context of acceptable technologies for older persons 
has hardly been investigated (Holden & Karsh, 2010; Marangunić 
& Granić, 2015; Taherdoost, 2018). Furthermore, a qualitative ap-
proach sampling the perspective of the user group itself was chosen 
as most likely to advance understanding.

3.3 | Sample/participants

Through purposeful and snowball sampling, community-dwelling 
older persons who were ambulatory, German-speaking, and aged 75 
or older were recruited. The age limit was based on data indicat-
ing that adults 75 years of age and older are part of a late technol-
ogy adopters generation (Smith, 2014) and also because they are at 
a high risk for falls (Rubenstein, 2006). Moreover, the participants 
should have had some experience with PSADs or with situations of 
falls or fear of falling. Persons using a wheelchair, living in an institu-
tion or an assisted-living facility, or who were cognitively impaired 
were excluded.

It is well-known that recruiting community-dwelling older persons 
for study participation is challenging (Hawranik & Pangman, 2002). 
We contacted over 25 organizations such as seniors’ associations 
or healthcare service organizations by distributing printed and elec-
tronic information leaflets. Faculty members, who were not part of 
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the research team or in other research project collaborations, were 
contacted via email and asked to forward the leaflet to their (grand-) 
parents, other relatives, and neighbours. Additionally, older persons 
who had already participated in a previous study from the Institute 
of Nursing Science were contacted. We assumed that they might be 
interested in participating in a new study due to the thematic prox-
imity of falling.

3.4 | Data collection

We organized a focus group once at least four participants agreed 
to participate in the study. Six focus groups with four to eight 
participants each were conducted between February–August 
2016. Each discussion lasted 2 hr and was audio recorded. All 
focus groups were moderated by the first author (FJST), who is 
experienced in qualitative interviewing and were assisted by a re-
search assistant. Different strategies were used to foster group 
dynamics and interactions: emphasizing that personal and con-
flicting viewpoints were welcomed, active listening, follow-up 
questions, or non-verbal signs (eye-contact, nodding) (Brinkmann 
& Kvale, 2015).

A topic-guide was used. The sequence of a focus group discus-
sion is displayed in Table 1.

The presentation of ten PSADs (Table 1) stimulated the dis-
cussion, provided information on PSAD diversity, use and func-
tion, allowed hands-on experiences and better understanding of 
reasons for liking or disliking a PSAD or considering it helpful or 
awkward. Finally, study sample participants completed a short 
questionnaire.

Following each discussion, field notes were made, and a re-
search diary was kept (FJST) to document the study process and 

decisions made. The moderator and research assistant reflected 
on the themes discussed. Insights were incorporated into subse-
quent focus groups.

3.5 | Ethical considerations

The study was conducted in accordance with the Swiss Federal 
Act on Research Involving Humans, confirmed by the cantonal 
Ethics Committee in October 2015. Written and verbal informed 
consent were obtained prior to study participation. The study 
leaflet explained the purpose of extending knowledge on falls 
and currently available personal alerting technologies. This study 
was conducted in compliance with the protocol, the current ver-
sion of the Declaration of Helsinki, the ICH-GCP or ISO EN 14155 
(as far as applicable), as well as with national legal and regulatory 
requirements.

3.6 | Data analysis

Each focus group discussion was transcribed verbatim, using the 
software program f4®. Identifying information was pseudonymized. 
Data were analysed using the Qualitative Analysis Guide of Leuven 
(QUAGOL), which allows a comprehensive and systematic but flex-
ible analysis process consisting of two parts: in-depth preparation 
of the coding process and the actual coding process (Dierckx de 
Casterlé et al., 2012). The QUAGOL was supplemented in steps 
seven to nine, using the methods of open and axial coding and memo 
writing (Boehm, 1994; Saldana, 2016). Please refer to Table 2. This 
combination allowed for enhanced depth of interpretation during 
data analysis.

TA B L E  1   Sequence of a focus group discussion

Focus group

First part: Topics addressed:
▪ Everyday experiences with electronics
▪ Experiences with the topic of fall/PSADs
▪ One's own view of being a user or non-user of a PSAD

Presentation of ten PSADs
▪ An emergency button;
▪ A watch;
▪ A house emergency call combined with an alert bracelet or necklace;
▪ A mobile phone with speed dial buttons;
▪ A senior-friendly telephone combined with an alert bracelet or necklace;
▪ A sensor mat for a chair and for the floor;
▪ A radio transmitter fall detector;
▪ An infrared sensor;
▪ A camera-based-system;
▪ A wearable fall detection sensor (prototype)

Second part: Topics addressed:
▪ Reasons for liking or disliking a PSAD
▪ Reasons for considering a device as helpful/pleasant or awkward/unpleasant
▪ Any additional thoughts regarding PSAD use and non-use

Short questionnaire on socio-demographics and technology use
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The first author (FJST) was responsible for data analysis. Steps 
seven to nine (Table 2) occurred iteratively until the phenome-
non was identified and a nuanced understanding of the themes 
grounded in the data was achieved. These steps were mainly 
carried out by the first author and continuously and critically dis-
cussed and reflected on with two senior researchers (SH, ML) ex-
perienced in qualitative research. Step ten of the QUAGOL was 
critically discussed and reflected on in the research team. Table 3 
shows a data trail of the themes developed according to the 
QUAGOL process. From step seven data management was sup-
ported by MAXQDA software (VERBI GmbH, Berlin, Germany; 
Version 12 and 2018).

3.7 | Rigour

Scientific rigor was ensured through a variety of techniques 
(Engward & Davis, 2015; Lincoln & Guba, 1985) such as memo 
writing, using a coding paradigm (see QUAGOL steps 6–8) and 
keeping a reflexive record of the decisions made during analysis. 
Weekly discussions of the analysis process (FJST, SH, ML) ensured 
that the emerging findings were credible, that the findings were 
grounded in the data and that a critical stance in the analysis and 
interpretation was maintained. Credibility and confirmability were 
enhanced by means of researcher triangulation (FJST, BH, CG) in 

the first six steps and by on-going debriefing throughout the en-
tire process.

4  | FINDINGS

4.1 | Participant characteristics

In total 32 community-dwelling persons, including 24 women, aged 
75–90 (mean 82) participated in the study. Eight participants had 
a history of falls in the prior 12 months and 12 participants some-
times experienced fear of falling. One participant was currently 
using a PSAD. Further characteristics are displayed in Table 4.

4.2 | Decision process on use versus non-use of a 
PSAD in daily life

The analysis identified an iterative decision-making process com-
prising an interplay of three core themes: “Critical Events”, “Ageing 
Self”, and “Perception of Technology”. Each of these themes were then 
further described using 3–6 subthemes, which were marked in bold 
and italicized in the text. This interplay illuminated the participants’ 
reasoning processes before they ultimately decided whether or not 
to use a PSAD in their daily life.

Methods
Focus group 
(FG) n = 6 Researchers

QUAGOL Steps 1–5 carried out independently: thorough 
(re)reading; narrative report; from narrative report to 
inductive developed conceptual topic scheme; fitting-
test of the topic scheme; constant comparison process, 
summary list of themes consolidated by mutual consensus

FG 1 to 6
FG 1–3–5
FG 2–4–6

FJST; BH; CG

QUAGOL Step 6: Summary list of themes -> discussion of 
inductively developed themes and consolidation by mutual 
consensus

FG 1 to 6 FJST, SH; ML

QUAGOL Steps 7–8: coding process using 
list of themes (back to the data); analysis 
of themes (meaning, dimensions & 
characteristics) and memo writing;

Supplemented by: open coding (questions 
to the text, verification of additional/
other inductive themes), and axial coding 
(matrix coding family comprising conditions, 
context, consequences and strategies to 
identify “the” phenomenon), consolidation 
by mutual consensus

Iteratively

QUAGOL step 9: extraction of the essential 
structure

Supplemented by: axial coding (as described 
above)

QUAGOL step 10: description of the findings FJST; SH; ML; 
JMGAS; 
RJGH

TA B L E  2   Data analysis and 
interpretation process
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TA B L E  3   Exemplarily data trail of themes developed according to the QUAGOL process

Method QUAGOL

See also description of Table 2 Examples (not comprehensive)

Preparation 
of Coding 
Process

Steps 1–5: narrative report 
of each FG, based upon 
inductively developed 
summary list of themes per FG

FG 2: choosing the right moment; influence of health professional and relatives; deciding oneself
FG 5: safety need; social network; being allowed to die; being reserved about technology
FG 6: perception of technology based on experience; positive and negative influence of relatives; criteria of the 

“right moment”

Actual Coding 
Process

Step 6: Consolidated list of 
themes of all six FGs

FG 1–6: “the” right moment; health status; safety need; relational status; technology experience; technology 
attitude; recognizing fall/risk of fall as a problem; device as “stigma of ageing”; the challenge of ageing; being 
allowed to die

Steps 7–8 (iteratively with 
step 9): coding process using 
the list of themes from step 
6 (FGs 1–6)

Health status
FG1/3−321
Participant (P) 5: I would say frailty.
Several Ps: mhm agreeing.
P3: well-being, health condition
P1: losing one's mind
P2: yes, yes
P1: suddenly, you have trouble knowing where you are.
Several Ps: mhm agreeing.
P4: dementia or something like that
P1: Alzheimer, yes
P4: In those cases, it (PSAD) would be very reasonable, for sure.
FG5/360
P2: I think there are days when you feel better, you can take a lot. Then there are days when you feel dizzy or unwell. 

Then you think: now you must do something. It depends on your [physical] form for the day. Then there are days 
when it goes great again, then I don't even think about something like that (PSAD).

Safety need
FG2/1,095−1,098
P2: So, somewhere the stamp is cancelled (image for: life is finite). Then you must go. I think we can't insure 

everything in our life, that's unfortunately the case.
P3: No, no.
P2: There is no hundred percent security either.
FG6/359−362
P1: Well, I’m going to say something nasty.
P4: Go ahead.
P1: Until you fall «on your face» for the first time. And then maybe your rethinking will come. Then, you say, I 

will feel safer when I have such a thing (PSAD) [so that] help comes quickly. It is very difficult to think oneself 
into another situation when someone is physically still very well off.

P4: Yes, it is individual.

The challenge of ageing
FG4/504
P3: Life is uncertain.
P1: Yes, Yes.
P3: You can't do everything…
P1: Yes, Yes.
P3: If you're just scared, it's not good.
Interviewer (I): Mhm
P1: Then he (a friend) said: watch out, don't think too much about that stuff (devices) otherwise you'll get the 

feeling that now, you need that (PSAD) too.
Several Ps: Mhm, yes.
I: that goes in the direction of that you prefer not to deal with it and you think nothing will happen to me?
Several Ps: Laughing, yes, yes.
P1: Well, but he said there are those who take it so seriously (…).
P3: A lot of things are simply very abstract, even growing old, suddenly you're 80 years old, but it's not quite so 

tangible. It seems to me that you just think a little too little about it.
FG3/388−393
P3: I have already experienced it myself, so my husband and I are still quite active. But then he had a back 

operation once and then the other one is looking out. But if the other one is also not well off at the same time, 
it will be bad. Then you notice how quickly you reach your limits. (...) It isn't a straight-line hike, what do you do 
then? Mostly it goes up again sometime, but the older you get, the more such situations happen. And when you 
have had something serious, then it doesn't get quite as good before anymore, it always leaves some effect.

P1: Yeah, you can't get back on your feet as before.
P3: Yes, exactly!
P1: You just stay a little bit behind of what has been before.
P2: yes, that's it!
P1: And it can suddenly go very fast.

(Continues)
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4.2.1 | Critical events

The participants mentioned that critical events, often situations re-
lated to safety issues in everyday life, caused them to reflect on their 
need for assistance and on PSAD use and non-use. Several critical 
events were highlighted: They reported that experienced and re-
ported falls of others, initiated thoughts about their own risk. Some 
of those falls had no health-related consequences, while others 
included severe injuries or were even fatal, as the person was not 
found immediately. Some participants intended to use a PSAD after 
a first fall, while others preferred to wait as long as possible:

I postpone it [use of PSAD] and I am very careful not 
to fall. (FG4/139/P2).

Participants felt that if someone lived with a partner without cog-
nitive impairments, or was in daily contact with another person, they 
did not need a PSAD, because they were looking out for one another. 
Living with another person was described as providing a feeling of 
safety and confidence and that, if required, mutual help would be pro-
vided. As soon as a partner was no longer present, they noted, the situ-
ation changed (loss of a close relationship) and they started to question 
their safety.

Concern of relatives was another critical event. Participants said 
that mostly their children suggested the use of a PSAD, because they 
were worried about the parent's safety. However, the participants 
emphasized that their children were more fearful about their safety 
than they themselves were. Thus, several added that they would use 
a PSAD for the sake of their children, because it represented a kind 
of reassurance for them. Nevertheless, relatives’ concern might not 
entirely legitimate its use:

I know a lady, whose children feel permanently stress, 
because she falls frequently. However, she refused to 

wear a (safety) watch. Her children gave her one; she 
put it on for several days and then she threw it away. 
(FG3/50/P3).

Interestingly, when thinking about who might use a PSAD, the 
participants consistently differentiated between older persons who 
were cognitively fit and in good physical health and those who were 
not (perceived deterioration of health). It seems that this distinction 
is crucial in establishing what would justify the use of a PSAD, for 
example, being cognitively impaired, or having physical health is-
sues, such as dizziness or frailty. Although participants mentioned 
this clear criterion of use, most of them underlined that their current 
physical and cognitive health did not yet require PSAD use. However, 
self-perception might contrast with an external view:

Just because I stagger a bit in the street - this is not a 
reason for such a device, I am too young, it is too early, 
even if I will turn 78 soon. (FG1/445/P1).

Furthermore, perceived deterioration of mobility, for example, insta-
bility or insecurity while walking, was mentioned by some of the par-
ticipants as another event which would make them, or already made 
them, reflect on their own safety. Physical limitation like a low level of 
mobility was considered a suitable reason for using a PSAD.

Most of the focus groups brought up the topic of dying. It was the 
only critical event explicitly mentioned as a possible reason for non-use 
(longing for death). They expressed a kind of serenity or fatalism regard-
ing their “remaining” life. Dying was characterized as a natural process 
of life; however, the discussions remained ambivalent. The participants 
emphasized, on the one hand, that suffering should be avoided:

If you have a broken leg, it's nicer to be rescued after 
2 hr than to lie in pain all day because you can't call 
anyone. (FG5/431/P1).

Method QUAGOL

Technology attitude
FG3/244
Everything that is so ‘highly technical’, I already have a kind of defense, an inner defense, yes.
FG5/91−97
P4: I would like to say that my husband came in the beginning (of the ‘computer age’), he is probably the oldest 

here, and when he stopped working, he said that a computer would never come into our house. He'd had it up 
to here. And I stuck to it for about eight years. Until I just felt like, no way, I don't want to be left behind.

I: Mhm
P4: I have fun and am interest in technical things.
I: Yes
P4: And, also considering that the family was not nearby, I had no help from them, I just got into (these technical 

things).

Step 9 (iteratively with steps 
7–8): extraction of the 
essential structure (FGs 1–6)

Figure 1: Legitimation process “The need to perceive its necessity”; Critical Events for Use and Non-use; Ageing 
Self; Perception of Technology; Decision

Step 10: description of the 
essential findings

See section results

TA B L E  3   (Continued)
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On the other hand, some insisted one had to accept one's death 
and that destiny should decide what will happen in the case of an 
emergency:

If it is necessary, I must endure pain. I have reached an 
age where dying is close…I don't want to live 20 more 
years. […] I have reached the age (for dying), without 
doubt! That's why, I am not impressed by those things 
(PSADs). (FG3/294/P1).

4.2.2 | Ageing self

The second core theme, the ageing self, was raised and intensively 
discussed by all participants. Interestingly, discussing PSAD use and 
non-use spontaneously evoked the topic of ageing across all focus 
groups. They emphasized that ageing is unavoidably linked to declin-
ing health and physical changes and that these can occur “out of the 
blue”. As a way of dealing with age-related changes, some avoided 
thinking about them, as if doing so might influence their emotions 
negatively. Additionally, not thinking about age-related changes 
might help to prevent them. Several participants were, however, con-
vinced that anticipating ageing would enable them to cope more ap-
propriately and that it might help them with living independently (e.g., 
with the use of a PSAD).

Although knowing that one should ideally use a PSAD before 
something happened, most participants admitted thinking:

Well, basically you would need it [PSAD] before it 
happens [fall or emergency]. But, you think: I still have 
time. (FG6/303/P3).

This moment of PSAD use is ideally situated in the future as it is 
linked to the moment of requiring assistance, which is attached to the 
transition from a person “growing older” to one “being old” (becoming a 
person requiring assistance):

Well, I guess that the feeling at the back of one's mind 
is: as soon as I use a [PSAD] device, I perceive myself 
as already old. (FG4/156/P4).

The transition towards becoming a person requiring assistance 
seems to evoke changes in self-perception and challenge the person to 
re-define themselves (re-defining the self). Using a PSAD was discussed 
as transitioning from being independent to becoming dependent. It 
seems to be a considerable step to admit to oneself that one requires 
assistance and is old:

I knew a lady, she was already 80 years old and she 
always travelled with a “normal” train ticket. I said to 
her: why aren't you buying a (cheaper) train ticket for 
seniors? She replied: well, the train conductor doesn't 
need to know that I am that old! (FG1/865/P2).

TA B L E  4   Participant characteristics (N = 32)

Characteristics
Participants 
(N = 31a )

Age (years), mean (SD; min-max) 82 (4.25; 75–90)

Abbreviations: SD, standard deviation; min, minimum; max, 
maximum

n (%)

Gender

Female 24 (77.4)

Male 7 (22.6)

Overall health

Rather good 10 (32.3)

Good 20 (64.5)

No answer 1 (3.2)

History of fall(s) in the last 12 months

Once 6 (19.4)

Twice 1 (3.2)

Three times or more 1 (3.2)

No 22 (71)

No answer 1 (3.2)

Experiencing fear of falling

Sometimes 12 (38.7)

No 18 (58.1)

No answer 1 (3.2)

Experiencing instability while walking

Sometimes 15 (48.4)

No 16 (51.6)

Walking aid usage

No 27 (87.1)

Yes 4 (12.9)

Household situation

Living alone 15 (48.4)

Living with another person 16 (51.6)

Household size

Living in a house 7 (21.9)

Living in an apartment 24 (77.4)

Assistance in daily living

Cleaning 21 (70)

Washing clothes 1 (3.3)

Shopping 1 (3.3)

Transport 4 (13.3)

Medication 2 (6.5)

Usage of electronic devices/ Internet

Smartphone use 7 (22.6)

iPad/Tablet use 6 (19.4)

Laptop use 8 (25.8)

PC/Computer use 13 (41.9)

Mobile phone use 10 (32.3)

Internet use at home 21 (67.7)

aOne participant did not fill in the questionnaire. 
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4.2.3 | Perception of technology

Technology yielded the third core theme. Our analysis revealed that 
the process of deciding whether or not to use a PSAD can be in-
fluenced by an individual's perception of technology. Many of the 
participants described themselves and their generation as being 
strangers in the world of today's technologies. Consequently, they 
felt disconnected and sometimes socially excluded, particularly 
when they read phrases like “further information is available online”. 
Some participants reported feeling overwhelmed and experiencing 
fear and negative emotions, as in:

I don't want to admit that I have no clue about […] 
the new technologies anymore. Because I was never 
a fool (laughing) and now I realize that the others are 
better than me and I must admit that I’m a fool in the 
context of new technologies. (FG1/813/P5).

Participants who used digital devices frequently, however, experi-
enced it as being life-facilitating, especially when communicating with 
their children and grandchildren.

I often text with my grandchildren. And now we have 
a son who is in Asia for four years. I’ve also learned to 
skype. (FG6/87/P5).

Their experiences were closely linked to their attitudes towards 
new technology. Several participants felt favourable towards technol-
ogy, since it could make life more interesting. Others described them-
selves as having negative attitudes towards technology. For example, 
they depicted themselves as being suspicious, in opposition to or being 
against technology.

Furthermore, device characteristics were key to their percep-
tion of technology. Most of the participants emphasized that a 
PSAD should be nice to look at and feel. Wearing a device on the 
body is highly attractive, as it is easily “accessible” for use and can 
be hidden. A panoply of devices should be on offer and should 
take into consideration age-related changes such as impaired 
sight, hearing and motor skills, as well as reduced reaction time 
and learning speed. Additionally, the range of reliable alert trans-
mission should include both indoors and outdoors, to maintain 
mobility. The most crucial device characteristic, however, was its 
ease of use. This was summarized as being able to manipulate a 
PSAD without thinking, as falling induces stress, which often hin-
ders clear thinking.

Finally, the alerting process and the person who comes to give 
assistance should be clearly defined; health professionals were ex-
plicitly preferred as contact persons, as they are available 24 hr 
a day and trained for emergencies. The feeling of safety can be 
supported by personal voice contact when an alert is triggered. 
Another important PSAD-related characteristic was how and 

F I G U R E  1   Descriptive model of the legitimation process of the use or non-use of a PSAD

Critical Events for Use and Non-Use, e.g.

Experienced and reported fall(s)

Loss of a close relationship

Concern of relatives

Perceived deterioration of health

Perceived deterioration of mobility

Longing for death

Ageing Self

Dealing with age related changes

Becoming a person requiring 

assistance

Re-defining the self

Perception of Technology
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Shaped by device characteristics
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where to find an overview of available PSADs, along with re-
lated “neutral” information about their strengths and limitations 
(e.g. tested by health professionals). Most participants were un-
sure as to where to access PSADs and obtain information. They 
would prefer to touch, test, play with, and receive advice about the 
most suitable model for their individual needs and requirements 
(e.g. relatives, neighbours, or housing). Becoming familiar with the 
available devices in a non-binding way would support the deci-
sion-making process.

4.3 | PSAD use and non-use—a decision process 
requiring legitimation

Based on our data analysis, a decision process regarding PSAD use and 
non-use in daily life was identified that comprised the interplay of the 
three core themes: Critical Events, Ageing Self, and Perception of Technology. 
Furthermore, the study revealed that this decision process required an addi-
tional aspect which was called “legitimation”. Participants needed to perceive 
the necessity of using a PSAD, as illustrated in the following statement:

It is clear for me. As soon as [a PSAD] is necessary for 
me and as soon as I get the feeling that, yes, some-
thing might happen and nobody would notice me, 
well, I would buy such a watch. But, still, I really don't 
perceive its necessity. (FG3/83/P2).

Thus, this decision process can be termed a “Legitimation Process”, 
which is initiated by a critical event compelling the older person to re-
flect on their perceived safety, on their need for assistance and the 
right moment to start using a PSAD in daily life. During the legitima-
tion process the older person weighs up their ‘Ageing Self’ and their 
‘Perception of Technology’ as summarized in Figure 1.

5  | DISCUSSION

This study focused on the reasons, thoughts, motives, and factors 
influencing the use and non-use of PSADs in daily life from the 
perspective of community-dwelling older persons. The findings re-
vealed that the decision to use or not use a PSAD is the result of a 
legitimation process which involves an interplay of the ageing self, 
e.g. dealing with age-related changes and the person's perception of 
technology, e.g. their technology experience. The legitimation pro-
cess is initiated by a critical event, which causes the person to reflect 
on her/his own safety and a possible need for assistance. This pro-
cess leads the older person to a decision about PSAD use or non-use. 
As time goes on, depending on new critical events, another cycle of 
the legitimation process may be re-initiated.

The process was labelled a legitimation process, as the use of 
a PSAD requires reasons to support its perceived necessity. As 
long as this necessity is not perceived by the older person, s/he 
will decide on “not-yet use” or non-use. It can be argued that the 

device is not yet appropriate, unlike for others who are in poorer 
health or in unsafe living situations. This finding concurs with the 
literature: older persons, in general, appreciate technology, but 
are convinced that current users are older persons and that they 
are not yet “that old” (Holender et al., 2018). It seems that par-
ticipants implicitly postponed the initial usage of a PSAD, so that 
they could transition as late as possible into this group of “really 
frail and dependent” older persons. This observation has import-
ant implications for nursing practice. Older persons want to stay in 
control and thus influence the decision of PSAD acceptance or re-
jection. Nurses need to involve older persons in the decision-mak-
ing, provide PSADs information about (dis-)advantages and usage, 
adapted to the individual living context and accord time for the 
decision.

The findings suggest that a critical event where the individ-
ual experienced feelings of insecurity and/or helplessness is re-
quired to initiate the legitimation process for using a PSAD. A fall 
is often followed by fear of falling, which may in turn lead to a 
need for support (De San Miguel et al., 2015; Trotman & Morriss-
Roberts, 2016). This finding suggests that nurses should systemat-
ically assess critical events, to evaluate the possibility for initiation 
of PSAD usage.

Surprisingly, the concern expressed by relatives could be described 
as an ambiguous critical event. Relatives might facilitate PSAD use, 
but this study revealed that such concern may lead to ambivalence 
among older persons. Some decide to put relatives’ minds at ease by 
starting to use a device, which is in line with the findings of Stokke 
(2016). However, our study also revealed that relatives’ concern is not 
automatically related to regular PSAD use and can even turn into non-
use. Recent research suggests that children, being driven by worry, 
try to convince their parents to purchase and use technology, which 
can make older persons feel coerced (Luijkx et al., 2015). Therefore, 
it could be argued that although relatives tend to promote PSAD use, 
they can also be a reason for its non-use. This contradiction might be 
explained by the legitimation process elucidated by our study: an older 
person needs to personally legitimise PSAD use and perceive its ne-
cessity before deciding to own one. Thus, the study extends current 
knowledge by suggesting that although relatives may play a crucial role 
in the acquisition of a PSAD, they might also be a reason for its non-
use. Further research should shed more light on this promoting and 
hindering influence of relatives.

The topic of longing for death emerged, somewhat curiously, in 
the discussion on PSAD use and non-use. It is hardly unexpected 
that people in their eighties ruminate on dying. What is surprising is 
that long lies and increased morbidity after a fall seem to be blanked 
out and replaced by the notion that “a fall is fatal”. This finding could 
be interpreted as an indication that older persons lack knowledge 
about long lies and their consequences, as well as about the function 
of a PSAD in this situation. Prior research reveals that older persons 
have difficulty accessing PSADs (Stokke, 2016) and thus might have 
idiosyncratic or partly incorrect assumptions regarding PSADs. This 
finding implies that nurses should provide appropriate information 
regarding falls, fall consequences, and what the added value of a 
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PSAD can be, enabling their older clients to take an informed deci-
sion on whether to use a PSAD.

Another pivotal finding was the strong need to perceive the 
necessity of using a PSAD, before deciding to use it. This is con-
sistent with previous research on assistive technologies (Chen & 
Chan, 2011; De San Miguel et al., 2015; Peek et al., 2014). Since 
technology acceptance in older persons remains a challenge (Schulz 
et al., 2015), it seems important to ask what perceived necessity 
might signify from the perspective of PSAD users themselves. The 
ageing self was a dominant topic in the focus groups; therefore, 
the findings suggest that PSAD use and ageing are closely related. 
The literature describes the process of ageing as partly dealing 
with the maintenance of a sense of self, which can be affected by 
apparently ‘superficial’ events, such as giving up a driver's license 
or other long-standing activities (Lloyd et al., 2014). As striving for 
independence and maintaining control over one's life is central to 
older persons’ selfhood (Hale et al., 2010), it is conceivable that a 
PSAD evokes similar losses in the self-concept of older persons. 
Consequently, the core influencing factor concerning PSAD use 
does not seem to be technology, but, instead the process of age-
ing and the older person's perception and attitude towards ageing. 
Additionally, participants clearly differentiated between older per-
sons who are cognitively and physically fit and those who are not. 
This implies that those who are not fit are the ones who should use 
a PSAD. It could be further deduced that the participants equated 
PSAD use with “becoming-a-dependent-person”, substantiating 
previous findings, where persons in their eighties described the use 
of a walker, cane, or wheelchair as “crossing a boundary into old 
age” (Heikkinen, 2000). These key insights imply that a PSAD can-
not be considered a “simple” gadget in the everyday life of commu-
nity-dwelling older persons.

5.1 | Limitations

Some limitations should be considered when interpreting the find-
ings. One might be the purposeful and snowball sampling method. 
However, data collection and analysis supported data saturation, 
which equates with rich and thick data (Fusch & Ness, 2015). Themes 
were confirmed across all focus groups. Additionally, conducting 
six focus groups is considered sufficient to generate adequate and 
saturated data (Jayasekara, 2012), which can be confirmed by the re-
search team. Since community-dwelling older persons are difficult to 
recruit, no strategy to maximise the sample variation within a focus 
group was used.

PSADs are particularly useful for fall incidents, as rapid as-
sistance can prevent or shorten long lies. However, PSADs can 
also be used in other emergency situations, such as acute pain 
or discomfort, or in cases of threat. When interpreting the find-
ings, it should be considered that the participants were intro-
duced to example of fall incidents, but the PSADs presented were 
also deployable for other emergency situations. Moreover, it is 

possible that Swiss attitudes to topics like ageing, technology and 
dying might differ from those in other European, Asian or North 
American countries.

6  | CONCLUSION

The study suggests that the initial use of a PSAD represents a 
turning point in life. This turning point is activated by a critical 
event, such as a fall, by concerned relatives or other persons and 
by declining health or decreased mobility. Using a PSAD in every-
day life is not simply a matter of obtaining a device. It is a complex 
process entailing the perception of necessity, which is interwoven 
with notions of individual ageing, self-perceptions, and the mean-
ings attributed to the device. Our description of the legitimation 
process provides an in-depth understanding of a long and itera-
tive process that allows older persons themselves to accept (or 
reject) the use of a PSAD. Knowledge about the legitimation pro-
cess can be used, e.g., in the communication with older persons, 
to help reflect on their thoughts, fears and questions regarding 
PSADs. In addition, this knowledge can be applied to develop tar-
geted interventions aimed at enabling older persons to take an 
informed decision regarding PSAD use.

Additionally, the findings extend current knowledge by re-
vealing that older persons need to be empowered in such a way 
that they perceive using a PSAD as a means to restore their frailty 
balance, (re)gain control over their own life and preserve their in-
dependence. In this, it is important that nurses clarify the indi-
vidual advantages of using a PSAD in daily life and explain how 
and in what situations safe living and perceived independence are 
supported.

Furthermore, older persons require information regarding the 
types and functioning of PSADs, as well as where to access them 
and how to integrate them into daily life. This is important in en-
abling them to make informed decisions either for or against PSAD 
use. Using a PSAD has the potential to support ageing in place, 
despite illness or functional decline. Further research might inves-
tigate which interventions are effective in supporting the legiti-
mation process.
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To explore relatives’, community nurses’ and general practitioners’ perspectives and experiences in promot-
ing Personal Safety Alerting Device (PSAD) use among community-dwelling older adults, we applied a quali-
tative study design. Altogether 15 focus groups and 11 semi-structured interviews were conducted. Data-
analysis followed the Qualitative Analysis Guide of Leuven. PSAD use was considered to be complex. Relatives
and health care professionals are involved in a negotiation process comprising three phases: A) waiting for a
critical event in the older adult’s everyday life; B) introducing the idea of a PSAD; C) deciding on and support-
ing PSAD use. In conclusion, the actors involved in PSAD use should be aware of the negotiation process,
which is complex, dynamic, iterative and needs time. While nurses play a crucial role, they lack sufficient
knowledge for comprehensive PSAD counselling. The negotiation process could serve as an example for other
technologies in the context of aging in place.
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Introduction

Aging societies are a common issue on political and health care
agendas across the globe.1 Currently, one focus is on ‘aging in place’
which promotes the wellbeing of aging societies and refers to
enabling older adults to live as independent, safe and socially inte-
grated persons in their accustomed home in the community.2 A
majority of older adults prefer aging in place to institutionalized
living.3,4 Furthermore, international estimates indicate that indepen-
dent living costs can be lower than the cost of institutional living.5

Assistive technologies may significantly contribute to successful
aging in place.6 They may assist older adults in issues of mobility,
physical and mental health, safety, social connectedness as well as in
daily activities.6,7 The current non-use of assistive technologies in
community-dwelling older adults is a major concern,8,9 as it can
ensure safe aging in place. Particularly emergency situations like falls
illustrate how the use of technology can lead to increasing safety and
reducing harmful consequences in older adults. Between 25% - 35% of
persons aged 65 and older experience at least one fall per year.10

Being unable to get up after a fall and thus enduring a ‘long lie’,
defined as lying on the floor/ground for longer than one hour,11 can
compromise the health and well-being of older adults, and can also
lead to long-term care admission.12,13 Therefore, Personal Safety
Alerting Devices (PSADs) could be considered a pivotal technology
for aging in place, to facilitate communication 7 and to get rapid assis-
tance, e.g. after a fall.14,15

Despite well-documented advantages, community-dwelling older
adults are often reluctant to use PSADs.16,17 Research investigating
the perspective of older adults has revealed that their technology
acceptance can be positively influenced by relatives and health pro-
fessionals.18�20 Despite this, research has focused on older adults’
acceptance of different types of technologies for aging in place 9,14

and from a nursing perspective,21 but not on the antecedents of PSAD
use or non-use from a multi perspective approach. However, the per-
spectives of relatives, community nurses and general practitioners
(GPs) regarding PSAD use and non-use in community-dwelling older
adults is crucial; they are actively involved in aging in place and close
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to older adults, supporting their safety and serving as contact persons
in case of an emergency when a PSAD is activated. In addition, recent
research suggests that understanding technology acceptance requires
knowledge about all those involved in its use.15,22,23 It is pivotal to
answer the ‘why, when and how’ of technology use 22,24 instead of
considering assistive technologies as black boxes that can be inte-
grated in daily life without modifying practices or routines.15 Explor-
ing the perspectives of relatives, community nurses and GPs enables
us to understand their experiences, perceptions and involvement in
PSAD use or non-use in community-dwelling older adults. In this
research, the following research questions were addressed:

1. What are the reasons for PSAD use or non-use among community-
dwelling older adults according to relatives, community nurses
and GPs?

2. In what situations are PSADs used or not used by community-
dwelling older adults according to relatives, community nurses
and GPs?

3. What is the involvement of relatives, community nurses and GPs
in the use or non-use of PSADs?
Methods

A qualitative descriptive research design was applied,25 using focus
groups (relatives and community nurses) and semi-structured interviews
(general practitioners),26 to uncover and explore rationales for behavior
and the involvement of relatives, community nurses and GPs related to
PSAD use and non-use among community-dwelling older adults.

Sampling and recruitment

Using a combined purposeful and snowball sampling strategy, rela-
tives, community nurses and GPs who care for community-dwelling
older adults in two Swiss cantons were invited to participate in this
study. The inclusion criteria were: 1) relatives: daughter / son / spouse of
a community-dwelling person aged 70 or older; 2) community nurses
(RNs): working for a community care service provider, with at least one-
year professional experience in caring for older adults; 3) GPs: working
with one-year minimum professional experience caring for older adults.
The recruitment strategies are displayed in Table 1.
Data collection

Data were collected between February and December 2017: Six
focus groups with relatives (4�7 participants each) with an average
duration of 108 minutes (min-max 87�120), nine focus groups with
community nurses (3�5 participants each) with an average duration
of 93 minutes (min-max 80�108) and eleven interviews with GPs
with an average duration of 58 minutes (min-max 50�85) were con-
ducted.
Table 1
Recruitment strategies.

Recruitment strategies � p

Relatives Community N

Study adverti

Flyer (n = 770) distribution:
& Public institutions, e.g. for the education of health professionals
& Faculty members (not part of the research team,

nor in project collaboration)
& Physiotherapists
& Fitness centers

& Short art
magazin

Flyer distrib
& 42 comm

randoml
and nurs
(email an
After the focus groups/interviews, the participants were asked to
complete a short questionnaire on socio-demographics and their
experience with PSADs (use).

The site of data collection was at the Institute of Nursing Science (rel-
atives), at the organization of the community nurses and at the medical
practice. All focus groups and interviews were audio-recorded.
Focus group and semi-structured interview

All focus groups were moderated, and all interviews conducted by
the first author, who is experienced in qualitative interviewing and has
a professional background in nursing. The focus groups with relatives
and two with community nurses were attended by a research assistant
for administrative tasks and support with the PSAD presentation. A
semi-structured interview-guide with open-ended questions (Table 2)
developed by the research team, based on the literature presented in
the background and the researchers’ expertise, was utilized to moder-
ate the focus groups and conduct the interviews.

In the second part of the focus group and interview ten PSADs were
presented to the participants to: (i) provide the same information on
PSAD diversity, use and function, (ii) to stimulate the discussion based on
real devices and (iii) to better understand opportunities and challenges of
PSADs and technical aspects possibly influencing use and non-use.

The first author reflected on each focus group/interview and took
written notes regarding the course of the discussion/s and recurrent/
conflicting/surprising/new themes in order to maintain a reflective
stance and to incorporate insights into the subsequent data collection.
Data analysis

All focus groups and interviews (= 26 cases) were fully transcribed
verbatim, using the software program f4�. The analysis was an itera-
tive team process. The research team included members with differ-
ent professional backgrounds, i.e. nursing, gerontology and
psychology. The researchers met regularly to discuss the analysis
across the different coding cycles. Any discrepancies were discussed
until consensus was reached.

The data were analyzed following the ten stages of the Qualitative
Analysis Guide of Leuven (QUAGOL).27 QUAGOL comprises two main
processes, a Preparation of Coding Process and the Actual Coding Pro-
cess. Each process consists of five stages. However, although the pro-
cesses are described as linear in the literature, the actual analysis is
an iterative process, where the different stages are not necessarily
distinct, but may overlap. The QUAGOL framework enabled the
researchers to become deeply familiar with the data prior to com-
mencing any systematic coding. It also encouraged the researchers to
move stepwise from the concrete interview data towards an increas-
ing level of abstraction during the course of the analysis.

Initially, the researchers familiarized themselves with the data
thorough (re-) reading of the interviews (stage 1). Following the
otential participants

urses General Practitioners

sing via:

icle in specialized national
e
ution:
unity care service providers
y selected from public list
e manager contacted
d telephone)

& Professional association of family physicians
informed members via email

& GPs from one city and its environs contacted
via telephone and email (pragmatic choice)



Table 2
Semi-structured interview-guide for focus groups and interviews.

First part Specified questions for:

Relatives & Tell me about your experience with the topic of falls. (introductory question)
& Tell me about how you are dealing with the following situations: your mother/

father/ husband/ wife a) needs, b) is using, c) should in your opinion use a PSAD?
& Tell me about your experience regarding PSAD use and non-use.

Community nurses & Tell me about your activities and tasks in the context of falls. (introductory question)
& Tell me about your experiences, activities and tasks in the context of PSADs use

and non-use in community-dwelling older persons.
& What challenges of PSAD use or non-use are you encountering?
& What is your own everyday experience with technology at work?

General Practitioners & Tell me about your activities and tasks regarding safety in patients 70+ years of age living
at home. (introductory question 1)

& Tell me about the significance you attribute to the topic of falls in older patients in your
own practice. (introductory question 2)

& Which health professionals are involved (in your own experience) in the topic of falls?
& What is your own everyday experience with technology at work?
& Tell me about your experience regarding PSAD use and non-use.
& What challenges of PSAD use or non-use are you encountering?

Presentation of ten PSADs
(all devices available on the national
market at that time, in order not
to favor any device, plus one prototype)

& An emergency button;
& An emergency watch;
& A house emergency call combined with an alert bracelet or necklace;
& A mobile phone with speed dial buttons;
& A senior-friendly telephone combined with an alert bracelet or necklace;
& A sensor mat for a chair and for the floor;
& A radio transmitter fall detector;
& An infrared sensor;
& A camera-based-system;
& A wearable fall detection sensor (prototype)

Second part Questions addressed in all focus groups and interviews:
All & What are advantages and opportunities in using PSADs?

& What are disadvantages and challenges in using PSADs?
& What additional thoughts and issues do you have that we haven’t yet addressed?
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reading, two researchers individually produced a narrative storyline
of each interview, which were compared and discussed in team
meetings (stage 2). During this stage, the team focused on gaining an
initial understanding of the particular content of the stories as they
were told from the perspectives of the relatives, community nurses
and GPs. In stage 3, the researchers discussed the story lines and the
analysis proceeded from the concrete, interview, storyline level to a
more abstract concept level. The emerging concepts were then orga-
nized into a first, tentative coding scheme. This coding scheme was
subsequently applied, tested, refined in five iterative coding cycles of
open and focused coding.28 The codes were compared within and
across the cases. Data were linked to codes, and the coding was dis-
cussed. The coding scheme was thus successively adapted and
refined into a final coding scheme (stages 4-7). The continued discus-
sion ensured a good fit between the codes and the data. The final cod-
ing scheme was applied to all 26 cases.

Throughout all analysis stages, memos containing questions or
comments regarding the development of the coding scheme were
written and discussed during team meetings.

To deepen the level of abstraction, the codes were merged to cate-
gories and subcategories. The characteristics of categories and subca-
tegories were described, and the descriptions compared within and
among the categories and subcategories to ensure there was no over-
lap in meaning. The descriptions were also compared to the original
interview data. The comparison and review of original data and the
coding enabled the researchers to identify the relationships between
the categories and subcategories (stages 8�10). This review and com-
parison at an abstract level lead to a model describing the negotiation
process about the use of the PSAD from perspectives of relatives,
community nurses and GPs (Fig. 1).

A research diary was kept during the whole analysis and interpre-
tation process, in order to keep a reflexive record of decisions made
and trace emerging thoughts and questions, as well as to ensure the
grounding of the findings in the data. Data management was
supported by MAXQDA software (VERBI GmbH, Berlin, Germany;
Version 12 and 2018).

The study’s scientific rigor was ensured through a variety of tech-
niques. The iterative analysis, stepwise move towards abstraction,
and regular discussions of interpretations in the research team
strengthened the criticality and integrity of the analysis.29 The
research diary, memos and the parallel analysis process of two coders
ensured that the findings reflect the participants’ experience and are
grounded in the data.29 Since the transferability of all qualitative
research is limited,30 we described the setting and sample precisely
and illustrated our findings with quotes from the interviews.
Ethical consideration

The study was conducted in compliance with Swiss national, legal
and regulatory requirements. A cantonal ethics committee confirmed
that the Swiss Federal Act on Research Involving Humans did not
apply to the research project. Written and verbal informed consent
was obtained prior to study participation. Personal data were de-
identified in the transcripts.
Findings

Participant characteristics

Fifteen focus groups and 11 semi-structured interviews were con-
ducted. A total of 78 persons participated: 33 relatives (24 daughters,
8 sons, 1 husband) with an average age of 55 years; 34 community
nurses with on average 19 years of experience; 11 GPs with on aver-
age 29 years of experience. PSAD experience differed among the par-
ticipants: 14 relatives, 18 community nurses and six GPs indicated
experience with using a PSAD in the care of an older adult. Further
characteristics are displayed in Tables 3 and 4.



Fig. 1. Descriptive model of the negotiation process.

Table 3
Characteristics of study participants � relatives.

N (%) Mean Range

Relatives (N=33)
Age 55.2 (31 � 72)
Female 24 (72.7)
For whom is the PSAD in your family?

Father 14 (42.4)
Mother 21 (63.3)
Wife 1 (3.0)
Mother-in-law 1 (3.0)
Aunt 2 (6.0)

Is ‘the older person’ already using
a PSAD? � yes

7 (21.2)

Do you have experience with
PSADs? � yes

14 (42.4)

Do you think ‘the older person’
will use a PSAD?
Yes 18 (54.5)
No 13 (39.4)
Don’t know 2 (6.1)

Did ‘your’ older person fall in the last
12 months?
Yes 18 (54.5)
No 11 (33.3)
I don’t know 4 (12.1)

Do you think that ‘your’ older person
is unstable while walking?
Yes 11 (33.3)
No 9 (27.3)
Sometimes 13 (39.4)

Does ‘your’ older person use
a walking aid?
Yes 6 (18.2)
No 24 (72.7)
I don’t know 3 (9.1)

Do you fear that ‘your’ older person
might fall?
Yes 11 (33.3)
Sometimes 13 (39.4)
No 9 (37.3)
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A negotiation process

PSAD use was considered to be complex. Relatives, community
nurses and GPs were often involved in a relatively long negotiation
process with older adults (Fig. 1).

In this process, whereas the relatives, community nurses and GPs
perceive a safety issue and thus a need to protect the older adult by
suggesting a PSAD, they described how this suggestion is often expe-
rienced as a threat to the older adult’s independence. The negotiation
process therefore requires balancing care versus independence.
Three phases were distinguished: A) Waiting for a critical event in
the older adult’s everyday life; B) Introducing the idea of a PSAD; and
C) Deciding on and supporting PSAD use. These phases are character-
ized by subthemes marked below in bold and italics.

Phase A) Waiting for a critical event

Relatives, community nurses and GPs typically reported that the
negotiation process was initiated because of their concern for the
safety of the older adult. This safety concern was often related to a
pivotal psychological, physical and/or social event that opened a win-
dow of opportunity to discuss the need for a PSAD. A psychological
event is an incident, often after a fall, which involves feeling helpless,
needing assistance, or experiencing anxiety or fear of falling. A deteri-
oration of mobility and health, e.g. gait instability or dizziness, is
referred to as a physical event, while the term social event describes,
e.g., the situation in which an older adult falls or experiences an
emergency, but the event goes unnoticed because of a lack of social
contacts or because frail partners cannot assist each other.

Phase B) Introducing the idea of a PSAD

In taking advantage of a critical event, relatives, community
nurses and GPs shared the same experience: talking about PSAD use
involved surprisingly confrontational discussions, especially when



Table 4
Characteristics of study participants � community nurses and general practitioners (GPs).

Community Nurses (N = 34) GP (N = 11)

Characteristics N (%) Mean Range N (%) Mean Range

Age 43.5 23�60 59.1 44-74
Female 32 (94.1) 1 (9.1)
Professional Education (n = 32)
RN with vocational training 30 (93.8)
RN with University degree BScN 2 (5.9)
Professional experience as Registered Nurse (years) 19.1 0.3�40.0
Professional experience as Medical Doctor (years) (n=10) 28.5 9-50
Working experience in current position (years) 6.4 0.3�29.0 17.1 0.6-35
Do you have experience with PSADs? Yes 18 (52.9) 6 (54.5)

(N = 10)
What kind of PSADs have you already ‘used’ in patient care?
Manual emergency button 25 (73.5) 9 (81.8)
Manual emergency necklace 19 (55.9) 2 (18.2)
Watch with voice speakerphone and GPS 19 (55.9) 6 (54.5)
Mobile 9 (26.5) 3 (27.3)
Sensor mats 5 (14.7) 6 (54.5)
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relatives made the older adults aware of their aging process (Becom-
ing aware: older adults’ challenge of aging). While the participants
suggested the use of a PSAD increase safety of the older adult, the
older adult often first denied such a need and felt that a PSAD would
undermine his/her independence:

“In the case of my parents, the (PSAD) was a long process of rais-
ing awareness. We can fully understand you, they told us: But
why are you (children) intruding into our life? We’ve managed it
until now and that will continue” (Relative (R)-FG6-60).

Relatives said they often felt challenged by encountering conflictive
discussions with their parent/s, who often do not share their children’s
safety concerns. Likewise, community nurses and GPs reported often
encountering these conflicting views concerning safety and ability to
manage everyday life (realities drifting apart). GPs explained these dif-
ferent realities by noting that the home environment has for decades
been a place for older adults to feel safe, contrary to the perception of
relatives. Community nurses agreed that the PSAD opens up a discus-
sion not solely about using a device, but also about becoming a person
requiring assistance, citing a client who said:

“First of all, I’m healthy, I’m fit as a fiddle, I’m not old, even if I am
98. Why should I fall, what are you suggesting? You (the nurse)
want to disable me, you are going to make me dependent” (Com-
munity nurses (N)-FG4-195).

Relatives, community nurses and GPs had experienced older
adults concealing falls or fall consequences because they feared
receiving more support/assistance at home or relatives pushing for
institutionalization. Some relatives critically reflected that although
it would be sensible to use a PSAD, they observed that the PSAD trig-
gers complex feelings of loss:

“It looks simple and common-sense from the outside, not limiting
at all, but, in the older adult it causes melancholy. Simply realizing
that they are no longer at the wheel (in charge of one’s life) . . . I
believe that is the resistance (to the PSAD)” (R-FG3-54).

GPs recognized this observation, namely the feeling of losing control.
From their perspective this loss is underlined by the fact that PSAD use
often reveals unclarity about the alerting process (e.g. Does it work?Who
will answer?) andwhat might happen afterwards (e.g. hospitalization).
The focus groups/interviews revealed that talking about PSADs
may also signify encountering mortality. Relatives, community
nurses and GPs agreed that older adults frequently express a strong
wish to live at home until death. This strong wish seems to explain
why they might conclude that a PSAD is unnecessary: first, a PSAD is
directly connected with a hospital, a place where life is artificially
prolonged, and, second, a hospital stay might be a possible gateway
to a long-term care institution. Additionally, particularly community
nurses and GPs added, older adults frequently believe - or want to
believe � that a fall is fatal.

“I had several patients who told me: I don’t like it (a PSAD) I would
like to die in my apartment. If I should fall and it’s the end, that’s
just how it is. Therefore, I don’t want a button (PSAD). They told
me clearly about that” (N-FG9-197).

Relatives, community nurses and GPs brought up the topic of facili-
tating PSAD use, which takes time, often months. Mainly community
nurses underlined that establishing a personal relationship of mutual
trust is pivotal. This echoes the finding that community nurses and rela-
tives wait for the right situation to address the topic of PSADs, with rela-
tives choosing among siblings as to who can best address it. Addressing
the topic of PSADs was reportedly delicate for all participants, as it goes
hand in hand with the topic of falling. Relatives, community nurses and
GPs reported that older adults not only suffer from physical consequen-
ces, such as injuries, but that in their perception a fall is often recognized
as a clear sign of emerging frailty.

Community nurses and GPs addressed the topic of PSADs mostly
in the context of a critical event or as coming from a relative or the
older adult her-/himself. Additionally, the analysis revealed that
addressing the topic of PSADs also depends on the health professio-
nal’s perception, i.e. how relevant s/he considers the topic.

Addressing the topic of PSADs necessitates accessing the devices.
Relatives pointed out that they first have to acquire the relevant
knowledge themselves. They complain that access to PSADs is chal-
lenging and time-consuming, requiring internet searches, identifying
relevant institutions and talking to friends, colleagues or neighbors.
Relatives would welcome the possibility to look at, touch and test
various PSADs in a public health-care institution with their parent/s.

In contrast, the participating community nurses and GPs had access to
PSAD information and distributed contact details of providers and/or
information. Nevertheless, most delegated the examination and consider-
ation of PSADs to the older adult and/or their relatives. Only a few nurses
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said they provided additional information by comparing devices, sharing
experiences from other users, discussing advantages and drawbacks as
well as talking about costs. A majority mentioned that they would like to
havemore knowledge about PSADs, remarking that older adults and rela-
tives would like information from a neutral source such as themselves.
Some community nurses added a reason for advising in passing: there is
no financial reimbursement for such counselling services. GPs indicated
that PSAD advice is not their responsibility. However, most of them pro-
vided flyers on PSADs, which they received as publicity, in their waiting
room. A few GPs said they would like to have more knowledge about
PSADs, suggesting an online platform summarizing all providers and
information.
Phase C) Deciding on and supporting PSAD use

Relatives, community nurses and GPs discussed three types of
decision they are confronted with in older adults: no, not-yet and yes
(Deciding on PSAD use). Those decisions are valid at a particular point
in time, but need to be revisited and modified, depending on the tra-
jectory of the older adult’s life. Especially community nurses and GPs
highlighted that negative decisions should be accepted, and the ques-
tion of whether to use a PSAD should be re-initiated after a next criti-
cal event. Whereas some relatives thought that PSAD use could be
imposed upon their parent/s, others tried to convince them with
steady pressure, possibly with the help of health professionals. In
contrast, community nurses and GPs agreed that the decision should
be made by the older adult, because their independent decision also
increases the chances they will use a PSAD.

“They tend to use it if they can decide for themselves. I believe this
is really crucial.” (N-FG6-154).

Nevertheless, the health care professionals added that relatives
are frequently involved in the decision-making.

According to the relatives, community nurses and GPs, different
influencing factors affect the decision-making, namely, costs, social
pressure, the alerting process and PSAD characteristics. They pointed
out that costs are an important issue, because PSADs currently have
to be paid for by users (although in some cases social allowances are
possible). Particularly community nurses challenged this reason,
however. They viewed costs as a primary counterargument when the
older adult is not convinced a PSAD is necessary, observing that most
pensioners are too wealthy for social allowances or refuse to request
them. Similarly, GPs mentioned costs, arguing that health or social
insurance should bear the expenses of PSADs, because in the end
they save money by allowing therapies to be started earlier and hos-
pitalizations to be shortened or avoided.

Social pressure refers to the influence of the older adult’s social
network on PSAD use. Surprisingly, relatives, community nurses and
GPs attributed greater influence to others than to themselves. Rela-
tives might turn to nurses or to GPs to negotiate more successfully on
PSADs. Some community nurses were convinced that in particular
situations relatives or GPs might have a greater impact. GPs consid-
ered themselves to have only limited influence, less than community
nurses and relatives. Some relatives pleaded with their parent/s to
use a device for their sake. Others instead ‘imposed’ a deal:

“The deal is that she (mother) concedes us a certain peace of mind,
although she first disliked the watch (PSAD). We told her that this
is the price of her independence, which she accepted. (. . .) She
must also make concessions to us” (R-FG2-50).

Social pressure can also reverse acceptance, mainly when a PSAD
was obtained without the approval of the older adult, which is quite
commonly observed by community nurses and some GPs. Especially
community nurses often experienced older adults owning a PSAD
but not using it. In this case, it had often been supplied by a relative.

A further influencing factor was the alerting process, defined by
how (technical) and to whom (contact persons) the alert is transmit-
ted and how the contacted person will intervene. Several community
nurses and GPs were convinced that clarity about the alerting process
is a key to PSAD use.

“If you want to ensure that the PSAD is used, you have to make
clear to the patient that their preferences are considered. (. . .)
there should be no automatism for hospitalization. Because this is
often what they fear. The bottom line is that the patients must
know that activating an alert signifies that they will be helped,
but only in a way they prefer, accepting that it might be different.
I think this is key” (GP-I8-53).

The nurses emphasized that, in general, older adults want to have
a community nurse as a contact person, which is not yet widespread.
Furthermore, community nurses believe that being a contact person
and deciding on the next steps in an emergency might be overstep-
ping relatives’ right. GPs mentioned that older adults are often suspi-
cious of unknown people entering their home; therefore, relatives
should be part of the alerting process.

Relatives were particularly concerned with PSAD characteristics.
Beyond ease of use and aesthetic aspects of the device, e.g. color and
design, they emphasized, in agreement with community nurses and
GPs, that reliable alerting is crucial and should function in- and out-
doors. Thus, older adults would be more likely to use a PSAD.
Whereas nurses and GPs typically advocate a manually activated
alerting device, relatives prefer an automatic one, to cover situations
where consciousness is lost. Nurses and GPs argued for manual devi-
ces because this underpins the perception of independence and con-
trol for the older adult:

“Whether she/he pushes the button when she/he falls or tries to
get up for two hours, it is still her/his decision” (GP-I6-59).

If a PSAD is used, a post-decision stage called coaching and re-
evaluating PSAD use should follow. Relatives, community nurses and
GPs reported that, when a PSAD is chosen, the providing company
oversees installation of the device and explains how it works. Some
providers require the older adult to test the PSAD once a month,
while relatives reported that they acted as the contact person. The
involvement of community nurses during PSAD use was hardly dis-
cussed, some arguing that this is managed between the older adult
and the provider. Some community nurses reported that they moni-
tored everyday use, which might even be requested by relatives.
However, few nurses check on how regularly a PSAD is used or think
about how to improve everyday use. Several self-critically added that
they should not only focus on enabling PSAD use, but also on provid-
ing more coaching and re-evaluation of use. In the case of non-use,
community nurses and GPs said they would wait for another critical
event to re-initiate the negotiation process.
Discussion and recommendations

This study aimed to explore the perspectives of relatives, commu-
nity nurses and GPs on why and when PSADs are used by commu-
nity-dwelling older adults and on their involvement in PSAD use and
non-use. The findings revealed that PSAD use is the result of a negoti-
ation process between these participants and the older adult, com-
prising three major phases: A) waiting for a critical event in the older
adult’s everyday life; B) introducing the idea of a PSAD and C)
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deciding on and supporting PSAD use. Core to the negotiation process
is the balancing of care versus independence.

Overall, it is noteworthy that all participants agreed that sugges-
tions about using a PSAD are often perceived by older adults as a
threat to their independence. This reflects research describing that
independence and control over daily life are pivotal for older
adults.31,32 Furthermore, older adults might regard using a PSAD as
synonymous with a ‘declaration of frailty.’21 Becoming dependent on
others can be related to decreased well-being and feelings of help-
lessness.33 This finding suggests that in order to increase PSAD accep-
tance, community nurses and GPs should explain how a PSAD
supports independence by increasing safety, and elucidate a trans-
parent alerting process with the older adult to address the fear of
being hospitalized or institutionalized. This should promote a more
positive attitude to PSAD use.

Although it might be surprising, many older adults seem to regard
a PSAD as an invisible link between their home and an institution
(care home or hospital). As a consequence, they may perceive a threat
to their wish to die at home. This concern about not being able to die
at home is not unjustified however: until 2011 in Switzerland, some
80% of older adults died in a hospital or care home.34 Our findings
suggest that the conversation of health professionals about personal
safety and the use of a PSAD should include an in-depth discussion
about PSDA response chains in relation to personal wishes and needs
regarding hospitalization and institutionalization. Older adults have
to trust the response system and those involved. Thus, preferences
for interventions in an emergency, their preferred location for dying
and the meaning of ‘living as long as possible at home’ can be clarified
with the older adult and their relatives.

Our study offers a model with three iterative phases of negotiation to
explain why PSADs, which are advisable for improving safety, are infre-
quently used by older adults and how their use can be facilitated. Regard-
ing the phase A) Waiting for a critical event in the older adult’s
everyday life: Older adults are reported to be more motivated to use a
PSADwhen they have experienced a fall or related insecurity.9,16 This res-
onates with our findings by demonstrating that critical events are impor-
tant for choosing the right moment to address the use of PSAD.
Additionally, our findings provide valuable insights firstly by identifying
further critical events and secondly by suggesting that although a critical
event may occur, as long as the older adult does not perceive it as critical,
she/he will not use a PSAD. Therefore, relatives and health professionals
felt ‘constrained’ to wait for another window of opportunity. At first
glance, this finding seems difficult to explain, as a critical event may
mean physical and psychological suffering. However, a possible explana-
tion is that older adults perceive themselves as secure and independent
when living at home in the community;35 thus, experiencing insecurity
might be a prerequisite for PSAD use.

Regarding phase B) Introducing the idea of a PSAD: That relatives,
community nurses and GPs may all act as PSAD facilitators is consis-
tent with other study findings.9,15,20 Our study provides additional
insight by indicating that a trusting relationship is considered to be a
precondition. This is interesting, as a trusting healthcare profes-
sional-patient relationship is also acknowledged to be essential for
effective health counselling36 and related to more beneficial patient
health behaviors.37

Regarding relatives, our findings go beyond depicting a solely
facilitative role18 by showing that relatives can also affect PSAD use
negatively. Although our study indicates that relatives often play a
critical role in providing information and are involved in the deci-
sion-making process, health professionals mentioned that relatives
may exert pressure or provide a PSAD without consent, consequently
pushing older adults to refuse it. A possible negative influence on
technology use is described by Luijkx, Peek, Wouters,19 who found
that older adults may generally feel coerced by their children into
using technology. However, relatives may be driven by a sense of
duty.38 Therefore, it seems essential that relatives know the impor-
tance of critical events and their role in the negotiation process. They
should be enabled to use the right moments to (re-) initiate PSAD
negotiations as well as to balance their desire for care and security
with their parent’s desire to maintain independence in daily life. The
findings also suggest that community nurses and GPs should ques-
tion their practice of delegating the negotiation process to relatives.

Regarding phase C) Deciding on and supporting PSAD use: Our study
shows that particularly relatives and community nurses were involved in
the decision process. Surprisingly, all actors lacked knowledge and know-
how regarding PSADs, e.g. diversity, concrete use or advantages and dis-
advantages of a device. We argue that particularly community nurses
need to be aware of the negotiation process and have enough knowledge
to provide appropriate and comprehensive PSAD counselling, as their
professional role is to help individuals manage daily life and safe
living.39,40 Additionally, counselling is needed for older adults without
children, and information for relatives whose parent/s is/are not yet in
contact with community nurses of a community care service provider. It
is conceivable that a specialized community nurse might provide PSAD
counselling. This could be combined with the possibility to touch and test
PSADs, which we identified as being crucial for the decision process. GPs
might systematically assess critical events, provide first information and
refer to community nurses.

Strengths and limitations

A strength of this study is the reflexivity during data collection
and the inductive and deductive coding analysis process. Regarding
data collection, the first author critically reflected on the thematic
course of each interview and focus group in terms of similarities and
new insights and integrated them into the subsequent data collec-
tion. Thus, rich perspectives could be captured. A further strength is
the range of perspectives provided by three different types of partici-
pants. In addition, the research group was involved in the analysis
and interpretation of the findings.

A few limitations of this study should be considered when inter-
preting the findings. First, most of the focus groups with community
nurses were conducted with three participants, which could have led
to a lower thematic diversity in the discussions. It was not possible to
recruit community nurses outside of their working hours and com-
munity care services agreed to releasing only three nurses at a time.

Second, the purposeful and snowball sampling method might also be
considered a limitation. We recruited relatives through flyers in official
places such as pharmacies, fitness centers, etc., and via mail. We did not
directly approach potential participants. This method precluded us from
tracking the number of relatives invited and howmany refused to partici-
pate. The community nurses were recruited via community nurse care
managers. We approached 42 community care service providers, seven
agreed to participate. The community nursemanagers recruited 3-5 com-
munity nurses per provider. Since staff resources are scarce in the com-
munity, we abstained from asking how many persons they asked and
how many refused to participate. We did not want to impose an addi-
tional burden and jeopardize the care service provider study participa-
tion. Finally, we approached 94 GPs, and 11 agreed to participate
(response rate 11%). We anticipated that recruiting participants might be
challenging and thus aimed to reach as many potential participants as
possible with our strategy, instead of focusing on a clearly defined num-
ber of potential participants. Moreover, we potentially attracted volun-
teers with a specific interest in the topic and more relatives of robust
than of frail older adults might have participated. However, the sample
size,41 the data collection and analysis supported data saturation, as rich
perspectives were captured and themes were confirmed across inter-
views and focus groups. Lastly, the findings apply to the population stud-
ied and may not be applicable to other populations with different
cultural and societal perspectives.
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Conclusions

The actors involved in PSAD use and non-use, relatives, commu-
nity nurses and GPs, should be aware of the PSAD negotiation pro-
cess, which is complex, dynamic, iterative and needs time. This
process can enable the older adult to make an informed decision
about PSAD use, which might be reconsidered later. Throughout the
negotiation process relatives, community nurses and GPs need to bal-
ance the perceived care need versus the perceived need of the older
adult for independence in daily life.

Relatives and community nurses are predominantly involved in
the negotiation process. GPs are less involved but can identify critical
events, positively influence older adults’ decision-making and refer
to community nurses for further counselling.

The PSAD perception of the older adult is essential. To date, it
seems that a PSAD is regarded as an invisible link between home and
an institution. Health professionals need to clarify the alerting pro-
cess, i.e., to discuss mortality, hospitalization and institutionalization.
Relatives and health professionals can influence older adults at an
early stage by explaining how a PSAD can substantially support living
independently longer.

Although community nurses may play a pivotal role during the
negotiation process, they lack knowledge regarding comprehensive
counselling on PSADs, e.g. different models of PSADs or the alerting
process. Relatives are interested in user experiences, the pros and
cons of different models, and in the opportunity to touch and test the
devices with their parent/s. Older adults and relatives need to be sup-
ported, as conflicting situations are probable at the beginning of the
negotiation process. Therefore, specialized community nurses may
be the key to further improving and facilitating the decision about
PSAD use and thus to supporting safe aging in place.

The suggested descriptive model could benefit from further
exploration, particularly elucidating the kind of support community-
dwelling older adults need, and from whom, when using a PSAD.
Thus, supportive interventions for community-dwelling older adults
could be developed and tested. In addition, the negotiation process
described could serve as an example for decisions on the use or non-
use of other technologies in the context of aging in place.
Conflict of interest

We have no conflict of interest to declare.
References

1. Pruchno R. International aging: spotlighting the spotlights. Gerontologist.
2017;57:392–395.

2. Scharlach AE, Diaze Moore K. Aging in place. In: Bengtson VL, Settersten RA, eds.
Handbook of theories of aging. New York: Springer; 2016:407–425.

3. Hajek A, Lehnert T, Wegener A, Riedel-Heller SG, K€onig HH. Langzeitpfle-
gepr€aferenzen der €Alteren in Deutschland - Ergebnisse einer bev€olkerungs-
repr€asentativen Umfrage. Das Gesundheitswesen. 2018;80:685–692.

4. Lehnert T, Heuchert M, Hussain K, K€onig H-H. Stated preferences for long-term
care: a literature review. Ageing Soc. 2019;39:1873–1913.

5. European Network on Independent Living. Comparing the Costs of Independent Living
and Residential Care. Dublin: European Network on Independent Living; 2014:29.

6. Kim K-I, Gollamudi SS, Steinhubl S. Digital technology to enable aging in place. Exp
Gerontol. 2017;88:25–31.

7. Fischer SH, David D, Crotty BH, Dierks M, Safran C. Acceptance and use of health
information technology by community-dwelling elders. Int J Med Inform.
2014;83:624–635.

8. Schulz R, Wahl HW, Matthews JT, Dabbs AD, Beach SR, Czaja SJ. Advancing the
Aging and Technology Agenda in Gerontology. Gerontologist. 2015;55:724–
734.

9. Peek STM, Wouters EJ, van Hoof J, Luijkx KG, Boeije HR, Vrijhoef HJ. Factors influ-
encing acceptance of technology for aging in place: a systematic review. Int J Med
Inform. 2014;83:235–248.
10. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for preventing falls in
older people living in the community. Cochrane Database Syst Rev. 2012;9:
CD007146.

11. Simpson PM, Bendall JC, Tiedemann A, Lord SR, Close JC. Epidemiology of emer-
gency medical service responses to older people who have fallen: a prospective
cohort study. Prehosp Emerg Care. 2014;18:185–194.

12. Bloch F. Les complications non traumatiques des chutes: des cons�equences trop
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Introduction

Ageing in place is not only a priority of health care and political agendas but also a strong 
desideratum of older persons.1, 2 Safety is regarded as a crucial component of ageing in 
place.3 One important safety issue is the problem of falls, since falls and particularly long 
lies after a fall impact negatively the health and wellbeing of older persons.4, 5 Although 
the prevention of falls among community-dwelling older persons is seen as crucial and 
multifactorial and multicomponent interventions can mitigate fall rates and risk of falls, 
so far the evidence of their effectiveness is of poor quality.6 Therefore, Personal Safety 
Alerting Devices (PSAD) are a solution to support the safety of older persons ageing in 
place. 

Unfortunately, older persons are still reluctant to use PSADs.7-9 Therefore, it is 
essential to gain a meaningful understanding of factors influencing PSAD use and non-
use in older persons from the key stakeholders of ageing in place, i.e. older persons, 
their relatives, community nurses and General Practitioners (GPs). This, in turn, requires 
taking aim at both, usability issues and underlying processes of use and non-use. 

Thus, the overall aim of this doctoral thesis was to investigate the PSAD use and 
non-use of community-dwelling older persons from a multiperspective approach. After 
conducting a scoping review, the needs and preferences of community-dwelling older 
persons were considered in various stages of a newly developed wearable, waterproofed 
and automatically fall detection PSAD. Next, older persons’ reasons, thoughts and 
motives as well as the influencing factors of PSAD use and non-use when ageing in 
place and finally the perspectives and experiences of relatives, community nurses and 
GPs were studied.  

This final chapter discusses the main findings of the five individual studies 
comprising this dissertation. Following that, methodological and theoretical 
considerations are discussed. The chapter closes with the implications of the findings 
for research and practice. 

Summary of the main findings 

The summary of the main findings is presented in the form of answers to the research 
questions of this thesis.

1. What is the nature and extent of user involvement of people 65 years of age 
and older in the development, testing and/or evaluation of fall detection 
systems? (Chapter 2)
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The first study (Chapter 2), a scoping review of the scientific literature covering the state 
of research from 2004 to 2014, described the nature and extent of user involvement 
of people 65 years of age and older in the development, testing and/or evaluation of 
PSADs.10 The 53 analysed studies showed that older persons are mostly involved in one 
or two stages of PSAD development, most often during the stage/s prototype design 
and or testing, e.g. algorithms, according to the development stages of the theoretical 
framework “medical device technology development process” of Shah, Robinson and 
AlShawi.11 Meaning, the focus of involvement was predominantly on the development 
of technical aspects. In sum, the review revealed that little attention has been given to 
the views, needs, preferences or practical aspects of usefulness in the daily life of older 
persons themselves.

2. What are the needs and preferences of community-dwelling older people 
regarding a wearable fall detection sensor and its smartphone application 
during the design and mock-up stage? (Chapter 3)

3. What is the usability of a wearable, waterproof, automatically alerting, fall 
detection prototype, according to the community-dwelling older persons 
involved? (Chapter 4)

The second and third studies were conducted based on the theoretical framework of 
Shah et al.11 mentioned above, to develop an innovative PSAD, in the form of a wearable 
sensor linked to a smartphone application (app). 

The second study (Chapter 3) involved a total of 22 community-dwelling older 
persons in device design and mock-up development, focusing on feasibility and practical 
aspects related to daily use.12 The participants welcomed the idea of this sensor, which 
is waterproofed and alerts automatically in case of a fall. They considered the sensor 
as feasible in terms of weight, material, size, shape and colour and emphasized their 
need for reliable alert functioning. Remaining physically mobile and being unrestricted 
in daily activities were mentioned as pivotal. However, the idea of using a smartphone 
for automatic fall detection and alert transmission evoked some general scepticism. 
Yet, participants mentioned that future generations will probably be able to deal with 
a smartphone. The second study indicated that older persons’ perception of activity 
and independence in daily life may influence the acceptance and usage of a PSAD. But 
the participants emphasised that real-life testing should be carried out to thoroughly 
consider practical aspects of use and not to remain hypothetical.

Based on those insights, a “needs-driven” PSAD prototype was developed. The 
third study (Chapter 4) investigated its usability in a real field testing trial.13 A total 
of 15 community-dwelling older persons tested this prototype in daily living over 
a period of nine days. The findings yielded positive aspects and aspects requiring 
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improvement. The participants highlighted high wearing comfort and easy battery 
charging of the sensor as positive. However, the sensor would need a longer duration 
of battery charge in order to extend the wearing time. The manipulation of the app 
was clear and easy and being located via GPS was an advantage mentioned by all. In 
contrast, the alerting process and the choice of contact persons as well as their related 
tasks were identified as quite complex, e.g. who to choose or availability of contact 
persons. The use of the smartphone was criticised for requiring too much effort and 
training to learn its handling. In addition, the battery duration was insufficient and the 
reliable alerting distance between smartphone and wearable sensor not practicable in 
everyday life. The participants suggested different versions of this type of PSAD, i.e. one 
without a smartphone as the wearable sensor was highly appreciated. Furthermore, 
the study revealed that the integration of a PSAD in daily life goes beyond technical 
requirements, in terms of habits and personal preferences, e.g. modification of daily 
routines, maintenance of independent living or the roles of relatives and healthcare 
professionals particularly in the alerting process.  

4. What are reasons, thoughts, motives and influencing factors regarding the 
use and non-use of a PSAD in daily life from the perspective of community-
dwelling older persons? (Chapter 5)

The fourth study (Chapter 5) addressed the broader context, and investigated reasons, 
thoughts, motives and influencing factors regarding PSAD use and non-use of 
community-dwelling older persons. The exploration of 32 older persons’ perspectives 
revealed that the decision to use or not to use results from a “legitimation process”.14 
The participants highlighted the need to perceive the necessity for using a PSAD. The 
decision to use or not to use involves an interplay of the ageing self, e.g. dealing with 
age-related changes, and with the person’s perception of technology, e.g. technology 
experience. The legitimation process is triggered by a critical event, e.g. a fall or 
deterioration of health, which causes the person to reflect on her/his own safety and 
possible need for assistance as well as the right moment to start using it. As times goes 
on, depending upon new critical events occurring in daily life, another cycle of the 
legitimation process may be re-initiated.

5. What are the reasons for PSAD use and non-use among community-dwelling 
older persons according to relatives, nurses and GPs? In what situations are 
PSADs used or not used by community-dwelling older persons according to 
relatives, nurses and GPs? What is the involvement of relatives, nurses and GPs 
in the use and non-use of PSADs? (Chapter 6)
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To enable a comprehensive insight into the “bigger picture” of PSAD use and non-use, the 
fifth study explored relatives’, community nurses’ and GPs’ perspectives and experiences 
in decision making around PSAD use and non-use in the daily life of community-
dwelling older persons (Chapter 6). Altogether, 33 relatives, 34 community nurses and 
eleven GPs were interviewed.15 The participants disclosed that they were involved in 
a longer lasting negotiation process comprising three major phases: A) waiting for a 
critical event in an older person’s everyday life; B) introducing the idea of a PSAD; C) 
deciding about and supporting PSAD use. The process was characterized by a balancing 
of care with independence. Whereas all participants perceived a need to care for the 
older person by suggesting the use of a PSAD, the older person mostly experienced 
this suggestion as a threat to losing her/his independence as an adult. The study 
suggests that an informed decision of PSAD use and non-use requires a negotiation 
process which is iterative, complex and time-intensive. Relatives and community nurses 
are predominantly involved; GPs may positively influence the decision making. While 
community nurses play a crucial role, they seem not sufficiently prepared to provide 
comprehensive PSAD counselling. 

Discussion of the main findings

Since the overall objective of this doctoral thesis is on extending current knowledge 
regarding the PSAD use and non-use of community-dwelling older persons in everyday 
life, the discussion considers the main findings predominantly in the light of PSAD 
acceptance, adoption and use / non-use. 

 User involvement in PSAD development – a demand with need for 
clarification and advancement 
User involvement is recommended in order to address usability issues of 

technologies.11, 16-19 It requires that users are actively and iteratively involved in several 
stages of product /device development, from the beginning, through the design and 
prototype stages, until its implementation.17, 20, 21 Usability issues are considered an 
antecedent of the “perceived ease of use”, which significantly influences technology 
acceptance.22 Despite this internationally acknowledged significance of user 
involvement, the scoping review (Chapter 2) of this thesis showed that the involvement 
of older persons in the development of PSADs is still limited. This finding is pivotal 
since usability issues are reasons for PSAD non-use.23-25 A closer look at the findings 
revealed that older persons are involved, but with a primary focus on technical aspects, 
e.g. algorithms.10 Researchers seem to answer the demand for user involvement, but 
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without necessarily including the “real” needs and preferences of older persons. Further 
explorations should include the perspectives of older persons.  

By considering user involvement to be active and iterative involvement,11, 17 critical 
analysis leads to the identification of tokenism. This term was particularly shaped by 
Arnstein’s26 participation ladder in the context of citizens’ participation, then further 
developed, meaning that users are involved but hardly influencing the decisions 
taken during product / service / device development.20, 27 The risk of tokenism during  
technology development was already described 20 years ago in the information 
technology field.20 Damodaran20 pointed out that involving users does not guarantee 
their influence on the device development process; the team needs to ensure that 
users are actively involved in the whole process. She suggested clarifying the degree 
of involvement by how much influence users specifically have on the decision making. 
Damodaran20 differentiated three degrees of involvement: informative, consultative or 
participative. While informative involvement signifies that users obtain and provide 
information, consultative involvement requires the user to give more comprehensive 
feedback on the product/device under development. And the third degree of 
involvement, participative involvement, allows the user to decide about further 
development. 

In addition, beyond the influence on decision making described,20, 27 it seems 
necessary to also focus on involvement throughout the process. In line with Shah et 
al.,11 users should be involved iteratively in all stages of device development. Thus, 
amongst other things, users can already reflect on the “real-life feasibility” of technology 
development ideas or can provide critical feedback at various stages of modifications 
and developments. This suggestion is underpinned by the findings of the second 
and third study of this doctoral thesis (Chapters 3 and 4). These studies showed, e.g. 
that as early as their first involvement the participants mistrusted the feasibility of the 
smartphone in daily life. This was confirmed by the second involvement during real field 
testing. From a self-critical perspective, this criticism of the older persons was not taken 
very seriously by the research team, as the project plan suggested “only” the smartphone 
version. Especially since, some participants with smartphone experience were keen on 
testing this prototype PSAD in daily life. 

Up to now, and despite various efforts, active and iterative user involvement 
in the development of PSADs remains a desideratum that needs clarification and 
advancement. At the same time, it is important to note that user involvement is not as 
simple as it might appear. Among other things, it requires: translating users’ needs and 
expectations into technical requirements, establishing and maintaining a relationship 
with users, dealing with a considerable amount of user feedback or the handling of 
“different” languages (technical, scientific and everyday language).16, 19, 28 Recently, 
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Romsland, Milosavljevic and Andreassen29 pointed out that non-tokenistic and active 
user involvement requires not only an anchored interest of the researchers in the users’ 
needs, but also preparing for participation, e.g. by developing a working relationship, 
promoting active engagement, e.g. by ensuring comprehensive terminology, gathering 
user perspectives and valuing and encouraging criticism. The risk of tokenism and the 
expectations related to user involvement also indicate that “real” user involvement 
requires appropriate knowledge and skills from those applying it.16, 30, 31

Another highly interesting insight regarding the added value of user involvement, 
using the example of PSADs, was provided by studies two and three (Chapters 3 and 4). 
Those studies12, 13 revealed that beyond usability issues, defined as primarily functional 
aspects, e.g. wearing comfort or ease of manipulation, the impact of the device on daily 
life as well as the meaning attributed to a device seems to have considerable influence 
on later PSAD use. In terms of impact, the participants wanted to know/to ensure: if the 
sensor could be integrated into an already used item (jewellery, personal watch), if the 
PSAD would limit their physical activity, how their daily routines would be affected or if 
health professionals like nurses might be part of the alerting process, as they preferred 
having trusted contact persons. These findings confirm those observed in earlier studies 
on barriers to PSAD use: not knowing the qualification of the contact persons or not 
knowing when to wear the device or when to activate an alarm.23 In terms of meaning, 
whereas some participants believed that a PSAD is a highly reliable way of calling for 
assistance, others were unconvinced about and favoured waiting to see how life would 
decide about their fate. Participants pondered possible influences on their perceived 
independence in daily life. This was particularly related to the preservation of their 
physical mobility or their status as an independent adult: some disclosed a preference for 
wearing the PSAD hidden from the view of others. Adding insight from the fourth study 
(Chapter 5), the legitimation process showed that most of the participants considered 
a PSAD as “transforming” them into a dependent person. The literature shows that older 
persons who believed the PSAD was important for them wore it significantly more 
often.23 Other older persons will not use it because they want to manage their life by 
themselves or they associate a PSAD with a stigmatizing appearance23 or regard it as a 
symbol for being dependent and frail.8

A possible explanation for this “discovery” of the dimensions impact and meaning 
of a device such as a PSAD might be rooted in the interdisciplinary approach chosen 
for this PSAD development (Chapters 3 and 4). Nursing researchers worked together 
with engineers. The nursing researchers endowed the team with a different professional 
lens and knowledge regarding contextualisation of older persons’ challenges when 
ageing in place. The nursing researchers were also trained on an advanced level 
regarding communicative competences as well as equipped with several years of 
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clinical experiences in the care of older persons. Thus, it is conceivable that challenges 
of user involvement, such as establishing and maintaining a relationship with users, 
dealing with a considerable amount of user feedback or the handling of “different” 
languages (technical, scientific, everyday language),19, 28 were successfully addressed. 
This argumentation can be underpinned by another observation: nearly all participants 
from the third study had already taken part in the second study. One year later they were 
still motivated and engaged, which might be due to the nursing researchers’ expertise.

 
 The legitimation process for PSAD use and non-use – establishing perceived 

necessity  
The fourth study (Chapter 5) of this doctoral thesis revealed that deciding about 

PSAD use induces a process in which the older person deals with their own ageing and 
thoughts about becoming a dependent person.14 It is somewhat surprising that this 
rather small and simple device challenges the ageing-self of the older person. While the 
idea of a PSAD is to support safe and independent living when ageing in place,32, 33 the 
findings (Chapter 4 and 5) suggest that, when considering the topic of PSADs, older 
persons often perceive a threat to their independent living. This perceived threat was 
also identified by the relatives and health professionals involved (Chapter 6). It may be 
explained by the fact that older persons are striving for independence and maintaining 
control over their life.34 In addition, dealing with ageing implies maintaining a sense of 
self, which can be undermined by “superficial” events such as giving up a long-standing 
activity or “driving license”.35 

Furthermore, particularly the health professionals (Chapter 6) shared their 
experience that older persons might be worried that their social environment would 
“treat” them as frail and old if they wore a PSAD. This might not only be a sign of needing 
more assistance, but also of having a higher risk of soon being unable to live any longer 
at home. In addition, the health professionals revealed that some older persons consider 
a PSAD as a possible gateway to a long-term care institution. Those reflections show 
that PSAD use might be perceived as a threat to the older person’s desideratum: to live 
as long as possible in the accustomed environment1, 2 in order to maintain independent 
living and control over daily life.34 This finding is significant, as it emphasizes that those 
perceptions may inform a negative attitude towards PSAD use. This is in line with Nyman 
and Victor8 and Chaudhuri et al.25, who suggested that a negative meaning attributed 
to PSADs might result in PSAD non-use. In the same sense, the current literature already 
hints at the fact that older persons recognising a PSAD as supportive in daily life, are 
more favourable to its use.36, 37

Another pivotal finding of this doctoral thesis was the importance of perceived 
necessity, i.e. the need of the older persons to establish a perceived necessity in order 
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to legitimate PSAD use for themselves (Chapter 5). The perceived necessity from 
the perspective of the older person is related to the right moment for PSAD use, i.e. 
it determines the beginning of using a PSAD. But importantly, establishing perceived 
necessity requires one or often several critical events, which again must be perceived as 
critical by the older person (Chapter 5). This perception by the older person might be in 
contrast with the perception of the social environment, as was found in the fifth study 
(Chapter 6). It highlights that PSAD use in daily life requires a decision on the part of the 
older person or shared decision making by the involved persons, since an older person 
who does not perceive the necessity for PSAD use will most probably abstain from using 
it. Furthermore, it might be argued that either giving the decision to the older person 
or participating in shared decision making emphasizes and supports that person’s need 
for independence and control over daily life. 

Furthermore, the perceived necessity may explain the discrepancy in the frequently 
reported phenomenon of PSAD acceptance, in terms of having a PSAD at home, but 
hardly using it in daily life.7-9, 38 Moreover, it may also explain why the majority of older 
persons might be favourably disposed towards a PSAD, but in fact only a minority would 
use or are using one.7, 8, 39, 40 Those situations, based on the legitimation process (Chapter 
5) and the negotiation process (Chapter 6), seem to represent the moment where the 
older person opts for “not-yet-use”, i.e. feels that in principle a PSAD can be helpful, 
but the perceived necessity for their own daily life is not yet fully established. These 
processes can be time-intensive and can be accompanied by several critical events 
that can even cause suffering for the older person. However, the community nurses in 
particular (Chapter 6) observed that only those agreeing to PSAD use will actually use it.

Relating this finding to the technology-acceptance technology literature, perceived 
necessity seems to equal perceived usefulness from the Technology Acceptance Model 
(TAM).22, 41 While in the context of the original model (Chapter 1) perceived usefulness is 
defined as “the prospective user’s subjective probability that using a specific application 
system will increase his or her job performance within an organizational context”.22 In 
the context of the Senior Technology Acceptance Model (STAM), perceived usefulness 
is operationalized as, e.g.: “You will find technology useful in your life”(p.640).42 Thus, it 
seems worthwhile to consider whether perceived necessity might be a more suitable 
term than perceived usefulness in the context of PSADs or even the general technology 
use supporting ageing in place.  

In line with the request of several researchers,43-46 it can be stated that particularly 
studies four (Chapter 5) and five (Chapter 6) may significantly contribute to answering 
the questions of the “when, why and how” of technology use. In addition, both studies 
contributed to disclosing the meaning and/or motivation of non-use, which, according 
to the literature, is crucial to investigate.47-49
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 A negotiation process - an iterative, complex decision process over time needing 
facilitation by different actors
From a multiperspective exploration, the fifth study (Chapter 6) clearly indicates 

from a multiperspective exploration that deciding on PSAD use or non-use requires a 
complex decision process over time.15 During this process relatives and or health care 
professionals, community nurses and or GPs, negotiate the topic of PSAD use with the 
community-dwelling older person. 

Even at a first glance, the negotiation process indicates that negotiating PSAD 
use or non-use is an iterative multiphase process between the involved stakeholders. 
As a result, different decisions are possible: non-use, not-yet-use or use. A decision is 
temporary in nature, i.e. it can be reversed some time later. This finding is particularly 
relevant when compared to technology acceptance research. Most of the technology 
acceptance models (Chapter 1), like the TAM or the Unified Theory of Acceptance and 
Use of Technology (UTAUT), represent a one-way process.22, 41 In contrast, studies four 
and five (Chapters 5 and 6) highlight a dynamic decision-making process affected by 
critical events and influencing factors like costs or PSAD characteristics (Chapters 6). 
This finding supports Yousafzai, Foxall and Pallister50 who criticised that the TAM does 
not take into account fluctuating technology acceptance over time. In addition, it is in 
line with other researchers who recently stated that technology use is not static and 
may change over time.40, 51 

There is a further reason why different “PSAD-user-typologies” seem desirable. 
Research on the internet use of older persons found that there are those who use 
the internet intensively, others, occasionally and some, rarely.52 Another (non-)user 
typology is: “active resistance”, disenchantment, disenfranchisement, displacement 
or disinterest.49 Baumer et al.48 recommend that a dichotomous distinction should 
be avoided, and that various forms of use and non-use should be recognized. It is 
conceivable that, on the one hand, those with a selective use are not excluded from the 
term user and, on the other, differentiating the kind of use might enable the tailoring 
of better information and/or interventions to a possible need. Alternatively, there is 
another explanation. Innovations (definition see Chapter 1) are adopted at a different 
pace by individuals of a society.53 Some are first, some require more time and others 
are laggards.53 Five adopter categories are internationally recognized: innovators, 
early adopters, early majority, late majority and laggards.53 This classification might be 
suitable for obtaining a first indication about a person in regard to technology use. 

Most of acceptance research disregards the possibility of rejection.54 However, 
particularly studies four and five (Chapters 5 and 6) demonstrated clearly that rejection 
is part of the legitimation as well as the negotiation process. That is, depending on the 
older person and the critical events occurring in her/his daily life, not-yet use or non-use 
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were frequently a first step in the process, since one or more critical events and time 
were needed to decide on PSAD use. Additionally, this thesis shows that rejection can be 
an option after someone has used a PSAD for a certain time (Chapter 6). The literature 
suggests that implementing an innovation requires time to try out or actual “real life” use 
before a first adoption can be confirmed.53, 55 According to the Diffusion of Innovations 
Theory53 (Chapter 1), the phase of implementation informs the confirmation phase in 
which the person decides on continued adoption, later adoption, discontinuation or 
continued rejection. According to Rogers,53 adoption is a step following the acceptance 
of an innovation. In other words, acceptance occurs first, in the decision phase, then in 
the implementation phase the person needs to try out the device in daily life, and only 
then, in the confirmation phase, the decision is taken about adoption or discontinuance 
or rejection.53 Both phases seem suitable for the PSAD process, since older persons 
and relatives expressed the need and preference for trying out (Chapters 3, 5 and 6), 
which implies a first decision, in order to facilitate the decision about use, in terms of 
continuing use or not-yet (later) use. 

This doctoral thesis found in studies two to five (Chapters 3 to 6) a pivotal influence 
of relatives and health professionals on PSAD use and non-use. Thus, this finding is in 
line with research on general technology acceptance.23, 32, 33, 56-60 Relatives and health care 
professionals carry out various “tasks” in the context of PSAD use and non-use (Chapters 
3 to 6): e.g. identifying critical events, introducing the idea of a PSAD, facilitating PSAD 
use or providing information about or access to PSADs. Surprisingly, it was revealed that 
although coaching and re-evaluation of PSAD use by older persons is required, most 
of the community nurses involved did not provide it due to a lack of competence and 
skills. Accordingly, the GPs stated that the issue of PSADs is in fact highly relevant for 
older persons’ safety, but their tasks are focused on identifying critical events, if possible, 
and on the medication for fall prevention. They would benefit from more knowledge 
about PSADs, however, they do not consider it as a must for their work. Furthermore, it 
is interesting that although all community care organisations involved provided access 
to PSADs, only a few went beyond PSADs brochure delivery.   

There are several possible explanations. It is acknowledged that a mismatch 
between technology provision and the consultation competences and skills of health 
professionals still exists.61 De Veer et al.62 found that although an increasing number of 
technologies are implemented within nursing care, nurses themselves report a lack of 
skills required to use them. A study from the UK identified that community nurses are 
still not well enough trained in handling information technologies.63 Similarly, another 
study found a need to train health professionals for technology use in health care.64 In 
addition, health professionals require support in linking a technology to patients’ needs. 
Risling65 calls for a curricular shift in order to prepare the future generation of health 
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practitioners. Consequently, it seems to be an international phenomenon that the 
education of nurses’ lags behind the technology development and that technologies 
are still insufficiently integrated into nursing and caring processes. 

A further aspect seems pivotal for understanding the “bigger picture” of PSAD 
use and non-use. The alerting process was a dominant topic of almost all studies of 
this doctoral thesis (Chapters 3 to 6). Knowing that older persons are attached to their 
home, which represents a familiar place of independent living and social connectivity.66 
“Suddenly” it seems obvious that the perceived threat to their independence through 
the alerting process might also exist because using a PSAD can imply that “strangers” 
might enter their house. Normally, the home is considered to be a place which allows 
personal control, preservation of a sense of self and environmental mastery.1, 67, 68 But 
with the use of a PSAD, the home as a private space becomes a public space. It must 
be “shared” in a moment of helplessness. This transformation of the home, when older 
persons are increasingly in need of assistance in order to deal with daily life, is extensively 
discussed by Hale et al.34, who suggest that this transformation is a transition process at 
home for the older person. Another study found that community care, requiring health 
professionals to enter the private space, may evoke feelings of being exposed.69 It seems 
that a PSAD and the implicit alerting process evokes a similar transformation of a private 
space into a public one, which might affect the decision concerning its use. 

This chapter, then, has provided an overview of the findings of studies one to five 
of this doctoral thesis (Chapters 2 to 6). It disclosed that the technology of a PSAD itself 
was thematically pushed into the background. Apart from perception of technology 
and PSAD characteristics, the following themes came to the fore from the perspectives 
of the participants: the impact of a PSAD on daily life (Chapter 3 and 4), the meaning 
attributed to a PSAD (Chapter 4 to 6), influencing factors like costs or social pressure 
(Chapter 5 and 6), critical events related to psychological, physical and social concerns 
(Chapters 5 and 6), being confronted with the ageing-self (Chapter 5), the ageing 
process (Chapter 6), encountering mortality (Chapter 5 and 6) or personal relationship 
(Chapter 6). This observation leads to one possible conclusion that the usability of the 
technology itself is an important basis, but the impact on daily life, the individually 
meaning attributed to the PSAD as well as the decision-making processes seems more 
dominant in influencing PSAD use and non-use. 
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Theoretical considerations 

This paragraph discusses the knowledge gained regarding PSAD use and non-use 
through this doctoral thesis in the context of the technology acceptance/adoption 
models outlined in the general introduction (Chapter 1). 

A suggestion for a theoretical model is presented in Figure 1, summarizing as 
follows the findings of this doctoral thesis: 

Studies two and three (Chapter 3 and 4) underscored that user involvement is a 
meaningful method for developing a needs-driven PSAD. A pivotal finding was that 
beyond usability, the meaning attributed to the PSAD as well as its impact on daily life 
matter from the perspective of community-dwelling older persons. In the literature 
(Chapter 1) usability is related to the perceived ease of use of a technology. The findings 
(Chapter 3 to 5) suggest that the perceived ease of use should include, beyond usability, 
the meaning attributed to a PSAD from the perspectives of the users and the impact on 
daily life (Figure 1). In addition, the relevance of usability, meaning and impact related to 
PSADs was endorsed by relatives and health professionals (Chapter 6). Perceived ease of 
use defined as usability, impact and meaning might solely apply to PSAD development, 
but seems a promising path of investigation as well for other technologies in the context 
of ageing in place. 

Study four (Chapter 5) uncovered the legitimation process. The participants 
revealed that they go through this process to establish the perceived necessity of a 
PSAD, which can legitimate its use (Figure 1). Simultaneously, relatives and health 
professionals are engaged in a negotiation process (Chapter 6) to enable the older 
person to come to an informed decision regarding PSAD use and/or non-use (Figure 
1). In addition, the findings (Chapters 5 and 6) highlighted that trying-out a PSAD is 
an important step towards an informed decision. Trying-out was thus interpreted as 
a first form of decision making, as the person agrees to deal with the topic of a PSAD 
(Figure 1). The “whole” process of PSAD use and non-use interacts in a balancing of 
independence and care. While the older person aims to maintain her/his independence 
in daily life, which can be perceived as threatened by a PSAD use, the relatives and health 
professionals are negotiating according their perceived necessity for care by suggesting 
the use of a PSAD (Figure 1). 

The aim of this process shown in Figure 1 is an informed decision by the older 
person regarding PSAD use and non-use in her/his daily life. This process is particularly 
characterised as follows: 
	PSAD use and non-use is based on a decision-making process that is iterative, 

time-intensive and multi-phased, between older persons, relatives and/or 
community nurses; GPs seem less involved. (Chapters 5 and 6)
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Chapter 7

	The user attaches meaning to a PSAD (a technology “has” meaning) and this 
applies not only to the older person, but also to relatives (caring for the older 
person) and health professionals (supporting independent living). (Chapters 4 
to 6)

	A PSAD impacts daily life, which has to be elucidated comprehensively (e.g. how 
it works, when to use it, how to integrate it into daily routines or how “strongly” 
daily routines will be affected by PSAD use). (Chapters 4 to 6)

	Despite PSAD use, the older person requires keeping her/his perceived 
independence and control over daily life. (Chapters 4 to 6)

	Identifying the right moment of starting PSAD use is key for later use and non-
use, which should be identified in discussions between older persons, relatives 
and or community nurses, possibly GPs. (Chapters 5 and 6)

	Various typologies of users are needed; dichotomous differentiation is 
insufficient as some users are excluded. Being able to assess various PSAD use 
behaviours enable community nurses and or relatives to identify with the older 
person if interventions are needed to support PSAD use. (Chapters 5 and 6)

	Non-use (rejection) should be included as an iteration in the decision-making 
processes and thus in the technology acceptance / adoption / use process. 
(Chapters 5 and 6) 

	Acceptance should be considered an intermediate step, i.e. the thesis findings 
suggest that acceptance is a first decision, agreeing to try out a PSAD, but the 
decision about adopting / using a PSAD will occur later. (Chapters 7)

	PSAD use and non-use of older persons needs to be enabled and supported 
(need for human contact) by relatives and/or health professionals, particularly 
community nurses, as they are still present in the home environment of the older 
person, unlike GPs. (Chapters 5 and 6)

On the one hand, this thesis suggests that the findings support the literature-based 
variables (Chapter 1) attitude, social norms, perceived usefulness, perceived ease of use 
and perceived behavioural control, as suggested in Table 1. However, this needs to be 
validated by further research.
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Table 1. Overview and comparison of literature-based variables with influencing factors of PSAD 
use and non-use found in this doctoral thesis

Variables from the scientific literature (Chapter 1) Influencing factors of PSAD use and non-use 
found in this doctoral thesis

	Theory of Reasoned Action (TRA)70  
(attitude towards behaviour)

	Technology Acceptance Model 
(TAM)22

(attitude towards using a technology)
	Unified Theory of Acceptance and 

Use  of Technology (UTAUT)41 – not 
included

	Senior Technology Acceptance 
Model (STAM)42 (attitude towards 
life and satisfaction)

	Diffusion of Innovations 
Theory (DIT)53 (attitude towards 
innovations)

Attitude 	Meaning (attributed to PSADs) (Chapter 3 and 
4) 

	Perception of technology (Chapter 5)
	Ageing-self (Chapter 5)
	Critical event – longing for death (Chapter 5)

	TRA (subjective norm)
	TAM - not included in first version, 

but in later versions
	UTAUT (social influence)
	STAM (social relationships)
	DIT (norms of social system)

Social norms 	Ageing-self (Chapter 5)
	Critical events (Chapter 5 and 6)
	Facilitating PSAD use by relatives and health 

professionals (Chapter 6)

	TAM
	UTAUT (performance expectancy)
	STAM
	DIT (felt needs / problems)

Perceived 
usefulness

	Perceived necessity (Chapter 5)
	Critical events (Chapter 6)

	TAM
	UTAUT (effort expectancy)
	STAM 
	DIT (persuasion and 

implementation stages)
	(TRA: similarity to control beliefs)

Perceived 
ease of use

	Usability (Chapter 3 and 4)
	Impact (on daily life) (Chapter 3 and 4)
	Perception of technology (Chapter 5)
	Influencing factor – PSAD characteristics 

(Chapter 6)

	Theory of Planned Behaviour and 
the Reasoned Action Approach71, 72

	STAM (Gerontechnology self-
efficacy; cognitive ability)

	DIT  (persuasion and 
implementation stages)

Perceived 
behavioural 
control

	Becoming a person requiring assistance 
(Chapter 5)

	Perception of technology (Chapter 5)
	Influencing factor – alerting process (Chapter 6)
	Encountering mortality (Chapter 6) 
	Balancing care and independence (Chapter 6)

On the other hand, from this dissertation, using the case of PSADs, further insights were 
gained into technology acceptance/adoption/use and non-use models, beyond those 
reported in literature (Chapter1).
	One perspective, e.g. from the older person or from relatives, provides only limited 

understanding. A multiperspective investigation allows a comprehensive 
understanding, as shown in this dissertation.

	Attitude towards, a variable of the models TRA, TAM, STAM and DIT, was also 
found to be crucial in influencing the decision making about PSAD use and non-
use. However, this thesis found that not only the attitude to the technology or 
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the behaviour enabling its use mattered, but also the attitude of the older person 
towards her/his own ageing process. 

	The multiperspective investigation of this thesis revealed that the verbalised 
attitude toward a technology (a PSAD might be or is useful) may diverge from 
the observable behaviour in use (irregularly or having but not using). Therefore, 
communication among people involved in the use of a PSAD is crucial in order 
to identify reasons and motives and to consider possible interventions or further 
steps in regards of technology use.

	It seems particularly relevant for the health care context, since “others” suggest 
use of a technology due to an identified care need, to bring together the 
attitudes towards the technology from all those involved, because not only the 
perception of its necessity might differ (as in the case of critical events), but also 
the possible added-value of the technology itself; e.g. the PSAD is considered 
to be supporting independence from the perspectives of health professionals 
and relatives, but from the perspective of the older person is a possible threat to 
their independence. Communication among those involved should make clear 
the underlying assumptions of why a technology might be supportive or not.

	Technology use and non-use does not happen “by itself”, nor without social 
context. More metaphorically expressed, it is hardly a soloist who uses a PSAD, but 
a duo, trio, quartet, etc. It will depend on the technology. Therefore, technology 
use and non-use related to ageing in place should to be enabled, agreed upon in 
a decision-making process. 

	The social context is expressed as the variable social norms in the models 
TRA, TAM, UTAUT and STAM. The findings of this doctoral thesis show a strong 
influence of relatives and health professionals on PSAD use and non-use. 
Some older persons emphasized “openly” that the thoughts of their friends, 
neighbours, family and/or of health professionals were very welcome in helping 
them take a decision. Meaning, the social system does not only influence the 
decision making, but is key to enabling PSAD use itself, by providing support in 
the handling or in the context of the alerting process. In other words, the social 
system moderates the process, i.e. mostly relatives and/or community nurses. 
This active role of the social system is in line with the DIT. Additionally, it might 
be argued that the variables “gerontechnology anxiety” or “physical functioning” 
of the STAM, or “effort expectancy” of the UTAUT lose importance, because those 
variables can be influenced by the social system. 

	The perceived usefulness is a specific variable of the technology acceptance 
models TAM, UTAUT and STAM. The DIT also broaches the issue of usefulness 
by describing that an innovation requires the antecedent of a need and/or a 
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problem. This doctoral thesis disclosed that from the perspectives of the older 
persons, relatives and health professionals, it is less about the usefulness of 
the technology itself, which is covered by the perceived ease of use, but more 
importantly, the necessity of the “living situation” of the older person which 
necessitates a PSAD. Therefore, it is suggested to modify the term and to use 
perceived necessity in the context of PSAD and in the context of technology use 
for ageing in place. 

	This thesis findings confirm the importance of perceived ease of use (variable 
from the models TAM, UTAUT and STAM, DIT), but provide further details. The 
perceived ease of use should entail not only the aspects of usability, but also the 
impact on daily life and the meaning attached to the technology. 

	Similarities with the variable perceived behavioural control from the Theory of 
Planned Behaviour and the Reasoned Action Approach (Chapter 1 and Table 1) 
were identified. The topic of behavioural control is also part of the STAM and the 
DIT (Table 1). However, this dissertation reports that behaviour control should 
not predominantly focus on the technology itself, but also on the ageing process 
in general. The older person links the technology to the control of daily life as 
well as to her/his perceived independence in daily life. 

	When comparing the dissertation’s findings with the TRA, TAM, UTAUT and STAM, 
the following aspects could be considered as particularly distinctive from those 
models: The process of PSAD use and non-use has a defined onset, a critical 
event. The above-mentioned models do not provide a starting point for the 
technology acceptance process. In addition, this onset needs to be perceived 
by the older person him/herself. The perceived need of the social environment 
is not enough. This finding is, however, in line with the DIT. The DIT emphasizes 
a need or the awareness of an innovations as a beginning of the innovation-
decision process. Furthermore, as depicted in Figure 1, the nature of PSAD use 
and non-use is iterative, different decision options are possible, i.e. use, non-use 
or not-yet-use. The decision regarding PSAD use is dynamic and only valid for 
a certain time. Those characteristics make the PSAD use and non-use process 
highly comparable to the DIT. However, the abstraction level of this theory is 
broad and can be applied to various domains of innovation diffusion. Therefore, 
it was key to understand first the phenomenon of PSAD use and non-use itself. 
Without this understanding, no rigorous scientific and empirically based criteria 
would have allowed arguing for one or another model. Furthermore, uncovering 
those similarities was enabled by the methodological approach of this thesis. 
No specific model “imprinted the lens” the data collection and analysis, i.e. the 
predetermined assumptions of a specific model. 
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To close this section, it should be noted that these theoretical considerations need 
and will benefit from further research. The aim of this dissertation was not to extend 
available technology acceptance models, but to investigate multiperspectively the 
“bigger picture” of PSAD use and non-use of community-dwelling older persons. This 
was required, since only little knowledge was available about the phenomenon of PSAD 
use and non-use by older persons ageing in place. 

Methodological considerations

The specific strengths and limitations pertaining to each individual study of this 
dissertation were reported in the respective chapters (Chapter 2 to 6). This paragraph 
examines the overall methodological considerations of this thesis by addressing first 
the strengths and then the limitations.

Altogether, a predominantly qualitative methodological approach was applied for 
several essential reasons:

So far, the scientific literature disclosed that the use and non-use of technologies 
in general, and PSADs in particular, by older persons remains a considerable challenge 
and is not yet comprehensively understood. However, non-use of PSADs may represent 
a serious threat to ageing in place and thus to the safety and wellbeing of community-
dwelling older persons (Chapter 1). Therefore, it is important to elucidate the uncertainty 
regarding the phenomenon of PSAD use and non-use in order to bridge this knowledge 
gap, which concerned not only the perspective of older persons themselves but also 
those of relatives, community nurses and GPs. 

Additionally, if available knowledge failed to tackle a present concern, a different 
approach to knowledge generation was assumed to be meaningful. Most of the 
technology acceptance research is based on quantitative research as well as coming 
from disciplines different from health and nursing care (Chapter 1). Topical similarities 
with other disciplines need to be carefully examined when used for hypothesising 
in nursing.73 Therefore, a qualitative methodology was considered both, promising 
for revealing new insights and relevant to providing needed answers to the research 
questions in the context of ageing in place from the perspective of the various 
stakeholders. 

Two further aspects were taken into account: (1) qualitative methods allow us to 
gain an understanding of a new field and to formulate tentative theoretical constructs;74 
(2) qualitative research can be considered an approach which is “subjective rather 
than objective, value-laden rather than value-free, engaged rather than detached 
[…]”(p.190).75 The subjective knowledge, thoughts and experiences of the participants 
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were a core interest of this dissertation. The chosen qualitative approach provided 
“space” to the participants to unfold their values. The researcher “walked in their shoes”. 
Qualitative research postulates that the researcher is part of the research endeavour 
and close to the participants.76 This was enabled by the chosen methodology of inquiry: 
focus groups and semi-structured interviews. Proximity to the participants was also the 
PhD candidate’s desideratum. 

Besides, due to the explorative nature of the research questions (Chapter 1), 
aiming to understand needs, preferences (Chapters 2 to 4), thoughts, reasons, motives 
and experiences multiperspectively (Chapters 5 and 6), the following components of 
qualitative research applied to this doctoral thesis: interest in fieldwork and naturalistic 
engagement, seeking contextualization and complexity, concentrating on processes 
and relationships and being interested in meaning and meaning making.76 A qualitative 
approach allows for constructing knowledge from the data in an inductive way.76 An 
inductive approach means to building concepts, hypotheses and theories by identifying 
and conceptualizing themes and patterns from data, obtained through inquiry, 
particularly through observations and dialogue with participants.75, 76 In contrast, a 
deductive approach might have meant choosing a technological acceptance model 
for investigation, by “ignoring” that much uncertainty existed regarding their validity 
for the underlying phenomenon of interest, i.e. PSAD use and non-use when ageing in 
place. However, understanding a phenomenon means, amongst other things, giving 
answers about what it is, when and where it occurs or if and how the phenomenon 
varies or what behaviours are related to it.77 Therefore, it was deemed methodologically 
consistent and straightforward to apply a qualitative methodological approach. This 
enabled elucidating the underlying phenomenon of PSAD use and non-use when 
ageing in place from the perspective of community-dwelling older persons, relatives, 
community nurses and GPs. 

Another reflection also played a role. Nursing is a discipline which can be 
characterised by two types of knowledge: “knowing how” and “knowing that” 
knowledge.78 Consequently, this thesis followed the rationale of investigating the 
“knowing that” knowledge in order to establish a scientific basis for enabling the 
exploration of “knowing how” knowledge. Developing a descriptive theory is indicated 
when little is known about a phenomenon.78 Thus, a phenomenon can be described 
appropriately and relationships among its characteristics can be identified.78 

The carefully reflected methodological approach can be considered a strength of 
this doctoral thesis. Another strength is the large sample size of the different studies 
(Chapters 3 to 6). The literature on qualitative sample sizes is still under debate and 
there are no standardised recommendations as with quantitative approaches. Therefore, 
the sample sizes included were based on several considerations and recommendations 
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from the scientific literature.79-85 Additionally, data collection and analysis supported 
data saturation according to the definition of Ravitch and Mittenfelner Carl.76 Themes 
were recurrently identified and confirmed across focus groups and interviews; the 
richness of the data allowed answering the research questions.

Some limitations of this dissertation should be acknowledged as well. 
First, concerning studies two and three (Chapters 3 and 4), although user 

involvement is recommended from the first idea of technology development,11 this 
thesis involved community-dwelling older persons from the mock-up stage. The 
decision was based on the following reasons: The research team aimed to develop an 
innovative PSAD which was not already available on the market in Switzerland; one 
that featured automatic alerting, invisible wear during day and night for several days, 
waterproof. Therefore, the participants were involved as soon as the PSAD idea was 
presentable in the form of a mock-up. Therefore, the openness regarding the kind of 
PSAD was not an option anymore and was thus communicated to the participants. In 
this way, community-dwelling older persons were successfully involved in developing a 
needs-driven prototype (Chapters 3 and 4). 

Second, a possible limitation might be that the PhD candidate was the main 
person responsible for data collection and analysis, which might have been influenced 
the trustworthiness (validity)76, 86 of the findings. To enhance the trustworthiness of this 
dissertation several methods were used: 
	Prolonged engagement enabled the researcher with the possibility to build 

trust with the field of investigation.86 The overall empirical data collection of this 
doctoral thesis lasted from July 2014 until December 2017 (Chapters 3 to 6). 

	Method of triangulation:76 (a) methodological triangulation, i.e. study diary 
participants (Chapter 4), fieldnotes (Chapters 3 to 6), research team diary 
(Chapters 4), focus groups (Chapters 3 to 6), interviews (Chapter 6), questionnaire 
(Chapters 3 to 6); (b) data triangulation, i.e. studies two and three included a 
number of different persons in the mock-up and prototype testing stages 
(Chapters 3 and 4); and (c) perspectival triangulation, i.e. to answer the research 
questions four different perspectives were included: community-dwelling older 
person, relatives, community nurses and GPs (Chapters 5 and 6). 

	Dialogic engagement:76 during data collection and particularly during analysis 
and interpretation, regularly critical discussions with the supervising team, peer 
exchange with PhD fellows (PhD programme, during conferences and during 
the 3 year participation in the European Academy of Nursing Sciences Summer 
School), with colleagues from the nursing science research unit and with a 
research colleague (PhD) from the field of nursing science and the topic ageing 
in place. In addition, data analysis and interpretation of studies four and five was 
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carried out in a close, critical and reflective way with a PhD fellow experienced 
in qualitative data analysis and with whom a prior collaboration from other 
qualitative research projects existed.  

Furthermore, to enhance the trustworthiness of the findings, the research process 
was critically pursued by documented (research diary) and a careful data collection, as 
well as a data analysis and interpretation process with regularly exchanges between 
authors and co-authors. In addition, the PhD candidate followed continuing reflexivity 
of the research process based on recommendations from the scientific literature,87, 88 
e.g. thoughts about what is unclear and what are possible reasons and explanations 
from different perspectives or which decision in which step (e.g. recruitment or data 
collection) was taken or modified. In addition, it should be noted that in qualitative 
research, trustworthiness represents a goal and a process, it can never be completely 
ensured.89 

Third, it is conceivable that a “full” grounded theory approach would have been an 
interesting methodological alternative for studies four and five (Chapters 5 and 6). This 
reflection is rooted in the fact that the two studies uncovered a process grounded in 
the data. Grounded theory is rooted in the symbolic interactionism and constructivism, 
which is particularly suitable for exploring beliefs and meanings of underlying actions 
and for investigating nonrational and rational aspects of behaviour.90, 91 However, this 
theoretical and philosophical perspective needs to be adopted beforehand, since the 
conduct of a grounded theory study is particularly characterized by the methods of 
theoretical sampling and constant comparison.91 Self-critically acknowledged, this 
alternative approach was recognised during the trajectory of this doctoral thesis. 
Studies two and three (Chapters 3 and 4), in accordance with the research questions, 
applied a content analysis approach to data analysis and interpretation. Coming 
to studies four and five, due to the explorative research questions, the nature of the 
collected data changed. The content analysis approach was experienced as limiting 
with regard to remaining thematically open and grasping the depth of the data. 
Therefore, the analytical and interpretative approach was adapted. On the other hand, it 
might be argued that this modification could also be considered as a strength, as it was 
recognised and transferred into action that the nature of the data required a different 
analysis method. The findings of the two studies show that the analytical adaptation 
was beneficial to grasping the essence of the data and to elucidating the underlying 
processes. 

Lastly, technology use itself might be shaped by a cultural context. Claßen92 
reported that generational technological imprinting can influence technology use. This 
suggests considering, for the interpretation of this thesis, that the findings result from 



184

Chapter 7

a generation born in the thirties/early forties of the 20th century. They are familiar with 
technologies to which they were exposed in this time. Exposure is also influenced by the 
professional activity or non-activity. Women of this generation were often responsible 
for managing the family and household. In addition, being exposed to a technology 
is also influenced by personal traits, attitudes and interests.92 This was also observed 
in this dissertation, which included both women and men. Some male participants 
expressed their dislike of technology and some women told us about their technical 
passion, which led them to learn how to deal with a computer, a smartphone and to use 
the internet. Therefore, trustworthiness of findings is also influenced by both contextual 
(generation) and personal aspects. 

To close this section, it should be stated that the PhD candidate’s lens on the world 
and approach to human inquiry is influenced by constructivist thinking. This lens was 
adopted during the PhD trajectory. “Relativism characterises the research endeavour 
rather than objective, unproblematic prescriptions and procedures. Research acts 
are not given; they are constructed. Viewing the research as constructed rather than 
discovered fosters researchers’ reflexivity about their actions and decisions”(p.13).91 
It means acknowledging subjectivity and the involvement of the researcher in the 
construction and interpretation of the data.91 An emphasis on “the world of experience 
as it is lived, felt, undergone by social actors”(p.236).93 Truth is the result of perspective, 
truth and knowledge are created and reality is pluralistic and shapeable.93

Implications

Based on the research presented in this doctoral thesis implications were drawn for 
research and practice. 

For research
This dissertation extends scientific knowledge by providing a comprehensive and 
multiperspective immersion into PSAD use and non-use of community-dwelling older 
persons. The principal contributions entail, on the one hand, new insights into the user 
involvement approach when developing a technology for ageing in place, using the 
case of a PSAD. On the other hand, it discloses the processes leading to decision making 
about PSAD use and non-use from the perspectives of community-dwelling older 
persons, relatives, community nurses and GPs. 
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A new and needs-driven PSAD
A new PSAD was developed by the research team, consisting of nursing researchers 
and engineers, together with community-dwelling older persons 75 years of age and 
older. The PSAD prototype comprised a body-worn sensor (bio-silicon) linked to a 
smartphone application (app) for the transmission of the alerting process. The sensor 
can be worn invisibly, during day and night, is waterproof, functions in- and outdoors 
and with integrated GP access. The alert will be automatically transmitted in case of a 
fall. Manual alerting is also possible. Three aspects concerning further research should 
be discussed.

First, the findings showed that older persons need clear and comprehensive 
information about the alerting process, particularly how it works and who is involved 
and who comes in the case of an alert. Hence, the alerting process was already an 
important topic during early PSAD development. Therefore, to obtain richer information 
about an optimal alerting process and clarify real-life feasibility issues (e.g. disposability 
or competence to react appropriately in an emergency situation), relatives and health 
professionals should be involved in the further PSAD development, since they are the 
preferred and trusted contacts of older persons during the alerting process.

Second, although the sensor was highly appreciated, the smartphone handling was 
a problem for most of the participants. Additionally, they felt limited in their perceived 
independence, as this PSAD prototype required having the smartphone within a range 
of about eight meters for reliable alert transmission. Therefore, further development and 
testing should consider, amongst other things, extending battery durations of sensor 
and smartphone. Additionally, this PSAD should be provided in different versions, by 
continuing the current version for those older persons who use a smartphone (can be 
also increasingly expected for upcoming generations). The suggestions are: 

a. To provide a technical alternative to the smartphone for reliable alert transmission 
covering of the whole apartment / house and, as the case may be, the garden, 
e.g. providing a home base station for the sensor;

b. Those with a home base station would need a solution for outdoors; either they 
can use a smartphone, or another device should be provided;

c. According to the participants, the optimal version would be to integrate the alert 
transmission process into the sensor, in order to use only one device; this might 
be a long-term aim, as it depends on the technological feasibility; It should be 
noted that this suggested version, one device, might be reminiscent of the PSAD 
watch, however, the participants emphasized that the characteristics of the 
sensor are preferable, since it is waterproof, invisibly worn, GPS equipped, high 
wearing-comfort both night and day and thus no need to remove it at night, 
which most older persons do with a watch.
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The need for different versions underscores that older persons prefer individualization 
in order to fit the PSAD to their capabilities, technical preferences and daily routines. 
However, a reliable PSAD supporting the safety of the older person should be wearable 
24 hours a day. 

 Third, a further implication should be the preparation of the market entrance 
of this PSAD, i.e. deciding about the business model and collaborating partners, e.g. 
community care organisations. 

User involvement approach  
The user involvement approach used indicated that considering needs and preferences 
of the target users enables development of a needs-driven PSAD. However, target users 
of a PSAD are not solely the older persons, but also relatives and health professionals, 
as they are particularly involved in the alerting process. In addition, the subsequent 
studies of this dissertation showed that they also play a crucial role in providing access 
to and information about PSADs. They are key players in the decision-making process 
of use and non-use and are involved in the coaching and re-evaluation of PSAD use. 
Therefore, their involvement in the development of the new PSAD would have been 
of added value in order to clarify early in the process their possible/feasible tasks and 
responsibilities. Further research should elucidate early on “who are the users” of the 
technology in its daily life application, i.e. older persons and/or relatives and/or other 
informal carers and/or formal carers (see also94). According to the recommendations of 
Shah et al.11, methods of involvement should be chosen in accordance with the target 
user and the development stage of the technology, e.g. brainstorm session, observation, 
cognitive walkthrough or expert users meeting.

Another aspect was that the involvement of the older persons did not occur from the 
beginning of PSAD development, as recommended by the applied framework.11 This was 
decided by the research team for appropriate reasons, particularly the previous decision 
to develop a technically specific PSAD in accordance with the available project budget 
as well as the technical expertise of the engineers. From the perspective of the research 
team this was not a disadvantage of the study, as the mock-up stage allowed them 
to receive precise feedback from the participants. This approach to user involvement 
shows that, in additional to the state of the technological development,11 other factors 
may influence the user involvement. Another factor might be earlier experiences of the 
users with the kind of technology under development, or the researcher’s experience 
applying a user involvement approach. Therefore, a user involvement framework should 
include this flexibility and suggest corresponding recommendations. 

Furthermore, there is the issue of “user-typology”. The findings of this thesis 
indicated that technology use can fluctuate over time, which is in line with the 



187

General Discussion

7

literature.40, 50-52 Therefore, acknowledging different user types allows for capturing “real-
life users”, meaning that all kinds of users can be included, even when they are hardly 
using a PSAD, or a technology. Particularly for nurses it is relevant to know a client’s 
user-type and thus have knowledge about the manner and frequency of use. With 
this, they can assess and figure out reasons for use behaviour and decide with the user 
about possible interventions. Therefore, based on the literature and the thesis findings, 
further research should develop (1) a suitable user typology for technology use and its 
assessment instrument in the context of ageing in place and (2) validate it with health 
professionals, older persons and relatives. 

Although various studies about user involvement11, 16, 27 and a large body of 
user-centred design literature exist,17, 21, 28 the perspective of health and nursing care 
research is still underrepresented in this regard. This can be considered a drawback, as 
terminologies, methods, experience-based user-involvement knowledge of research 
teams in the health and nursing sciences are not yet integrated. Further research 
should update and adapt a user involvement framework to the context of technology 
development related to ageing in place. This is important to provide guidance, among 
other things, on the following topics: added-value of user-involvement from the various 
user perspectives (e.g. older person, patient, informal caregiver, formal caregiver), 
shared values and understanding regarding user involvement, challenges from the 
different perspectives (research team and users) applying the user involvement 
approach, competences and skills necessary to carry out user involvement, factors for 
deciding about the target users to involve, deciding about the phases of involvement, 
methodological choices with related possible outputs, strategies to communicate 
and maintain relationship with the users and addressing later financing models of the 
technology under development.

Role perceptions of health professionals and relatives
The evidence generated by this thesis revealed that in the context of PSADs older 
persons and relatives needed the support of community nurses. This was particularly 
during the negotiating of PSAD use and non-use, for accessing devices, the provision 
of PSAD information and coaching and re-evaluation of PSAD use. However, only a 
minority of the community nurses involved were aware of their crucial role in enabling 
older persons to use a PSAD in daily life. 

Since GPs are hardly present in the home environment, they perceived their 
role as predominantly concerned with medication management for fall prevention, 
the identification of critical events, recommending a PSAD due to an assessment, 
connecting older persons and/or relatives with community nurses, and supporting 
recommendations towards an older person of relatives or community nurses regarding 
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PSAD use. GPs believed that they had hardly any influence on PSAD use, however, which 
was in contrast to some older persons and relatives. 

The relatives included in this thesis reported a clear role in the context of PSAD use 
of their parents. However, they were often driven by safety concerns about their parent/s 
leading to conflicting negotiation situations. Further, they experienced the access 
to PSADs as challenging and highly time-intensive. This situation shows that health 
professionals, particularly community nurses, should intervene and support relatives 
and older persons in the negotiation process as well as providing access to PSADs. 
Further research should explore the roles in more depth and clarify the competences, 
skills and responsibilities of community nurses, GPs and relatives in the context of PSAD 
use and non-use, specifically and technology use in general in connection with clients 
who want to age in place.

Technology use when ageing in place – a transition process?
The legitimation and negotiation processes disclosed that the idea of a PSAD often 
confronts the older person with their own ageing process. This means that the older 
person becomes “suddenly” aware of a possible need for assistance, which in turn 
challenges the current self/identity. Additionally, the findings showed that with PSAD 
use, a “stranger” might enter the apartment/house. Consequently, the private home 
becomes a public place. 

Hale et al.34 provide extensive research on older persons with increasing need 
for support in daily life and its impacts on the meaning of home, on the self and on 
informal caregivers. Coming from the field of social gerontology, they are using the term 
transition to denote changes in status and identity, in the process of becoming frailer and 
more dependent. In the field of health and nursing science, the term transition relates 
to the well-known transition theory from nursing research and practice particularly 
shaped by Meleis.95 Transition “is a process triggered by a change. Transitions are 
characterized by different dynamic stages, milestones and turning points and can be 
defined through processes and/or terminal outcomes”(p.11).95 This theory can be used 
to understand stressful responses to changes in human life which might be predictable 
or unpredictable. Transition theory research from the nursing sciences was conducted 
in the context of older adults in relation to care models, different settings of living, in the 
context of palliative care and hospitalization.95 To date, technology use when ageing in 
place does not appear as part of the transition theory research. However, in comparing 
the legitimation and negotiation processes with the definition of transition theory, 
it seems that the legitimation process might be rooted in a transition process on the 
part of the older person, whereas the negotiation process might benefit and draw on 
evidence-based nursing interventions from the transition theory. Since, the transitions 
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theory provides a comprehensive body of scientific knowledge,95 this evidence might 
be beneficial in the context of technology use when ageing in place. Therefore, further 
research should explore how the legitimation and negotiation process might benefit 
from this transition theory and subsequent consequences for nursing care, interventions, 
nursing research and nursing education/training. 

Theoretical models – further development and validation
This dissertation disclosed the legitimation and the negotiation processes in the 
context of PSAD use when ageing in place. Both processes allow us to understand what 
“is going on” when the idea of PSAD use appears (Figure 1). This knowledge is relevant 
for community nurses, to enable them to help with an informed decision about PSAD 
use and non-use together with older persons and relatives. Additionally, based on those 
processes, tailored interventions and support can be provided. GPs can extend their 
understanding and particularly integrate the assessment of critical events in their daily 
practice. However, further research should ascertain the applicability and transferability 
of both processes in Switzerland and other countries.  

Another research need was identified regarding technology acceptance/
adoption/explanation and prediction model research. The overview and comparison 
of technology acceptance/adoption variables from the literature compared with the 
influencing factors of PSAD use and non-use of this doctoral thesis (Table 1) should be 
considered as a deductive suggestion for further research. For example, in addressing 
the drawbacks of available acceptance models (Chapter 1) and adaptations for the 
health care context. Further research also should explore the possibilities of modifying 
technology acceptance/adoption models and to develop and validate a model suitable 
for the context of technology use when ageing in place.  

A complex intervention - enabling decision making and support
The legitimation and negotiation processes revealed the “knowing that” knowledge and 
established a scientific basis for enabling the exploration of “knowing how” knowledge. 
Thus, further research should identify the evidence for interventions and implement 
the legitimation and negotiation processes in the daily practice of community care. A 
nurse-led intervention should enable community nurses: 

	 to assess critical events, 
	 to introduce the idea of a PSAD to older persons and their relatives, 
	 to support older persons in their legitimation process, 
	 to facilitate PSAD use (e.g. providing information and access to PSADs for 

trying them out), 
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	 to enable older persons and their relatives to take an informed decision and, 
depending on the decision, 

	 to provide tailored support in the case of PSAD non-use and to coach and re-
evaluate PSAD use. 

In addition, the collaboration between community nurses and GPs as well as with 
the relatives should be clarified and implemented. Furthermore, different tools and 
instruments should be provided, e.g. assessment instruments for critical events, 
technology preferences or the perceived necessity of a PSAD from the perspective of 
the older persons, and information summarizing available PSADs with a description of 
functionalities and typical “situations” of use. 

Due to the nature of this comprehensive nurse-led intervention outlined, a 
complex intervention approach96 to its development should be suggested. This, 
because the complex intervention approach provides a stepwise, thoroughly and 
iterative guidance to intervention development, feasibility testing/piloting, evaluation 
and implementation. An intervention is defined as an activity or action which is carried 
out by a nurse or other health care professional or person of health care.96 The term 
complexity refers to an intervention made up of several components, acknowledges 
interpersonal relationships, takes into account context, and that the intervention works 
in the real-life of health care.96 

Integrated development and monitor studies
Lastly, the findings revealed that a multiperspective approach to technology  
development and implementation can be beneficial in gaining new knowledge 
and evidence for later technology use. Thus, new understanding could be identified 
regarding potential linkages and relationships. Therefore, more integrated development 
studies should be conducted for different kinds of technologies in the context of ageing 
in place from a multiperspective approach. This means: (1) applying a user involvement 
approach; (2) understanding the processes leading to use and non-use; (3) and identifying 
interventions needed for technology use. Furthermore, monitor studies of technology 
use in daily life should generate knowledge regarding the impact of technology on the 
older person and their informal caregivers, e.g. wellbeing, length of stay at home, care 
burden, fall prevalence or related costs when ageing in place. Establishing evidence 
regarding technology use when ageing in place provides transparency and arguments 
to “distribute” health care costs accordingly. 
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For practice
Qualitative research methodology does not aim for generalisability.76 But implications 
can be drawn for clinical practice by considering characteristics such as context, person, 
place, time, culture or sex.73 The characteristics named are defined by this dissertation 
and the respective individual studies. Therefore, by considering those characteristics 
the following implications for practice are suggested. 

PSAD use / non-use when ageing in place – a seminal case
Community care organizations and community nurses can learn from the various 
dimensions of technology use by using the example of PSAD. The legitimation 
process as well as the negotiation process show “what goes on” when older persons 
are confronted with the idea of PSAD use. Furthermore, the legitimation process 
underscores the importance that later use will be influenced by the perceived necessity 
of PSAD use from the older persons’ perspective. The negotiation process highlights 
the role of relatives in the decision-making process. It also emphasizes the role, tasks 
and responsibilities of community nurses towards the older person and their relatives. 
In addition, the negotiation process shows interfaces for collaboration with GPs, e.g. 
assessment of critical events or a possible influence on the decision-making process. 
This should be considered in daily practice. 

Furthermore, the findings might be significant for those community care 
organizations which aim to offer patient-tailored services. Thus, in utilising the findings, 
they might create a competitive advantage in the health care system. This could be 
achieved by providing access for older persons and relatives to PSADs for trying-out 
and by providing the service of being a contact person of the alerting process. 

Finally, gaining insight into the example of PSAD use and non-use, allows  
community care organizations to raise awareness regarding the current and seminal 
technology development in the context of ageing in place. It might enable them to reflect 
on how they want to anticipate and integrate this development in health and nursing care.

Technology use - role, skills competences and responsibilities
The dissertation’s findings pointed out that role uncertainty exists particularly among 
community nurses regarding competences, skills and responsibilities related to enabling 
and coaching PSAD use in older persons and their relatives. This finding seems relevant 
for community care managers and teaching institutions, as it indicates a need for further 
education of community nurses. Technologies are increasingly present in nursing care. 
The case of PSAD use and non-use revealed that, in line with their trustful relationship 
with the older persons, community nurses should play a more prominent role. In 
addition, community nurses are in close and regular contact with older persons and 
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know their living environment. In this regard, this thesis can be regarded as sensitizing 
to the fact that the community nurses require necessary knowledge not only about the 
technology, but also about how to enable decision making and technology use in older 
persons when they chose to age in place. 
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Mathilde

…Coming back to Mathilde, our lovely community-dwelling older lady. She has fallen twice since 
we met her last time and her gait appears to be hesitant. She holds a walking cane in one hand and 

has linked arms on the other side with her oldest daughter. Even though she seems satisfied, her 
facial expression shows that walking requires her effort and attention. Recently, Mathilde started to 
use a “Personal Safety Alerting Device” (PSAD), invisibly worn on her left arm, only activated upon 

manipulation by her. Her decision was preceded by intense negotiations over months with her children. 
They were concerned about her safety since she lived alone and due to her decreased stability of gait. Her 
very worried youngest daughter asked a community nurse to tell Mathilde what it takes to live safely at 

home in the community. They talked about emergency situations, fall prevention and how she can increase 
safe walking. Additionally, her general practitioner asked her to perform several exercises related to her gait 

and body balance and questioned her about her medication.

For a moment, Mathilde remembers, she felt invaded in her personal life by this increased attention 
around her person and even her daily activities. The PSAD is not bad. Indeed, it gives her rapid assistance 
when needed. However, it is still her decision, and she is still an independent woman and not senile. The 
months of negotiations were pivotal, since they allowed her to get the necessary information, to become 

aware of her increasing need for assistance and to test different devices before she “legitimised”  
herself to use it.   

But, there is still something Mathilde hasn’t told her family. Dying in her cosy apartment is her priority. 
She can’t imagine going into a nursing home. Additionally, she is convinced that never again will she put 
a foot in a hospital. This decision was already taken with her dear old friend Joy, when their husbands 

passed away.       

Mathilde realised with this “PSAD story” that lifelong learning is not only a saying, but an incontestable 
reality. She never thought that a PSAD could give her back the feeling of independence by simultaneously 
increasing her safety. She is very grateful for this, but also for her life. Nevertheless, her beloved husband 

has already left her. Once, Mathilde knows, it will be her turn. Life is colourful and changing,  
like “her” autumns. 



194

Chapter 7

References

1. Ahn, M., H.J. Kwon, and J. Kang, Supporting Aging-in-Place Well: Findings From a Cluster Analysis of the 
Reasons for Aging-in-Place and Perceptions of Well-Being. Journal of Applied Gerontology, 2017.

2. Gitlin, L.N., Conducting research on home environments: lessons learned and new directions. The 
Gerontologist, 2003. 43(5): p. 628-37.

3. Carpenter, D., et al. Patient Safety in the Home. 2017.

4. Hefny, A.F., A.K. Abbas, and F.M. Abu-Zidan, Geriatric fall-related injuries. African health sciences, 2016. 
16(2): p. 554-559.

5. Gill, T.M., et al., Association of injurious falls with disability outcomes and nursing home admissions in 
community-living older persons. Am J Epidemiol, 2013. 178(3): p. 418-25.

6. Hopewell, S., et al., Multifactorial and multiple component interventions for preventing falls in older people 
living in the community. Cochrane Database of Systematic Reviews, 2018. 7.

7. Heinbüchner, B., et al., Satisfaction and use of personal emergency response systems. Z Gerontol Geriatr, 
2010. 43.

8. Nyman, S.R. and C.R. Victor, Use of personal call alarms among community-dwelling older people. Ageing & 
Society, 2014. 34(1): p. 67-89.

9. McLean, P.A., Exploring older Adults’ Persceptions of the Utility and Ease of Use of Personal Emergency 
Response Systems, in Faculty in Nursing. 2016, CNUY Academic Works: New York.

10. Thilo, F.J.S., et al., Involvement of older people in the development of fall detection systems: a scoping review. 
BMC Geriatrics, 2016. 16(42).

11. Shah, S.G.S., I. Robinson, and S. AlShawi, Developing medical device technologies from users’ perspectives: A 
theoretical framework for involving users in the development process. International Journal of Technology 
Assessment in Health Care, 2009. 25(4): p. 514-521.

12. Thilo, F.J.S., et al., Involvement of the end user: exploration of older people’s needs and preferences for a 
wearable fall detection device – a qualitative descriptive study Patient Preference and Adherence 2017. 11: 
p. 11-22.

13. Thilo, F.J.S., et al., Usability of a wearable fall detection prototype from the perspective of older people–A real 
field testing approach. Journal of Clinical Nursing, 2018.

14. Thilo, F.J.S., et al., How older persons consider using a Personal Safety Alerting Device: a qualitative study 
submitted.

15. Thilo, F.J.S., et al., Advancing Personal Safety Alering Device Use of Older Persons - the Views of Relatives and 
Health Care Professionals. submitted.

16. Bridgelal Ram, M., P. Grocott, and H. Weir, Issues and challenges of involving users in medical device 
development. Health Expect, 2007. 11: p. 63-71.

17. De Vito Dabbs, A., et al., User-centered design and interactive health technologies for patients. Comput 
Inform Nurs, 2009. 27(3): p. 175-83.

18. Gulliksen, J., et al., Key principles for user-centred systems design. Behaviour and Information Technology, 
2003. 22(6): p. 397-409.

19. Kujala, S., User involvement: a review of the benefits and challenges. Behaviour & Information Technology, 
2003. 22(1): p. 1-16.

20. Damodaran, L., User involvement in the systems design process - A practical guide for users. Behaviour & 
Information Technology, 1996. 15(6): p. 363-377.

21. Abras, C., D. Maloney-Krichmar, and J. Preece, User-centered design. Bainbridge, W. Encyclopedia of 
Human-Computer Interaction. Thousand Oaks: Sage Publications, 2004. 37(4): p. 445-456.

22. Davis, F.D., R.P. Bagozzi, and P.R. Warshaw, User Acceptance of Computer Technology: A Comparison of Two 
Theoretical Models. Management Science, 1989. 35: p. 982-1003.

23. Stokke, R., The Personal Emergency Response System as a Technology Innovation in Primary Health Care 
Services: An Integrative Review. J Med Internet Res, 2016. 18(7): p. e187.



195

General Discussion

7

24. Doughty, K., R. Lewis, and A. McIntosh, The design of a practical and reliable fall detector for community and 
institutional telecare. Journal of Telemedicine and Telecare, 2000. 6: p. 150-154.

25. Chaudhuri, S., et al., Older Adluts’ Perceptions of Fall Detection Devices. Journal of Applied Gerontology, 
2015. 36(8): p. 915-930.

26. Arnstein, S.R., Ladder of Citizen Participation. Journal of the American Institute of Planners, 1969. 35(4): p. 
216-224.

27. Morrow, E., et al., Handbook of Service User Involvement in Nursing & Healthcare Research. 2012, West 
Sussex, UK: Wiley-Blackwell.

28. Vermeulen, J., et al., Experiences of Multidisciplinary Development Team Members During User-Centered 
Design of Telecare Products and Services: A Qualitative Study. Journal of Medical Internet Research, 2014. 
16(5): p. 238-248.

29. Romsland, G.I., K.L. Milosavljevic, and T.A. Andreassen, Facilitating non-tokenistic user involvement in 
research. Research Involvement and Engagement, 2019. 5(1): p. 18.

30. Eisma, R., et al., Early user involvement in the development of information technology-related products for 
older people. Universal Access in the Information Society, 2004. 3(2): p. 131-140.

31. Hahn, S., et al., Panorama Gesundheitsberufe 2030 Projektbericht, F.G. Berner Fachhochschule, angewandte 
Forschung und Entwicklung / Dienstleistung Pflege, Editor. 2013: Bern.

32. Lapierre, N., et al., The state of knowledge on technologies and their use for fall detection: A scoping review. 
International Journal of Medical Informatics, 2018. 111: p. 58-71.

33. Peek, S.T.M., et al., Older Adults’ Reasons for Using Technology while Aging in Place. Gerontology, 2016. 
62(2): p. 226-237.

34. Hale, B., P. Barret, and R. Gauld, The Age of Supported Independence in Voices of In-home Care. 2010, 
Springer: Dordrecht Heidelberg London New York. p. 149.

35. Lloyd, L., et al., Identity in the fourth age: perseverance, adaptation and maintaining dignity. Ageing & 
Society, 2014. 34(1): p. 1-19.

36. Stokke, R., Older People Negotiating Independence and Safety in Everyday Life Using Technology: Qualitative 
Study. J Med Internet Res, 2018. 20(10): p. e10054.

37. McKenna, A.C., et al., Purchasing and Using Personal Emergency Response Systems (PERS): how decisions are 
made by community-dwelling seniors in Canada. Bmc Geriatrics, 2015. 15.

38. Lai, C.K., et al., A survey of older Hong Kong people’s perceptions of telecommunication technologies and 
telecare devices. Journal of Telemedicine and Telecare, 2010. 16(8): p. 441-446.

39. Chaudhuri, S., H. Thompson, and G. Demiris, Fall Detection Devices and Their Use With Older Adults: A 
Systematic Review. J Geriatr Phys Ther, 2014.

40. Künemund, H. and N.M. Tanschus, The technology acceptance puzzle. Results of a representative survey in 
Lower Saxony. Z Gerontol Geriatr, 2014. 47(8): p. 641-7.

41. Venkatesh, V., et al., User acceptance of information technology: Toward a unified view. Mis Quarterly, 2003. 
27(3): p. 425-478.

42. Chen, K. and A.H. Chan, Gerontechnology acceptance by elderly Hong Kong Chinese: a senior technology 
acceptance model (STAM). Ergonomics, 2014. 57(5): p. 635-52.

43. Bagozzi, R.P., The Legacy of the Technology Acceptance Model and a Proposal for a Paradigm Shift. Journal of 
the Association for Information Systems, 2007. 8(4).

44. Connelly, K., et al., Approaches to Understanding the Impact of Technologies for Aging in Place: A Mini-
Review. Gerontology, 2014. 60(3): p. 282-288.

45. Lorenzen Huber, L., et al., Aging in intra-and intergenerational contexts: the family technologist, in 
Gerontechnology : Research, Practice, and Principles in the Field of Technology and Aging  S. Kwon, Editor. 
2017.

46. Mostaghel, R., Innovation and technology for the elderly: Systematic literature review. Journal of Business 
Research, 2016. 69(11): p. 4896-4900.

47. Schulz, R., et al., Advancing the Aging and Technology Agenda in Gerontology. Gerontologist, 2015. 55(5): p. 
724-734.



196

Chapter 7

48. Baumer, E.P.S., et al., On the Improtance and Implications of Studying Technology Non-Use. INTERACTIONS, 
2015. 22(March + April): p. 52-6.

49. Satchell, C. and P. Dourish, Beyond The User: Use and Non-Use in HCI, in OZCHI. 2009: Melbourne.

50. Yousafzai, S.Y., G.R. Foxall, and J.G. Pallister, Technology acceptance: a meta‐analysis of the TAM: Part 2. 
Journal of Modelling in Management, 2007b. 2(3): p. 281-304.

51. Alexandre, B., et al., Acceptance and acceptability criteria: a literature review. Cognition, Technology & 
Work, 2018. 20(2): p. 165-177.

52. Seifert, A. and H.R. Schelling, Alt und offline? Befunde zur Nutzung des Internets durch Menschen ab 65 
Jahren in der Schweiz. Zeitschrift für Gerontologie und Geriatrie, 2016. 49(7): p. 619-25.

53. Rogers, E.M., Diffusion of Innovations. 5th ed. ed. 2003, New York, USA: The Free Press.

54. Vishwanath, A. and G.A. Barnett, The Diffusion of Innovations A Communication Science Perspective, ed. A. 
Vishwanath and G.A. Barnett. 2011, New York: Peter Lang.

55. Grol, R. and M. Ouwens, Planning of change implementation, in Improving Patient Care, R. Grol, et al., 
Editors. 2013, Wiley Blackwell BMJ Books: Oxford.

56. Johnston, K., K. Grimmer-Somers, and M. Sutherland, Perspectives on use of personal alarms by older fallers. 
Int J Gen Med, 2010. 3: p. 231-7.

57. Peek, S.T.M., et al., Origins and consequences of technology acquirement by independent-living seniors: 
towards an integrative model. Bmc Geriatrics, 2017. 17.

58. Dahms, R. and M. Haesner, Akzeptanz von Informations- und Kommunikationstechnologien bei Senioren. 
Prävention und Gesundheitsförderung, 2018. 13(1): p. 46-52.

59. Luijkx, K., S. Peek, and E. Wouters, “Grandma, You Should Do It—It’s Cool” Older Adults and the Role of Family 
Members in Their Acceptance of Technology. International Journal of Environmental Research and Public 
Health, 2015. 12(12): p. 15470-15485.

60. Peek, S.T.M., et al., Factors influencing acceptance of technology for aging in place: a systematic review. Int J 
Med Inform, 2014. 83(4): p. 235-48.

61. Waights, V., P.D. Bamidis, and R. Almeida, Technologies for care – the imperative for upskilling carers, in 
Northern Ireland Assembly Knowledge Exchange Seminar Series (KESS). 2018. p. 2017-8.

62. de Veer, A.J., et al., Successful implementation of new technologies in nursing care: a questionnaire survey of 
nurse-users. BMC Medical Informatics and Decision Making, 2011. 11(1): p. 67.

63. The Queen’s Nursing Institute Nursing in the Digital Age - Using technology to support patients in the home. 
2018.

64. Nieboer, M.E., et al., Professional values, technology and future health care: The view of health care 
professionals in The Netherlands. Technology in Society, 2014. 39: p. 10-17.

65. Risling, T., Educating the nurses of 2025: Technology trends of the next decade. Nurse education in practice, 
2017. 22: p. 89-92.

66. Wiles, J.L., et al., The Meaning of “Aging in Place” to Older People. The Gerontologist, 2012. 52(3): p. 357-366.

67. Roy, N., et al., Choosing between staying at home or moving: A systematic review of factors influencing 
housing decisions among frail older adults. PLoS ONE, 2018. 13(1).

68. Stones, D. and J. Gullifer, ‘At home it’s just so much easier to be yourself’: older adults’ perceptions of ageing 
in place. Ageing & Society, 2016. 36(3): p. 449-481.

69. Jarling, A., et al., Becoming a guest in your own home: Home care in Sweden from the perspective of older 
people with multimorbidities. International Journal of Older People Nursing, 2018. 13(3): p. e12194.

70. Fishbein, M. and I. Ajzen, Belief, attitude, intention and behavior: An introduction to theory and research, ed. 
D. Mills. 1975, New York: Addison Wesley.

71. Fishbein, M. and I. Ajzen, Predicting and Changing Behavior: The Research Action Approach. 2010, New 
York, USA: Taylor & Francis.

72. Ajzen, I., The Theory of Planned Behavior. Organizational Behavior and Human Decision Processes, 1991. 
50(2): p. 179-211.

73. Munhall, P.L., Nursing Research A Qualitative Perspective. 5 ed. 2012, Ontario: Jones & Bartlett Learning.

74. Klenow, D.J., Qualitative methodology: A neglected resource in nursing research. Research in Nursing & 
Health, 1981. 4(3): p. 281-282.



197

General Discussion

7

75. Risjord, M., Nursing Knowledge. 2010, Oxford, Iowa: Wiley-Blackwell.

76. Ravitch, S.M. and N. Mittenfelner Carl, Qualitative Research - Bridging the Conceptual, Theoretical, and 
Methodological, ed. S.M. Ravitch and N. Mittenfelner Carl. 2016, Thousand Oaks, London, New Delhi, 
Singapore: SAGE.

77. Meleis, A.I., Theoretical Nursing, Development & Progress. 5 ed. 2012, Philadelphia: Wolters Kluwer, 
Lippincott, Williams & Wilkins.

78. McKenna, H., Nursing Theories and Models. 1997, London and New York: Routledge 

79. Tashakkori, A. and C. Teddlie, SAGE Handbook of Mixed Methods in Social & Behavioral Research. 2 ed, ed. A. 
Tashakkori and C. Teddlie. 2010, Oaks: SAGE.

80. Krueger, R.A. and M.A. Casey, Focus Groups A Practical Guide for Applied Research. 2009, London: SAGE.

81. Mason, M. Sample Size and Saturation in PhD Studies Using Qualitative Interviews. 2010. 11.

82. Guest, G., A. Bunce, and L. Johnson, How many interviews are enough? An experiment with data saturation 
and variability. Field Methods, 2006. 18(1): p. 59-82.

83. Faulkner, L., Beyond the five-user assumption: Benefits of increased sample size in usability testing. Behavior 
Research Methods, Instruments, and Computers, 2003. 35(3): p. 379-83.

84. Jayasekara, R.S., Focus groups in nursing research: Methodological perspectives. Nursing Outlook, 2012. 
60(6): p. 411-416.

85. Stewart, D. and P. Shamdasani, Focus Groups. Theory And Practice. 3 ed. 2015, Los Angeles: SAGE.

86. Lincoln, Y.S. and E.G. Guba, Naturalistic Inquiry. 1985, Newbury Park: SAGE Publications.

87. Engward, H. and G. Davis, Being reflexive in qualitative grounded theory: discussion and application of a 
model of reflexivity. J Adv Nurs, 2015. 71(7): p. 1530-8.

88. Birks, M., Y. Chapman, and K. Francis, Memoing in qualitative research: Probing data and processes. Journal 
of Research in Nursing, 2008. 13(1): p. 68-75.

89. Cho, J. and A. Trent, Validity in qualitative research revisited. Qualitative Research, 2006. 6(3): p. 319-340.

90. Corbin, J. and A. Strauss, Basics of Qualitative Research - Techniques and Procedures for Developing 
Grounded Theory. 4 ed. 2015, Los Angeles: SAGE.

91. Charmaz, K., Constructing Grounded Theory. 2 ed. 2014, Los Angeles: SAGE.

92. Claßen, K., Zur Psychologie von Technikakzeptanz im höheren Lebensalter: Die Rolle von Technikgenerationen, 
in Fakultät für Verhaltens- und Empirische Kulturwissenschaften. 2012, Ruprechts-Karls-Universität 
Heidelberg: Heidelberg.

93. Schwandt, T.A., Constructivist, interpretivist approaches to human inquiry, in Handbook of qualitative 
research, N.K. Denzin and Y.S. Lincoln, Editors. 1994, Sage Publications, Inc.: Thousand Oaks, CA, US.

94. Shah, S.G.S. and I. Robinson, Medical device technologies: who is the user. Int. J. Healthcare Technology and 
Management, 2008. 9(2): p. 181-197.

95. Meleis, A.I., Transitions Theory, Middle -Range and Situation-Specific Theories in Nursing Research and 
Practice. 2010, New York: Springer Publishing Company.

96. Richards, D.A. and I.R. Hallberg, Complex Interventions in Health - an overview of research methods. 2015, 
Cornwall: Routledge.





Chapter 8

Summary
Samenvatting
Valorisation
Acknowledgements
About the author
List of p ublications





201

8

Summary

Summary

The safety of older persons has been identified as a crucial component of ageing in 
place.1  In particular, long-lies after a fall jeopardize the safety of community-dwelling 
older persons.2-5 Therefore, Personal Safety Alerting Devices (PSAD) are recommended 
to support safe ageing in place. 

Unfortunately, older persons are still reluctant to use PSADs.6-9 Although a majority 
of older persons view PSADs favourably; only a minority of older persons actually use 
them.10, 11 Suggested technology acceptance models exhibit several limitations, e.g.: 
technology acceptance may fluctuate over time, which is not taken into account;12 
do not include the step of adoption of a technology;13 omits potential user’s attitude 
towards a technology;14 are not yet sufficiently empirically adapted to the context of 
community-dwelling older persons;15, 16 the scientific literature indicates that technology 
acceptance models should be adapted to the health care context.17 

Thus, research focusing on PSAD use and non-use would benefit from an inductive 
approach to enable new insights into determinants and related processes of acceptance/
adoption/use. Additionally, little is known about the perspective of relatives, community 
nurses and general practitioners, who are both pivotal for ageing in place and PSAD 
use and non-use in daily life. Lastly, to date, it is unclear how PSAD use and non-use 
is viewed and affected by community-dwelling older persons, relatives, community 
nurses and general practitioners. 

Therefore, it is essential to gain a meaningful understanding of processes and 
factors influencing PSAD use and non-use in older persons from the key stakeholders 
of ageing in place, i.e. older persons, their relatives, community nurses and General 
Practitioners (GPs). 

The overall objective of this doctoral thesis is to investigate the PSAD use and 
non-use of community-dwelling older persons from a multi-perspective approach. The 
thesis aims to extend current knowledge by providing a deeper understanding and 
insight into user involvement during PSAD development, as well as reasons, thoughts, 
motives and influencing factors of PSAD use and non-use from the perspectives of older 
persons, relatives, community nurses and general practitioners. Therefore, the following 
research questions are addressed: 

1.  What is the nature and extent of user involvement of people 65 years of age and 
older, in the development, testing and/or evaluation of fall detection systems? 
(Chapter 2)



202

Chapter 8

2.  What are the needs and preferences of community-dwelling older people 
regarding a wearable fall detection sensor and its smartphone application during 
the design and mock-up stage? (Chapter 3)

3.  What is the usability of a wearable, waterproof, automatically alerting, fall 
detection prototype, according to the community-dwelling older persons 
involved? (Chapter 4)

4.  What are the reasons, thoughts, motives and influencing factors regarding the 
use and non-use of a PSAD in daily life from the perspective of community-
dwelling older persons? (Chapter 5)

5.  What are the reasons for the PSAD use and non-use among community-dwelling 
older persons according to relatives, nurses and GPs? In what situations are 
PSADs used or not used by community-dwelling older persons according to 
relatives, nurses and GPs? What is the involvement of relatives, nurses and GPs in 
the use and non-use of PSADs? (Chapter 6)

This dissertation applied a predominantly qualitative methodological approach 
and comprises five studies, described in Chapters 2 to 6.   

In Chapter 2, the first study,18 a scoping review of the scientific literature identified 
the state of research from 2004 to 2014 involving older persons in the development of 
PSADs. The aim was to describe the nature and extent of user involvement of people 
65 years of age and older in the development, testing and/or evaluation of PSADs. The 
nature of involvement focused on two elements: (1) general aspects of the literature 
involving older persons, e.g. kind of PSAD, sample size or length of time involved, as 
well as on (2) descriptive characteristics of the involved older persons involved, e.g. age, 
gender, state of health or fall risk. The extent of user involvement referred to the focus 
(A) and stage(s) of involvement (B). The focus of involvement was divided into technical 
aspects, e.g. simulation or performance of activities of daily living, and usability aspects 
from the point of view of older persons. To scrutinize the stage(s) of involvement (B), 
the literature included was sorted according to the four development stages of the 
theoretical framework “medical device technology development process” from Shah et 
al.19 The scoping review included a total of 53 studies and showed that older persons 
are mostly involved in one or two stages of PSAD development, namely during the 
stages prototype design and/or testing. The focus of the developers was predominantly 
on technical aspects, for instance algorithm development. This study revealed that 
little attention has been given to the views, needs, preferences or practical aspects of 
usefulness in the daily life of older persons. 

The second and third study were set up based on the basis of the mentioned 
theoretical framework of Shah et al.,19 to develop an innovative PSAD, a wearable sensor 
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linked to a smartphone application (app). 
Chapter 3, the second study,20 involved a total of 22 community-dwelling older 

persons in the device design and mock-up development. The participants welcomed 
the idea of this sensor, which is waterproofed, and automatically and manually alerting 
in case of a fall. The sensor was well accepted regarding to its weight and material. 
The preferences regarding size, shape and colour were specified. The participants 
emphasized their need for reliable alert functioning and that this should, however, be 
prioritized above size and shape. In addition, the findings showed that the idea of using 
a smartphone for automatically reliable fall detection and alerting evoked some general 
scepticism, but participants mentioned that future generations will probably be able to 
deal with a smartphone. Based on these insights, a “need-driven” PSAD prototype was 
developed. 

Chapter 4, the third study,21 investigated the prototype’s usability in a real field 
testing trial. A total of 15 community-dwelling older persons tested this prototype 
in daily living over a period of nine days. The findings yielded positive aspects and 
aspects requiring improvement. The participants underlined the high wearing comfort 
and a sensor that was easy to handle and recharge. However, it was found that the 
sensor would need a longer battery duration in order to extend the wearing time. The 
manipulation of the app was clear and easy and being located via GPS was a preference 
of all. In contrast, the alerting process and the choice of contact persons as well as their 
related tasks were identified as complex, e.g. who to choose or availability of contact 
persons. The use of the smartphone was criticised for requiring too much effort and 
training to learn how to handle. In addition, the participants agreed that its battery life 
was insufficient and the reliable distance between smartphone and wearable sensor 
not practicable in daily life. The participants suggested different versions of this type of 
PSAD, i.e. one without a smartphone, as the wearable sensor was highly appreciated. 
Furthermore, the study revealed that the integration of a PSAD in daily life goes beyond 
technical requirements, in terms of habits and personal preferences, e.g. modification of 
daily routines, maintenance of independent living or the roles of relatives and healthcare 
professionals particularly in the alerting process.  

Chapter 5, the fourth study,22 addressed the broader context and investigated 
reasons thoughts, motives and influencing factors regarding the PSAD use and non-
use of community-dwelling older persons. The exploration of thirty-two older persons 
perspectives revealed that the decision to use or not to use results from a “legitimation 
process”. The participants highlighted the need to perceive the necessity of using 
a PSAD. The decision to use or not to use involves an interplay of the aging self, e.g. 
dealing with age-related changes, and with the person’s perception of technology, e.g. 
technology experience. The legitimation process is triggered by a critical event, e.g. a 
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fall or deterioration of health, which causes the person to reflect on her/his own safety 
and possible need for assistance as well as the right moment to start using it. As times 
goes on, depending upon new critical events occurring in daily life, another cycle of the 
legitimation process may be re-initiated.

Chapter 6, the fifth study,23 explored relatives’, community nurses’ and GPs’ 
perspectives and experiences in decision making around PSAD use and non-use in the 
daily life of community-dwelling older persons to enable a comprehensive insight into 
PSAD use and non-use. Altogether, 33 relatives, 34 community nurses and eleven GPs 
were interviewed. The participants disclosed that they were involved in a longer lasting 
negotiation process comprising three major phases: A) waiting for a critical event in 
an older persons’ everyday life; B) introducing the idea of a PSAD; C) deciding about 
and supporting PSAD use. The process was characterized by a balancing of care with 
independence. Whereas all participants perceived a need to care for the older person by 
suggesting the use of a PSAD, the older person mostly experiences this suggestion as a 
threat to losing her/his independence as an adult. The study suggests that an informed 
decision for PSAD use or non-use requires a negotiation process which is iterative, 
complex and time-intensive. Relatives and community nurses are predominantly 
involved, although GPs may positively influence the decision making. While community 
nurses play a crucial role, they seem not sufficiently prepared to provide comprehensive 
PSAD counselling.

Chapter 7 provides a summary and discussion of the main findings resulting from 
this dissertation. Subsequent theoretical considerations regarding the PSAD use and 
non-use knowledge gained through this doctoral thesis are integrated, discussed in the 
context of technology acceptance / adoption models from the scientific literature and a 
theoretical model of the dissertation findings is suggested. Moreover, methodological 
considerations regarding the predominantly qualitative methodological approach of 
this doctoral thesis are presented. The chapter closes with implications for research and 
practice. 

Chapter 8, Finally, possibilities for valorisation of the knowledge that was gained 
throughout this doctoral thesis are explored. 
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Thuis, veilig oud worden
Geleerde lessen uit onderzoek inzake het wel 

of niet gebruiken van persoonlijke valalarmsystemen

Binnen het principe van “ageing-in-place”, d.w.z. het in de eigen woonomgeving oud 
worden, neemt de veiligheid van ouderen een centrale plaats in. Als ouderen lang op 
de grond blijven liggen na een val, is dat funest voor hun veiligheid. Ter ondersteuning 
van het veilig oud worden in de eigen woonomgeving wordt derhalve het gebruik 
van persoonsgebonden valalarmsystemen (Personal Safety Alerting Devices, PSADs) 
aanbevolen. 

Niettemin blijven ouderen terughoudend in het gebruik ervan. Weliswaar heeft 
het leeuwendeel van de ouderen een positief beeld van PSADs, toch gebruiken velen 
ze niet. De huidige theoretische modellen over de acceptatie van technologische 
hulpmiddelen vertonen op dit gebied verschillende beperkingen. Zo kan de acceptatie 
van technologische hulpmiddelen door de tijd heen variëren, hetgeen vaak niet is 
verdisconteerd. Ook ontbreekt veelal het adoptiestadium en laten de modellen de 
attitude ten opzichte van technologie bij de beoogde gebruiker buiten beschouwing. 
Ook is hun empirische aanpassing aan de context van zelfstandig wonende ouderen tot 
dusverre ontoereikend en moeten de huidige modellen voor acceptatie van technologie 
volgens de wetenschappelijke literatuur beter aangepast worden aan de context van de 
gezondheidszorg. 

Onderzoek naar het wel of niet gebruiken van PSADs zou daarom gebaat zijn 
bij een inductieve benadering gericht op het verkrijgen van nieuwe inzichten in 
bepalende factoren en aanverwante processen met betrekking tot acceptatie, adoptie 
en gebruik. Er is daarnaast ook weinig kennis over het perspectief van verwanten, 
wijkverpleegkundigen en huisartsen, die zowel bij het ageing-in-place fenomeen 
als m.b.t. het gebruik van PSADs in het dagelijks leven een cruciale rol spelen. Tot nu 
toe is het immers onduidelijk hoe zelfstandig wonende ouderen, hun verwanten, 
wijkverpleegkundigen en huisartsen het wel of niet gebruiken van PSAD's beoordelen 
en beïnvloeden. Het is daarom belangrijk om van hen een goed begrip te verkrijgen van 
de processen en factoren die het wel of niet gebruiken van PSADs door ouderen mede 
bepalen. 
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Dit proefschrift beoogt daarom om vanuit een pluriform perspectief het wel of 
niet gebruiken van PSADs door zelfstandig wonende ouderen te onderzoeken. Het 
doel is nadrukkelijk kennisverrijking, door het bieden van meer inzicht in de rol die 
gebruikers spelen bij de ontwikkeling van PSADs, alsmede het verschaffen van inzicht 
in de argumenten, gedachten, motieven en factoren, die van invloed zijn op het wel of 
niet gebruiken van PSADs.
De volgende onderzoeksvragen komen hierbij aan bod: 

1.  In hoeverre en in welke mate zijn 65-plussers betrokken bij het ontwikkelen, 
testen en beoordelen van valdetectiesystemen? (Hoofdstuk 2)

2.  Welke behoeften en voorkeuren bestaan er onder zelfstandig wonende ouderen 
t.a.v. draagbare valdetectiesensoren en de gerelateerde smartphone-applicaties 
tijdens het ontwerp- en proefstadium? (Hoofdstuk 3)

3.  Hoe gebruiksvriendelijk is een draagbaar, waterbestendig en automatisch 
waarschuwend prototype voor valdetectie volgens zelfstandig wonende 
ouderen die het gebruiken? (Hoofdstuk 4)

4.  Welke argumenten, gedachten, motieven en factoren zijn van invloed op het wel 
of niet gebruiken van PSADs in het dagelijks leven vanuit het gezichtspunt van 
zelfstandig wonende ouderen? (Hoofdstuk 5)

5.  Welke redenen voeren zelfstandig wonende ouderen aan voor het wel of niet 
gebruiken van PSADs volgens hun verwanten, verpleegkundigen en huisartsen? 
Wat zijn de omstandigheden waaronder zelfstandig wonende ouderen PSADs al 
dan niet gebruiken volgens hun verwanten, verpleegkundigen en huisartsen? 
Hoe zijn verwanten, verpleegkundigen en huisartsen betrokken bij het wel of 
niet gebruiken van PSADs? (Hoofdstuk 6)

De in dit proefschrift gekozen methodologische benadering is overwegend kwalitatief 
van aard en omvat vijf studies, die in hoofdstuk 2 t/m 6 zijn beschreven.   

Hoofdstuk 2, de eerste studie, biedt een overzicht van de wetenschappelijke 
literatuur over de stand van zaken in het onderzoek naar de betrokkenheid van 
ouderen bij de ontwikkeling van PSADs tussen 2004 en 2014. Dit geschiedt aan de 
hand van een scoping review. Dit hoofdstuk beschrijft op welke wijze en in welke mate 
65-plussers betrokken waren bij het ontwikkelen, testen en beoordelen van de PSADs 
die zij zouden gaan gebruiken. Twee punten blijken van belang voor de wijze van 
betrokkenheid: (1) de algemene kenmerken van de studies zelf, zoals het design, het 
type PSAD, de steekproefgrootte of de periode van betrokkenheid én (2) de kenmerken 
van de betrokken ouderen zelf, waaronder hun leeftijd, geslacht, gezondheidstoestand 
of valrisico. Onder de mate van betrokkenheid vielen de focus (A) en het stadium 
(B) van betrokkenheid van de gebruiker. De focus van hun betrokkenheid betrof 
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ofwel technische elementen zoals simulatie of uitoefening van activiteiten uit het 
dagelijks leven, ofwel de gebruiksvriendelijkheid voor ouderen. Bij het te bestuderen 
stadium van betrokkenheid werd de gebruikte literatuur onderverdeeld in de vier 
ontwikkelingsstadia van het theoretisch kader zoals geboden door Shah et al. genaamd 
“medical device technology development process” [ontwikkelproces van technologie 
voor medische apparatuur]. De 53 onderzoeken binnen de scoping review toonden 
aan dat ouderen voornamelijk betrokken werden in een of twee ontwikkelingsstadia 
van PSADs, te weten het ontwerp van prototypen en/of de testfase. Hierbij richtten 
de ontwikkelaars zich veelal op technische elementen zoals de ontwikkeling van 
algoritmen. Verder bleek ook dat de eigen opvattingen, behoeften, voorkeuren of 
praktische situatie van ouderen slechts een geringe rol speelden in het bepalen van de 
bruikbaarheid in het dagelijks leven. 

De structuur van het tweede en derde onderzoek volgde opnieuw het al genoemde 
theoretische kader van Shah et al. en dit werd toegepast bij de ontwikkeling van een 
innovatieve PSAD: een draagbare sensor die aan een smartphone-applicatie (app) is 
gekoppeld. 

Hoofdstuk 3, In de tweede studie, waren 22 zelfstandig wonende ouderen 
betrokken bij het ontwerp en de ontwikkeling van een testapparaat. Het concept van 
de betreffende waterbestendige sensor, die een automatisch of handmatig gestuurd 
alarm afgeeft bij een val, bleek waardevol bevonden te worden. Ook het gewicht en 
het materiaal van de sensor werden als goed beoordeeld. De deelnemers gaven ook 
nog enige voorkeuren aan ten aanzien van grootte, vorm en kleur. Veel belangrijker dan 
grootte en vorm was evenwel de betrouwbare werking van het alarm. Hoewel uit deze 
studie opnieuw bleek dat de deelnemers in het algemeen nog bedenkingen hadden 
bij het concept van een smartphone voor betrouwbare detectie en automatische 
alarmering bij een val, gaven de deelnemers te kennen dat het gebruik van een 
smartphone voor de volgende generaties waarschijnlijk helemaal geen probleem 
meer zou zijn. Naar aanleiding van de vergaarde informatie werd een op behoeften 
gebaseerd PSAD-prototype ontwikkeld. 

Hoofdstuk 4, De derde studie, betrof een realistische praktijktest om de 
gebruiksvriendelijkheid van het prototype te beoordelen. Gedurende negen dagen 
testten 15 zelfstandig wonende ouderen dit prototype in hun dagelijks leven. Uit deze 
proef kwamen zowel positieve punten als verbeterpunten naar voren. Enkele positieve 
aspecten waren het draagcomfort, het gebruiksgemak en het eenvoudig opladen van 
de sensor. Het bleek echter nodig de levensduur van de batterij te verlengen teneinde 
de sensor langer te kunnen dragen. Men was ook tevreden over de duidelijke en 
gemakkelijke bediening van de app en de wijze van lokalisatie via gps. Daarentegen 
vond men het activeren van het alarmproces, het kiezen van de juiste contactpersonen 
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en hun aanverwante handelingen ingewikkeld. Ook kostte het de deelnemers veel 
moeite om de smartphone goed te leren bedienen. Men had verder kritiek op de 
ontoereikende levensduur van de batterij en men stipte de praktische onbruikbaarheid 
aan van de noodzaak om steeds een betrouwbare afstand tussen de smartphone en 
de draagbare sensor aan te moeten houden. De deelnemers waren met name zeer 
enthousiast over de draagbare sensor, en stelden derhalve een alternatieve versie van 
deze PSAD voor zonder smartphone. Uit de studie bleek overduidelijk dat niet alleen 
technische eisen een rol spelen bij de toepassing van PSADs in het dagelijks leven, maar 
ook gewoonten en persoonlijke voorkeuren zoals het aanpassen van dagelijkse routines, 
het zelfstandig kunnen blijven wonen of de inbreng van verwanten en zorgverleners in 
met name het alarmeringsproces.  

Hoofdstuk 5, De vierde studie, beschrijft de bredere context alsook de 
argumenten, gedachten, motieven en factoren die het wel of niet gebruiken van 
PSADs door zelfstandig wonende ouderen beïnvloeden. Door onderzoek van de 
gezichtspunten van 32 ouderen bleek dat een “legitimeringsproces” ten grondslag 
ligt aan de keuze om een PSAD wel of niet te gebruiken. De deelnemers benadrukten 
dat de noodzaak van PSAD-gebruik eerst moest worden ervaren. Of zij besloten om 
een PSAD al dan niet te gebruiken, hing af van het samenspel tussen de persoonlijke 
omgang met ouderdomsverschijnselen en de individuele ervaring met technologie. 
Het legitimeringsproces begint door een significante gebeurtenis zoals een val of een 
achteruitgang in de gezondheid, als gevolg waarvan mensen gaan nadenken over hun 
eigen veiligheid, de eventuele behoefte aan hulpverlening en het juiste moment om 
tot gebruik over te gaan. Na verloop van tijd kan het legitimeringsproces ook weer 
opnieuw plaatsvinden, afhankelijk van nieuwe significante gebeurtenissen die in het 
dagelijks leven plaatsvinden.

Hoofdstuk 6, In de vijfde studie, werden de gezichtspunten en ervaringen m.b.t. de 
besluitvorming omtrent het wel of niet gebruiken van PSADs door zelfstandig wonende 
ouderen geëxploreerd bij verwanten, wijkverpleegkundigen en huisartsen. Er vonden 
gesprekken plaats met in totaal 33 verwanten, 34 wijkverpleegkundigen en 11 huisartsen. 
Volgens de deelnemers waren zij betrokken in een langduriger onderhandelingsproces 
met drie hoofdstadia: A) wachten op een significante gebeurtenis in het dagelijks leven 
van ouderen, B) het concept van PSAD-gebruik opperen en C) het besluiten tot én 
ondersteunen van het PSAD-gebruik. Kenmerkend voor dit proces was het afwegen 
van (aan te bieden) zorg en zelfstandigheid. Alle deelnemers waren zich weliswaar 
bewust van de noodzaak tot goede zorg voor ouderen door het gebruik van een 
PSAD voor te stellen, maar de meeste ouderen ervaren dit idee niettemin vaak als een 
dreigend verlies van eigen zelfstandigheid. Duidelijk is dat een herhaald, ingewikkeld 
en tijdrovend onderhandelingsproces nodig is voor het maken van een weloverwogen 
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keuze voor het wel of niet gebruiken van een PSAD. Hoewel hierbij vooral verwanten en 
wijkverpleegkundigen betrokken zijn, kunnen huisartsen zeker een positieve invloed 
op de besluitvorming hebben. Wijkverpleegkundigen spelen dus zeker een cruciale rol, 
maar zij lijken vooralsnog onvoldoende voorbereid om het gebruik van PSADs integraal 
te begeleiden.

Hoofdstuk 7 bevat een samenvatting en een bespreking van de belangrijkste 
uitkomsten van dit proefschrift. In het hoofdstuk wordt de nieuw verworven kennis 
over het wel of niet gebruiken van PSADs geïntegreerd in de bestaande literatuur 
van modellen voor de acceptatie en adoptie van technologie. Ook wordt een 
theoretisch model van de uitkomsten van het proefschrift voorgesteld. Verder komen 
methodologische overwegingen omtrent de voornamelijk kwalitatieve aanpak van dit 
proefschrift aan de orde en tenslotte ook de implicaties voor nieuw onderzoek en de 
praktijk. 

Hoofdstuk 8 beschrijft de valorisatie van de in dit proefschrift verworven kennis. 
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Valorisation

The chapter valorisation makes available for social and economic use the scientific 
findings that emerged from this doctoral thesis. Lessons learned are deduced from 
the multi-perspective immersion into the use and non-use of Personal Safety Alerting 
Devices (PSAD) in community-dwelling older persons for the respective target groups. 
Furthermore, activities and products resulting from this dissertation are described and 
the innovation potential of the research conducted research is discussed. 

Relevance
This doctoral thesis addresses the challenge of technology use and non-use in 
community-dwelling older persons, based on the case of PSADs, from a multiperspective 
approach. 

Ageing societies are a common issue on political and health care agendas across the 
globe.1 One focus of this agenda is on “ageing in place”, which promotes the wellbeing of 
ageing societies and refers to enabling older persons to live independent lives, safe and 
socially integrated in their accustomed homes in the community.2, 3 This focus is both a 
preference of older persons4, 5 and according to international estimates, advantageous 
in terms of societal costs,6 as ageing in place aims to avoid or delay institutionalization. 
To support ageing in place despite illness or functional decline, the number and extent 
of assistive technologies has increased substantially in the last decade.7, 8 The types of 
available technologies include devices to monitor health and to support safety and 
mobility, along with the promotion of daily activities and social connectedness.8 

With regard to ageing in place the safety of older persons at home has been 
identified as a pivotal component.9 Although the prevention of falls in community-
dwelling older persons is regarded as crucial, to date, multifactorial and multiple 
component interventions can moderate the fall rate and risk of falling, but evidence 
for their efficacy is of low quality.10 In addition, the home environment is widely 
documented as a common place for falls.11, 12 When rapid assistance does not come, falls 
in particular, but also other emergency situations, have negative impacts on the health 
and psychological wellbeing of older persons.13 This in turn, may jeopardize ageing in 
place and lead to institutionalization. It is therefore pivotal that older persons obtain 
rapid assistance when a fall has occurred. Accordingly, assistive technologies like a 
PSAD can be considered to be an essential enabler of ageing in place. 

However, the use of assistive technologies for older persons in general, and 
specifically the use of PSADs, is still problematic. Several attempts have been made 
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to identify reasons for PSAD non-use, focusing mainly on usability issues.14 User 
involvement is recommended to solve usability issues, as it promotes a “need-driven” 
instead of a “technology-driven” approach.15 Furthermore, recent evidence suggests 
that no theory yet explains, nor do available technology acceptance models provide, 
sufficient descriptions or explanations of the technology use and non-use of older 
persons in the health care context.16, 17 Health care professionals and relatives can 
positively encourage and facilitate technology acceptance, but, so far little attention has 
been given to their perspectives.14, 18-20 In addition, health care professionals, particularly 
community nurses, can draw on an increasing multitude of assistive technologies for 
ageing in place. Thus, it can be argued that understanding technology use and non-
use is a key to promoting and supporting ageing in place. Research suggests that 
understanding technology acceptance requires knowledge about the actors involved 
in its use. Understanding technology use requires answers to the “when, why and how” 
of technology use.16, 21, 22 Technologies should not be considered as black boxes which 
can be integrated into daily life without modifying caring practice.14 Moreover, non-use 
should be investigated and not pathologized as it is often motivated and active.8, 23, 24  

Therefore, the aim of this doctoral thesis was to investigate the use and non-use of 
an assistive technology, using the case of PSADs, by community-dwelling older persons 
from their perspective, the perspectives of relatives, community nurses and general 
practitioners. 

Target groups

The target groups who can benefit from the results of this doctoral thesis are older 
persons, relatives and health professionals.  

Older persons
Community-dwelling older persons were the core of this thesis and were part of all 
five conducted studies. Their involvement in the development and testing of a PSAD 
prototype resulted in an innovative device for those older persons who prefer an 
automatically alerting, waterproof, invisible worn PSAD that can be used both in- and 
outdoors. In addition, for indoor use, instead of a smartphone, a so-called base station 
was developed to ensure reliable alert transmission. 

Those older persons who participated in the studies improved their knowledge 
about PSADs from the insights and information provided by the research team about 
the different PSADS available on the Swiss market at that time. They also benefited 
from the discussions. Discussing and exchanging with other persons in a similar living 
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situation may have emphasized that the topics of safety, rapid assistance in case of an 
emergency and falling are issues which should be taken seriously when aging at home. 
In addition, the participants may have benefited from an informed understanding of 
how personal safety and independence can be supported by using a PSAD. In exchange 
with family, friends and neighbours they may have disseminated this knowledge and 
pursued the discussions.

Even those who did not participate in the thesis’ studies can benefit from the 
findings. A plain language summary of the legitimation process in the format of an 
information brochure will be provided for distribution via community nurses, senior 
organizations and counselling services to older persons. Furthermore, based on this 
thesis, health care professionals can be taught and trained in the factors and processes 
of PSAD decision making, and thus older persons can benefit from an improved support 
and counselling service. 

Relatives
Those relatives who did not participate in the thesis’ studies will benefit from the findings. 
Similarly, to the deliverable to older persons, a plain language summary in the format 
of an information brochure will be provided for distribution via community nurses and 
counselling services to relatives. This brochure delineates the possible challenges of 
older persons related to PSAD use and non-use (the legitimation process) as well as 
recommendations for relatives (negotiation process). 

Health Care Professionals
The thesis insights underline that community nurses and GPs should increase awareness 
regarding identifying technology need, such as a PSAD, counselling and support 
activities to enable older persons and their relatives to take an informed decision 
regarding ageing in place safely in general and PSAD use and non-use in particular. In 
addition, community nurses were described as a neutral source of information related 
to PSADs, which older persons would prefer in order to take an informed decision. 
GPs should be aware of their contribution by identifying critical events, by connecting 
older persons and their relatives with community nurses in the subject of ageing safely 
at home and positively influencing decision making regarding PSAD use and non-
use, as some situations showed that this decision was related to end-of life decisions 
(hospitalisation or institutionalisation). 

The importance of assistive technologies for ageing in place has increased steadily 
in recent years and can be expected to increase further, due to ongoing technological 
development and the shortage of health care staff. It can be argued that the example 
of PSADs emphasizes that, on the one hand, user involvement in the development of 
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technologies allows the identification of critical issues for later usability and thus use. 
On the other hand, the findings suggest in a surprising way that using or not-using a 
technology, such as a PSAD, is less about usability and ease of use, but more strongly 
about identifying the right moment to address PSAD use, knowing how to address it, 
having a favourable relationship with the older person, supporting the establishment 
of the perceived necessity, enabling access and trying out a PSAD in order to take an 
informed decision and balancing the necessary control in the daily life of the older 
person against the provision of the necessary care and support (see legitimation and 
negotiation process). 

It is conceivable that these thesis findings are transferable to other assistive 
technologies, e.g. aids for mobility, hearing and vision or daily living aids, telemedicine 
or information- and communication technology25, which should be investigated. 
Furthermore, it is conceivable that with the growing number of assistive technologies 
for ageing in place, community nurses and GPs will need more expertise in assessing 
technology needs and addressing them. 

Nursing Discipline
Assistive technologies for nursing care such as a walking cane, hearing aids or lifting 
equipment are not new. However, due to digitalization and the increasing confluence 
of nursing and informatics, the variety of assistive technologies is being continuously 
extended and today includes information- and communication technology (ICT), 
robotics, telemedicine and sensor technology.25

This thesis emphasizes that beyond understanding the technology/device itself in 
terms of usability and ease of use, nurses have a role to play in enabling an informed 
decision regarding technology use and non-use. In the case of PSADs, they are required 
for opening access to devices, providing information and knowing how to support, 
coach and evaluate their use as well as developing strategies for how to re-act in case 
of non-use. Additionally, they also contribute by identifying all those persons who are 
involved in device use, in order to clarify the path and activities of involvement. It is 
conceivable that with ongoing digitalisation this kind of support will also be required 
for other technologies relevant to nursing care and the interaction of nurses, patients, 
relatives and in the interprofessional context. It would seem important that nurses 
actively shape technological development and clarify their roles and activities. 

This doctoral thesis indicates that using a PSAD is often influenced by the social 
network of the older person, i.e. particularly relatives but also health professionals. 
However today, relatives seem often to act on their own without professional support 
and enough knowledge, which may lead to conflicting situations with their parent/s, as 
their perception of the older person’s safety differs. Stronger support and involvement 
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by community nurses and GPs could facilitate the decision making of PSAD use and 
non-use. This requires competences and skills of the stakeholders involved, for instance, 
in identifying and assessing PSAD need, negotiating the decision process, counselling 
on PSAD usability and consequences regarding daily life and coaching in PSAD use 
or finding strategies in case of non-use. However, the challenge currently remains 
that community nurses are often not involved or only involved once the older person 
presents a more serious support need. Therefore, two strategies are suggested: on the 
one hand, GPs should refer older persons to community nurses when safety and ageing 
in place becomes a topic. On the other, community nurses should investigate, clarify 
and make transparent in public what role they play regarding counselling offers in 
terms of ageing in place.

It can be argued that the seminal field of assistive technology and digitalization will 
further influence the nursing discipline. Nurses are required to develop the necessary 
resources, competences and skills. This can be supported by research, teaching, 
publication, podium discussions, videos, conferences or event organization. Discussions 
among researchers and practitioners should enrich and accelerate the development 
of nursing regarding the seminal field of assistive technologies and digitalization. 
Furthermore, knowledge transfer and training are required, and should be provided by 
further education and integrated into the Bachelor and Master’s Programs of Nurses. 
Based on this doctoral thesis, part of the knowledge transfer should be: aspects of ease 
of use (usability, impact and meaning), components and influencing factors of the 
decision-making processes and the different roles of the actors involved. 

Researchers
Researchers in health and nursing sciences can benefit from this doctoral thesis. Until 
today, little research has focused on the “bigger” picture of technology use and non-
use in the health care context, taking one technology that is very relevant to ageing 
in place safely. The findings, namely the user involvement approach for technology 
development, the legitimation process, the negotiation process and the guided 
support by community nurses could be considered as an important step in establishing 
the need for detailed understanding of technology use and non-use processes. With 
the description and possible explanations of the phenomenon of technology use and 
non-use, further research can address intervention studies and outcome measurements 
on a meaningful basis. 

Researchers from the fields of informatics and engineering who are involved 
in the development of technologies employed in the health care context as well as 
in the context of ageing in place might also benefit from the insights of this thesis. It 
found that user involvement can positively influence usability issues and ease of use 
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in daily life. However, in the case of a PSAD, it was found that to understand use and 
non-use of a device it is necessary to go beyond technical issues, such as providing 
neutral information, and provide recommendations on how to include the device in 
daily life, transparency about the alerting process and the competences of the involved 
contact persons and others. Furthermore, this thesis suggested that involving those 
professionals who are involved in later technology use seems to be essential for 
communication with the participants, i.e. nurse researchers acted as “translators” of the 
technical language and created a productive working atmosphere. 

Intervention studies are needed to evaluate the economic impact of using assistive 
technologies for ageing in place as well as longitudinal studies which inform about 
long-term use. Those findings might be of interest for health insurance companies to 
evaluate possible financial support of technologies such as PSADs to enable and or 
support ageing in place. At least in Switzerland, it is not yet common that PSADs can be 
accessed via the basic health insurance when ageing in place.  

Activities/Products

The PSAD prototype was further developed in another study, i.e. a wearable sensor with 
a base station in addition to a smartphone application, and tested by institutionalized 
older persons to improve, amongst other things, the usability and the automatic fall 
detection algorithm. Up to today, a start-up has been founded as part of another 
company, and this PSAD is available on the market in Switzerland https://www.aidemoi.
ch/. 

The findings (studies 1-4) were presented at national and international 
conferences: pflegekongress19; BFH Treffpunkt November 2019 “Gläserne Patienten 
– Wohin geht die Entwicklung”; Nursing Research 2018; 1st International Conference 
of the German Society of Nursing Science 2018; European Nursing Informatics 2017; 
28th International Nursing Research Congress 2017; Conférence IUFRS 2016; 5th 
European Nursing Congress 2016; Swiss Congress for Health Professions 2016; Kongress 
für Gesundheitsberufe 2016; European Conference in Nursing Science (EDCNS) 2015; 
EDCNS 2018; 1st International German Nursing Science Conference; pflegekongress19. 

Furthermore, the findings were published in relevant national professional journals 
and in a book chapter: Thilo, F.J.S. and Hahn, S. (2018). Notrufsystem im häuslichen 
Setting - unerwartete Verknüpfungen und grosser Informationsbedarf. NOVAcura, 10, 
33-34; Hahn, S. und Thilo, F.J.S. (2017) Mitsprache in der Digitalisierung: Systematischer 
und praxisnaher Einbezug der Nutzenden von gesundheitsrelevanten Technologien. In 
'Digitale Transformation von Dienstleistungen im Gesundheitswesen III, Herausgeber 
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Pfannstiel, M. Krammer, S., & Swoboda, W. Springer Verlag; Thilo, F.J.S., & Hahn, S. (2017). 
Innovation durch Einbezug der User. SocietyByte https://www.societybyte.swiss/?s=n
novation+durch+Einbezug+der+User; Hahn, S., & Thilo, F.J.S. (2017) Seniorinnen und 
Senioren entwickeln mit. NOVAcura, 48, 1, 45-47. Publications of study findings four 
and five are planned in national professional journals: Krankenpflege, Spitex Schweiz, 
Schweizerische Ärztezeitung and Primary and Hospital Care.

Beyond this, findings were shared in discussions with experts from the national 
commission “eHealth and Nursing” of the Swiss Nursing Association, of which F.J.S. 
Thilo is a member and the president from January 2020. The knowledge gained by this 
thesis also influenced the “position paper” called eHealth and nursing, which was called 
into being by the commission and published in September 2019 https://www.sbk.
ch/pflegethemen/ehealth. It is the first statement in Switzerland which positions and 
describes current developments and possible consequences of digitalization for the 
nursing profession in the context of eHealth. Recommendations are made for clinicians, 
managers, teachers and researchers from nursing. 

The knowledge gained through the PhD trajectory supported F.J.S. Thilo in 
positioning the Department of Health of Bern University of Applied Sciences (BFH) in 
the BFH Centre Digital Society (https://www.bfh.ch/de/forschung/forschungsbereiche/
bfh-zentrum-digital-society/), founded in 2016. F.J.S. Thilo is actively involved in its 
establishment. The BFH Centre Digital Society brings together different disciplines 
from the BFH, such as informatics, economics, nursing, gerontology, business studies 
or architecture, in order to address different aspects of the digital transformation of 
society, i.e. of the political, economic and health care system. The BHF Centre Digital 
Society releases the journal Society Byte monthly https://www.societybyte.swiss/. Two 
editions per year are the responsibility of F.J.S. Thilo.

Furthermore, the knowledge gained through the PhD trajectory has formed a 
basis for the development of a strategy for a new research field called Innovation 
Field Technology and Health which is still ongoing. This positioning is important in 
strengthening the research of technology and digitalization from a nursing and health 
perspective. 

Another activity was also enabled by the PhD trajectory. A community care 
organization, present in a canton of Switzerland, was identified for collaboration on 
the topic of digitalization. This organisation is currently supported in the development 
of its organizational digitalization strategy. On the one hand, the possibilities will be 
discussed to develop a complex intervention based on the thesis findings. On the other, 
projects will be identified to advance digitalization in community care nursing and the 
interprofessional setting as well as to enable nurses to develop their role and necessary 
digital skills and competences in using technologies and to cope with digitalization to 
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the advantage of patients, relatives and nursing. 
The topic of digitalization and technology use and non-use is also part of the new 

curriculum of the Bachelor of Science in Nursing and the Master of Science in Nursing 
at BFH. The development of this curriculum is still ongoing. Following this PhD and 
the knowledge gained from it, specific contents will be added to the curriculum and 
reflected in teaching activities. 

In order to share the thesis findings with more community-dwelling older 
persons and their relatives, the following activities are planned: (1) two plain language 
summaries for each, older persons and relatives, which can be shared electronically and 
distributed via community nurses, senior organizations and counselling services; (2) in 
collaboration with a senior counselling organization (https://www.prosenectute.ch/
de.html) and the community care organization of the canton of Bern and a GP a café-
afternoon under the general heading of ageing safely at home should be organized 
to address topics such as: what does safety at home include, what kind of PSADs are 
available, what does the legitimation process mean for the senior and what are the roles 
of relatives, community care nurses and GPs.  

In order to share further the knowledge gained, the following dissemination strategy 
will be applied: (1) offering a presentation and discussion of the topics mentioned above 
at each community care organisation and for each general practitioner who participated 
in the study 5; (2) oral presentations at the (2a) national conference SBK Kongress 2020 
https://www.sbk-asi-congress.ch/%20_blank as well as international conferences, i.e. 
submitting an abstract to (2b) 2nd International Conference of the German Society of 
Nursing Science https://dg-pflegewissenschaft.de/veranstaltungen/call-for-abstracts-
2nd-international-conference-of-the-german-society-of-nursing-science/, and (2c) the 
GSA 2020 Annual Scientific Meeting https://www.geron.org/meetings-events/future-
gsa-annual-scientific-meetings.
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