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Executive Summary
This document presents results of deliverable 5.1 (D5.1) for WP5 of the FARSEEING project, which
is a project under FP7‐ICT‐2011‐7. WP5 aims to develop telemedicine service models for fall
detection and management, fall risk assessment, and exercise guidance as part of fall prevention
interventions. D5.1 is a report on telemedicine service models: “Report on the rationale behind,
and description of telemedicine models to be developed through the project within the areas of
detection of real falls, assessment of risk of falling and exercise guidance, and description of
how the universAAL platform can be developed to fit the needs of a telemedicine service
platform in the FARSEEING project.”
With the rapidly increase in age groups over 60 and over 80 years in society, greater emphasis will
be put on technology that aims to prevent functional decline and falls and promote safe
independent living. Telemedicine is the use of telecommunication and information technologies in
order to provide clinical health care at a distance. Telemedicine services are designed to eliminate
distance barriers and can improve access to medical services that would often not be consistently
available in distant rural communities. It can also improve access to services for older homedwelling people from their own home. A service model is a description of how such a service can
be delivered to the receiver.
During the last 15 years, several telemedicine service models have been developed in the areas of
handling adverse conditions and assessing health status. However, most of the models have never
found their place in routine health care delivery. Reasons for this might be that the services have
not been designed from the users’ needs and perspective, important stakeholders have not been
in focus when developing the service models, and the reliability of the content of the service has
not been highlighted.
The most common established telemedicine service in the area of fall detection and prevention is
fall alarm services. Most often these services are an integrated part of a more general safety
service or health monitoring service for older people. Among the fall alarm services, most use a
push button pendant system to activate the alarm, while some few also combine this with
automatic fall alarms. However, the automatic fall alarms have only to a small degree been
evaluated with respect to false alarms. Furthermore, only some of the fall alarm services include
the older person’s social network in the fall management service.
Body worn and environmental sensors used in automatic fall alarm services can also be used to
monitor physical behaviour of importance for fall risk evaluation and feedback to the older person
on behaviour related to fall risk. However, at present such information is to a little degree included
in the fall services, likely because information about physical activity level and pattern has so far
not been interpreted or found reliable enough to give information on fall risk.
WP5 of the FARSEEING project will develop a fall detection and management service model by
using an iterative approach. The model will be developed as a proof of concept, but will be tested
in real life on real users in the municipality of Trondheim, Norway. The user perspective will be in
center focus and the service will be developed based on the needs for improvement of the service
as it is today. The service aims to improve current practice in the following domains: Going from
push button pendants to also include automatic activation of the alarm, improve quality of the
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service with respect to communication between the alarm central and the older person, and
reduce response time after activation of an alarm.
In addition, a fall risk assessment service model and an exercise guidance service model will be
developed as proof of concept models. These service models aim to improve current practice in
the following areas: earlier detection of fall risk and earlier initiation of fall preventive
interventions, improved decision-making on fall risk, and increased uptake and adherence to
exercise interventions. The service models will be developed and tested in a usability laboratory. A
user-centered development framework called Nidaros Framework will be used in order to guide
the development of the services. Nidaros Framework is a framework specialized in user-centered
design of ambient assisted living (AAL) technologies. The framework places emphasis on two
aspects of service design: 1) Involvement of major stakeholders and support for communication
among these, and 2) Systematic approach towards using standardized platform functionality. The
framework was initially developed in the EU-project universAAL as reference architecture for AAL
platforms. In the first year of FARSEEING, the framework has been adopted to the needs of
FARSEEING as described in this deliverable.
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Definitions and abbreviations
Concept/abbreviation
Telemedicine service
Telemedicine service model
Business model

Enabling technology

Fall sensor

PERS
PERS sensor

Manual emergency call service
AAL
UniversAAL platform
Nidaros Framework
Fall detection and management
Fall management and prevention

Definition/description
Use of telecommunication and information technologies
in order to provide clinical health care at a distance
Description of how a telemedicine service can be
delivered to the receiver
Describes the rationale of how an organization creates,
delivers, and captures value (economic, social, cultural,
or other forms of value
Technology, including equipment and platforms, that are
needed to develop telemedicine service models and
services
A sensor used to notify the monitoring system that a fall
event has taken place. This could take the form of a
sensor of the type that detects a person’s fall and
automatically generates the event
Personal Emergency Response System
This sensor is used to notify the monitoring system that a
personal emergency sensor event has taken place.
This would typically take the form of a button that the
person presses to indicate some sort of perceived
emergency (“panic button”)
Fall alarm service based on use of a push button pendant
alarm
Ambient Assisted Living
An EU-project aimed at deveoping an open platform for
use in AAL services
An open platform developed developed in the
universAAL project to be used in the FARSEEING project
Used to describe service models and services that focus
on fall detection and assisting the person who has fallen
Used to describe service models that cover both fall
detection and management, as well as services aimed at
preventing falls, including fall risk assessment and
interventions aimed at reducing fall risk
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1 Introduction
1.1 Background
The world’s population is “greying”, with the proportion of the world’s population aged 60 and
older set to double to more than 22% of overall population by 2050 [1]. In 2050 the population of
adults aged 65 and over will make up more than a quarter of the population (Figure 1).

Figure 1 - Percentage of population older than 65 by major area. [2]

Within the groups of older people, those aged 80 and over are the fastest growing, and are
expected to represent 20% of the older population by 2050 [3]. In combination with this, the
proportion of younger adults, especially the working population, is decreasing. In addition, ageing
combined with an increasing burden of chronic, concurrent diseases threatens to make current
models of healthcare unsustainable.
Mobility problems, ranging from falls to difficulties with walking and rising from a chair, affect
millions of young and old Europeans. One of three over the age of 65, and half of them over the
age of 80 years, fall at least once annually [4]. Age-related diseases, as well as consequences of
inactivity, make elders more liable to trips and falls. At a European level, there are more than
400 000 hip fractures annually.
More than ninety percent of the fractures are due to fall accidents, and 90% occur in persons over
the age of 50, where 80% are women [5]. Furthermore, falls are the leading cause of injury-related
deaths in older persons. When it comes to the future of independent living in elderly, injuries as a
result of falls are a primary health risk for this elderly population in the home environment as well
as hospitals and residential care homes [3]. It has been shown that older adults are hospitalized
for fall-related injuries five times more often than they are for injuries from any other cause [6].
Therefore, a significant amount of resources could be saved if the incidence of falls could be
reduced. Costs related to hip fractures vary in the literature, but are reported to be as high as
$29,449 in the ﬁrst year after the fracture [7]. Conservative estimates calculate mean costs of a fall
to 1 000 Euro, with total costs of 30 000 falls in Europe every year with an incidence of falls of
30%, to exceed 30 billion Euro in the EU countries.
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Falling is associated with loss of self-confidence and autonomy and fear of new falls [8], making
the older person vulnerable for further functional decline and new falls. Thus, good systems of fall
management in older persons are needed to make the older person feel safe. Different fall risk
factors have been identified for different groups of older persons, with previous falls, low muscle
strength, gait problems and balance problems as de most important factors. Furthermore, fall risk
has been found to increase with number of fall risk factors [8].
Targeting individual risk factors for falls in a cross-disciplinary setting is one of the documented fall
prevention interventions [9, 10]. Increased fall risk among older persons is associated with
functional decline and comorbidity, and interventions aimed at preventing falls and reducing fall
risk should also target physical function. There is good documentation that home or group
exercises that target muscle strength and balance can prevent falls in home-dwelling older people
[11, 12]. In order to be effective in preventing falls, such exercises also need to improve muscle
strength and balance.
Compliance is a big challenge for fall prevention interventions. Adherence and uptake of exercise
interventions is therefore included in the D7.1 report of the FARSEEING project which is about
developing exercise interventions for older fall prone persons. Factors identified to be of
importance for compliance are 1) personal factors, such as attitudes and beliefs, health condition,
and self-efficacy; 2) environmental factors, such as physical environment; 3) social factors, such as
support from family and friends; and 4) programme characteristics, such as content of the
programme, structure of the activity, and time available [13, 14].
The recent progress in wireless communication technologies and sensor miniaturization,
widespread access to wireless networks, and more affordable communication technologies, is
about to realize a new platform for delivering remote monitoring and assistive services. Ambient
Assisted Living (AAL) is a field of research and development (R&D) devoted to “intelligent systems
of assistance for a better, healthier, and safer life in the preferred living environment”
(http://bit.ly/SVEfNz). AAL aims to prolong the time people live in a decent, more independent
way by increasing their autonomy, self-confidence, health, and quality of life, by improved
monitoring and care of the elderly. The development of systems for remote monitoring of
movement behaviour and activity and development of telemedicine services are examples of such
R&D activities.
Research and development in this field is also motivated by the need to reduce the projected
burden on state and private health care services as well as individual health care cost. Enabling
and promoting independent living for older people in their own homes for longer might keep
health-care costs more manageable. This has created a quest for developing feasible and costeffective communications and monitoring services that safely extend the period of home
residency of elderly people [15].

1.2 Project outline
WP5 of the FARSEEING project aims to model, design, and assess telemedicine services for
detecting and managing falls, evaluating fall risk, and redusing fall risk by means of exercise
interventions.
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The first part of the report deals with the rationale for the development of the telemedicine
service models to be developed in the FARSEEING project. A systematic literature review has been
performed on exsisting service models. Additional searches on the web have been performed to
reveal relevant established telemedicine services. The description of services is given as examples
of content of services and models that have succeeded to reach the stage of implementation. The
second part of the report describes present services and how these will be further developed
through the FARSEEING project. The models to be developed build on existing practice in the
municipality of Trondheim, Norway, where the new models are to be developed and tested. A
user centered approach as well as taking into account important stakeholders are stressed as
important factors when developing the service models. The report also gives an indepth
description on how the universAAL platform will be adopted to be used in the project.

1.3 Methodology and research questions
1.3.1 Relation to other deliverables

D3.1 "Initial FARSEEING HW/SW prototypes documentation and manuals" has been used to guide
the feasibility study of the enabling technologies for the services. WP5 partners have been
involved in WP2 on work with evidence for drivers of technology for older people. WP5 partners
have also been involved in D6.1 "Publication of standard fall data format". The format of the fallrelated data is important for the form and functioning of the final services implementations, in
particular Service 1. We will continue to use input from D6.1 in our further development of the
services. Furthermore, WP5 partners have been involved in D7.1 "Recommendations for design &
implementation of self-adaptive interventions & validation strategy of the interventions", which
has been used as input for the work on services 2 and 3.
1.4 Methodology and research questions

The objective of WP5 is to develop three services that will support managing of the different
aspects of falls, from prevention to prediction and detection. The work package is directly related
to the project objective O.3: Development and validation of telemedical services. In addition, WP5
also contributes to the project objective O.1: Investigate and exploit user acceptability issues. WP5
contributes to the specific objectives OS.3: The smartphone, further than a communication tool,
will also become a transparent companion for older people and OS.6: Implementation of
persuasive technology. WP5 is also central for FARSEEING contribution to OS.7: Designing a
specific and effective intervention strategy for fall prevention and to promote healthy behaviours.
More specifically, WP5 is also guided by the following operational objectives:
 OO.9: Response to a real fall.
 OO.10 Exchange of information between the older person and the caregiver about fall risk.
 OO.11 Individualised exercise guidance.
1.4.1 Research questions

The area to be investigated is vast and it is important that the research questions we want to
address are clear and focused. We have, during the discussions in WP5, emphasized social aspects
of aging and use these aspects as a unifying feature of the research on services. This is due to two
factors. First, providing services, as will be shown in this deliverable, involves a large number of
stakeholders and users. Often the ICT support for such services is ignorant towards supporting at
least a minimum of these social aspects and of communication among the stakeholders. Second,
social isolation in general is regarded as one of the main reasons of a number of aging-related
health problems. Having services that do not isolate elderly people but rather put them in a social
context can be beneficial to all parties.
8
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We have summarized the research questions in WP5 in the following table. The questions are
related to specific services, and a hint of how the question will be attempted answered is also
given in form of possible methodology. We have also listed some of the success indicators from
the description of work that directly or indirectly are affected by our answers to these research
questions.
Table 1: Overview of research questions

Research question

Related service(s)

What is the effect of the
new service on the
number of relevant
actions taken?

Service 1:
Detection and
management of
accidental falls

How good is user
acceptance of wearable
monitoring unit (body
worn sensor or smart
phone)?

Service 1

Methodical
requirements
In-the-field

In-the-field

What is the effect of the Service 1
new service on the time
to rescue of the person
who has fallen?
Which user interaction
Service 1, 2, 3
mechanisms are
suitable for the
involved users?

In-the-field

What is the perceived
quality of the new
services compared to
the existing services?
What are the key value
drivers and potential
conflicts among the
involved stakeholders
of the new service?

Value-sensitive
design methods,
interviews,
workshops
Value-sensitive
design methods,
interviews,
workshops

1
2

Service 1, 2, 3

Service 1, 2, 3
(mainly 1)

In-the-lab using the
usability lab. Also
variants of the TAM2
questionnaires

For details about these indicators, please consult the description of work.
Telemedicine Acceptance Model
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Related success indicator(s)1
Ind20: Information about real falls
sent to an alarm center should
result in action in 100 %
(excellent), 95% (good), 90%
(sufficient), or <90 %
(unsatisfactory) of the cases
Ind20.
Ind23: In the High‐Risk Scenario it
is expected an observation time of
4‐7 days for each subject: the
subject wears the device at least
90% of the scheduled time
Ind10: The wearable monitoring
unit, usability: is perceived as easy
to wear, is perceived as
unobtrusive and comfortable, and
is perceived as easy to manage
from the beginning
Ind20.
Ind23.

Ind6: The smartphone user
interface: is clear and customizable
to meet user expectations and
needs, is always able to be
adapted to the user capabilities
Ind10.
Ind8: User Acceptance: The user
would voluntarily use the system
beyond the trial period
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What is the effect of
smart-phone-collected
data on fall risk
assessment services?

Service 2

Theoretical, based on
literature

What are the best
service models for
home-based ICTsupported exercise
programs?

Service 3

User-centered service
design

What is the effect of
home-based ICTsupported personalized
exercise programs?
What is the effect of
home-based exergamesupported exercise
programs?

Service 3

Interviews,
workshops

Ind21: At least 95% of the users,
carers and health care personnel
demonstrate ability and
willingness to use the software
developed to exchange the
information in real life studies that
has been explored during studies
in the usability lab
Ind5: Compliance with exercise
instructions given through the
Smartphone is >90%
Ind22: Compliance with
exercise instructions given through
the FARSEEING system is
at least 90%
Ind5.
Ind22.

Service 3

Interviews,
workshops

Ind5.
Ind22.

1.4.2 User-centered design

The purpose of the FARSEEING project is to provide an empirically-based scientific basis for the
next generation of fall-related alarm, monitoring, and exercise devices. Such devices clearly fall
under the EU definition of Medical Device (Directive 93/42/EEC). The directive defines hardware
or software to be a Medical Device if it is:
“intended by the manufacturer to be used for human beings for the purpose of:
o diagnosis, prevention, monitoring, treatment or alleviation of disease,
o diagnosis, monitoring, treatment, alleviation of or compensation for an injury or
handicap.”
Medical Devices used within the EU require CE marking, and this has consequences for the way
these products are designed and developed. To assure the product’s quality concerning safety and
usability it is recommended to implement quality assurance processes throughout the lifecycle. CE
marking requires careful documentation of quality processes, quality control, risk and hazard
assessment, testing and analysis.
Best-practice in the design of medical devices includes a strong focus on usability engineering. This
is described in detail in the IEC standard 62366:2007 “Medical devices – Application of usability
engineering to medical devices”, which has been adopted for use in Europe as EN 62366: 2008.
The standard motivates the use of usability engineering processes thus:
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User-centered usability engineering processes are iterative and include the users in all phases of
the design and development cycles. ISO standard 9241-210 describes the phases of a user-centred
software development process.

Figure 2 - The phases of a user-centred design process (from ISO 9241-210).

Figure 2 shows the recommended phases of a user-centred design process, and how they relate.
After an initial planning phase, the iterations contain the following phases:
 Understand and specify the context of use:
The focus here is on identifying the users and stakeholders, studying their work
(and life) practice, and understanding the physical and social context in which the
product will be used. Methods used include interviews, field studies, video
observations, and identification of existing studies.
 Specify the user requirements:
The focus in this phased is on establishing the requirements for the
product/system. This is done through design workshops, interviews with
stakeholders, and analysis of results from the previous phase.
 Produce design solutions to meet user requirements:

11

FARSEEING
Grant agreement no.: 288940

Deliverable D5.1

Prototype systems are developed to be used in the evaluation phase. A variety of
methods exist for low-fidelity prototype development.
 Evaluate the designs against requirements:
Evaluation of the developed prototypes can be done in a usability laboratory, in the
field, or through focus group workshops. Based on the results from the evaluation,
the process is either finished or reiterated based on the kind of problems identified
in the evaluation.
1.4.3 The NSEP usability laboratory

Performing user-centred design activities, such as design workshops, focus groups, and usability
testing, require a physical space and video recording equipment. In 2004 the Norwegian EHR
Research Centre (NSEP) established a usability and design laboratory for Health ICT in cooperation
with the Department of Computer and Information Science at NTNU. Both NSEP and the
laboratory are funded by grants from the Norwegian Research Council. Aiming to compensate for
the lack of realism in traditional usability tests, the laboratory allows for full-scale simulations of
hospital settings (Fig. 3).

Control room

Cooridor
Staff room

Figure 3 - The NSEP usability laboratory.

For the recording of user data, a fully digital Noldus video-recording solution is used with our own
adjustments and extensions. The usability laboratory currently includes three roof-mounted
remote-control cameras, several stationary cameras, wireless “spy” cameras, wireless
microphones, an audio mixer, and software solutions for remote “mirroring” of the content on
stationary and mobile devices. Since its completion in 2005, the laboratory has been used for fullscale testing of both prototypes and production versions of health ICT systems. The laboratory is
state-of-the-art for full-scale testing of health ICT.
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1.4.4 Development of the services using a user-centred design approach

For each of the three service models, an iterative process building on the user-centred design
standard ISO 9241-210:2008 will be followed. The specific process to be used is defined in Chapter
5 Nidaros Framework, which is a specialization of user-centred design with a focus on stakeholders
and platform utilization. The steps in the Nidaros Framework will be very similar to those of a
standard user-centred design and include the following:


Understanding context of use
o Stakeholder analysis that is already started will continue through new iterations to
identify all the relevant stakeholders.
o Field studies will be performed in older people’s homes, in hospital clinics, at older
people homes, and at emergency centrals. Interviews will be done with the elderly,
with therapists and other health workers, with the children or other relevant relatives
of the elderly, and with emergency workers.



Requirement specification and service definition
o A number of well-known methods such as service blueprints will be used to define
better existing and future services and their technology requirements. The service
definitions will be based on user-generated data.
o Based on the interviews and field studies, a set of requirements will be made, both
concerning functional and non-functional elements of the service/product.



Produce design and application/software solutions
o For each of the services/products, a prototype system will be built that satisfies the
important elements of the requirements.
o The level of fidelity of the prototype will be high enough to be able to test important
factors related to usefulness and usability in the following usability tests.



Integration with platform functionality
o For all the services, the functionality defined for each service will be refactored into
possible platform functionality that can be reused. Platform architecture from
universAAL will guide this process, and the result will be a set of candidate platforms to
be used to support the services.



Evaluation of design solutions
o The prototypes will be evaluated through controlled usability studies in the NSEP
usability laboratory. The number of test subjects will be relatively low (10-15). The tests
will be videotaped, and the results will be analysed in search of important factors
concerning usefulness and usability.

The data from the usability tests will be analysed in relation to usefulness and usability. Usefulness
(utility) and usability are the two most important elements of TAM, the Technology Acceptance
Model, which predicts end-user acceptance. Concerning usability, we base our analysis on the ISO
9241-11 definition of usability:
13

FARSEEING
Grant agreement no.: 288940

Deliverable D5.1

“Usability is the extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency, and satisfaction in a specified context of use.”
The three areas of measurement concerning usability are effectiveness, efficiency, and user
satisfaction:
 Effectiveness is a measure of the accuracy and completeness with which users achieve
specified goals. Common metrics include completion rate and number of errors.
 Efficiency is a measure of the resources expended in relation to the accuracy and
completeness with which users achieve goals. Efficiency is related to productivity and is
generally measured as task time.
 Satisfaction is the degree to which the product meets the users’ expectations—a subjective
response in terms of ease of use, satisfaction, and usefulness.
This will result in a combination of quantitative (effectiveness, efficiency) and qualitative (user
satisfaction) data. The operational definition of effectiveness and efficiency will differ for each
case. For fall warning solutions, effectiveness and efficiency will be related to accuracy of the fall
detection and comprehension at the receiver side. Concerning fall risk solutions, it will be about
appropriateness, correctness, user comprehension, and the technical usability in operating the
device. For physical exercises, it will be about the operation of the software, user comprehension,
and whether its use leads to the correct exercises being done. For all solutions, user satisfaction
will be to what extent the end-users value the product and find it useful in their everyday life.
For each of the three service models, the results from the usability experiments will allow us to
identify the critical factors for end-user acceptability. It is difficult to predict what these factors will
be, but likely candidates include:
 The userfriendliness of the user interfaces on Smartphones and other displays.
 The ergonomics of the way sensors and other equipment are strapped to the end-user’s
body.
 The software integration with other services and systems in health care and emergency
centrals.
 The end-users’ comprehension of the “conceptual model” of the product/service.
 Electronics: The accuracy of the sensors, radio range, battery capacity, processing power,
and more.
The above list of factors is speculative, not a set of hypotheses to be tested. The overall study
design for this project is explorative, where the resulting factors will emerge out of the data.
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2 Enabling technology, telemedicine service models and services
2.1 Concepts and definitions
Telemedicine is the use of telecommunication and information technologies in order to provide
clinical health care at a distance[16] and can be used to support face-to-face usual care.
Telemedicine services are designed to eliminate distance barriers and can improve access to
medical services that would often not be consistently available in distant rural communities. It can
also improve access to services for older community-dwelling people directly from their own
home. In the area of fall prevention and management, more accurate fall detection technologies
continue to mature and are rapidly nearing the marketplace. The challenge becomes, how to
bundle the technologies into a service of the highest value to the largest possible number of
potential users at sustainable costs.
A service model is a description of how a service can be delivered to the receiver. A service model
describes the details of the service, the intended users, and how the latter will benefit from the
service. A service model also describes which other related services and infrastructure this
particular service relies upon. Also, a service model describes how to make potential users and
decision-makers aware that the service exists, how to purchase the service and have it
implemented. Finally, a service model might describe how the service can be bundled together
with other services. Once developed, a service model is then typically used to develop a business
model and a plan for bringing the product to the market.
Telemedicine service models are generally divided into store-and-forward, real-time interactive
services and remote monitoring. Store-and-forward reflects that data that are to be interpreted by
a clinician are collected and forwarded to the clinician who is to assess the data and provide
feedback at a convenient time. Services that assess dermatology, radiology, and pathology images
are often organized according to this model. Real-time interactive services require that both the
service provider and the receiver are present at the same time. The interaction can take place by
phone or video. Remote monitoring involves the collection of (sensor) data at the site of remote
monitoring, transfer and analysis via a radio network, and processing and handling of data at the
site of the service provider.
Different technologies, including equipment and platforms, are needed to develop telemedicine
service models and services. In this report this is described as health-enabling technologies.
Numerous studies have been performed to assess health-enabling technology for the
development of telemedicine service models. Despite high potential, relatively few telemedicine
services have found their place in routine healthcare delivery [17]. Ludwig et al. describe the
requirements for health-enabling technology to be implemented as telemedicine services: 1) The
tools must be reliable; 2) the services must be designed to be reliable, meaning that they have to
meet the requirements for real life use cases, 3) stakeholders need to be identified, and 3) the
new systems need to build on existing health care systems, health information systems, and
information management systems.
Some service models include the user’s social network. By "social" we mean that the relatives also
will use, and benefit from, the service. With new enabling technology, inclusion of the older
person’s social network in the telemedicine service models has become possible. With future
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perspectives on challenges related to insufficient number of health care workers relative to the
number of older people, the possible advantages of including social networks in service models
should therefore be explored and assessed.

2.2 Classification of telemedicine services to be delivered at home
In a systematic review from 2012, Ludwig et al. [17] made a classification of archetypical service
categories for health-enabling technologies for elderly people. Existing services were categorized
as follows:

A: Handling adverse conditions
A1. Manual emergency calls, including use of rescue buttons. The systems are based on a manual
activation of the alarm from the older person.
A2. Automated detection of deviant behaviour: This includes ambient sensors to monitor activity
level or physical behaviour. Intelligent data analysis can here be used to determine situations that
deviate from normal behaviour. Based on results from the analysis, the system sends a message to
a remote server. The server answers the message by calling the older person to ask whether he or
she is in need of assistance.
A3. Automated detection of falls: This includes automatic detection of falls by sensors worn on the
body or sensors mounted in the environment, e.g. the bed. Such systems may also include GPS to
track the person who has fallen.
A4. Automated detection of cardiac emergencies: This includes complex systems monitoring data
from several biomedical devices (e.g., blood pressure, oxygen saturation, heart rate, atrial
fibrillation) in heart disease patients, or systems triggering an alarm based on the person’s heart
rate.
A5. Handling potential dangerous situations refers to tele-health systems that can recognize and
communicate adverse conditions. Such information can be collected for example by intelligent
questionnaires, where answers exceeding certain threshold values are flagged and sent to the
health care provider.

B: Assessing state of health
B1. Recognition of unknown diseases and medical conditions includes systems monitoring
behaviour or biological functions. Unusual behaviour or symptoms over time can be used for
clinical decision making of diagnosis and management of symptoms.
B2. Monitoring of known diseases is the most applied telemedicine health service, and includes
monitoring of symptoms of cardiovascular disease, respiratory disease, and diabetes mellitus.
Such services also fall under the category of chronic disease management.
B3. Monitoring of therapeutic interventions is monitoring of disease symptoms and behaviour to
be used to educate and motivate change in behaviour.

C: Consultation and education
This may include use of web-based consultations and tele-conferences. Such services may also
include the use of monitoring systems that derive information on health and disease to be
discussed in the conferences or consultations.
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D: Motivation and feedback
Such services are developed to motivate and give feedback on behaviour in order to increase
compliance with disease-related treatment or to reinforce patients’ awareness to danger signs of a
disease.

E: Service ordering
This includes services to provide support for functioning in daily life situations, like assistance with
grocery shopping or instrumental activities of daily life.

F: Social inclusion
Social inclusion services are seen as services aimed at increasing social wellbeing. This can be an
element in different home monitoring systems, but is seldom in focus for the development of
health-enabling technologies.
In WP5 of the FARSEEING project, existing fall management service models and those to be
developed belong to A1 and A3. The fall risk assessment telemedicine service model to be
developed belongs to A2, but can also be regarded as being related to health monitoring and
categorized under B1. The exercise guidance model will be categorized as a motivation and
feedback service (Category D) and service ordering (category E). According to the paper by Ludwig
et al. [17], most services that were derived from the literature review belong to category A and B.

2.3 Review of literature
Literature searches were performed in Pubmed (http://www.ncbi.nlm.nih.gov/pubmed), the ACM
digital library (http://dl.acm.org), and in IEEE Explore (http://ieeexplore.ieee.org/). In addition, we
queried the websites of Journal of Telemedicine and Telecare (http://jtt.rsmjournals.com) and
Telemedicine and e-Health (http://online.liebertpub.com/loi/TMJ).
We first explored the databases regarding publications on the use of remote monitoring
technologies for detection, management, and prevention of falls. Searches in the databases are
listed in Table 2. Publications were classified according to the scheme depicted in the table. Most
identified publications described relevant technology or reported on a proof of concept study. A
few publications reported on real life pilots (Table 3). Only three described a prospective trial.
Three contained a description of a service model [18-20].
We then queried the Journal of Telemedicine and Telecare and Telemedicine Journal and e-Health
and manually identified publications that could be of relevance. In addition, we sought among
publications citing the publication at hand. With this supplementary, unsystematic approach, we
identified 10 additional publications that described service models and that built the descriptions
of the service models on services that were operative and in use (Table 3). In a review of literature
on health-enabling technologies for the elderly, Ludwig et al. described six categories of services:
1) Handling adverse conditions, 2) Assessing state of health, 3) Consultation and education, 4)
Motivation and feedback, 5) Service ordering, and 6) Social inclusion [17]. We decided to use these
six service categories as a classification scheme.
Table 3 presents a summary of the service models that are described in the publications and lists
the different stakeholders that are mentioned. Most papers mentioned between two and four
stakeholders. In addition to the patient, the patient’s next-of-kin, (local) care providers, and call
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centers are listed. The publications by Mettler and Vimarlund [21, 22] have a wider perspective
and list a larger array of stakeholders. For telehomecare services to be taken into use and become
an integral part of the regular services, services models must be aligned with healthcare policies,
integrable with existing services, and accepted by existing providers, professionals, and
institutions.
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Table 3: Characteristics of service models described in identified papers

Stakeholders
identified

Publication

Service model

Brownsell 2001
[19]

Patients, Call center,
Resident care provider

Handling adverse conditions.
Service organized via the regular alarm central in
the community.

Brownsell 2004
[20]

Patients, Call center,
Resident care provider

Handling adverse conditions.
Trial on the effect of a fall detection service on fear
of falling. Service organized via the regular alarm
central in the community.

Gagnon 2006 [23] Patients, Care
providers, Project
managers, Healthcare
organizations,
Healthcare system

Manuscript has an evaluation perspective.

Hebert 2004 [24]

Patients (Client), Care
providers (Physician,
Nurse), Healthcare
managers

The publication is a presentation of the
perspectives of different stakeholders and
discussion of potential models.

Lamothe 2009
[25]

Patients, Care
provider, health care
organization,

Publication presents two telehomecare models of
consultation and education.

Marschollek 2009 Patients, Relatives
[26]
(next-of-kin), Care
provider

Publication is a review of publications on services
and focuses on the use of standards (e.g., HL-7 /
CDA) when establishing the services.

May 2003 [27]

Publication is a synthesis of the results of several
ethnographic studies of the delivery of homebased telemedicine. The publication lists a number
of premises for establishing viable telemedicine
services.

Patients, care
provider, health care
organization, policy
makers

Mettler 2011 [21] Patients, Care provider
Relatives (Client
relatives), Goverment,
Suppliers of
technology, Housing
providers

Publication presents four general models of
homecare informatics: Distributed care, Herkyjerky care, Continuos care and Virtual-based care.
Publication also presents a method for taking the
needs of multiple stakeholders into account when
planning homecare services.
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Publication
Wootton 2012
[28]

Stakeholders
identified

Patient, Call center

Service model

Handling adverse conditions.
Service organized via a central clearing house.

2.4 Health-enabling technologies and telemedicine service models
In the further text, examples of enabling technology used in telemedicine service models related
to fall management and prevention are described. The examples have been chosen to represent a
variety of health-enabling technology and service models. We have used the report “Study on
business and financing models related to ICT for aging well” to find relevant technologies and
service models (http://www.technolage.org/). Additonally, we have searched on internet for
companies and products. There is large varition in the amount and quality of documentation that
is possible to derive from these sources.
2.4.1 Manual emergency calls systems

Fall detection systems are commonly described as Personal Emergency Response Systems (PERS),
with a manual button system as the first generation (PERS 1.0), and automatic fall detection
system as the second generation (PERS 2.0).
Traditional detection of a fall has been achieved using PERS 1.0 systems where the user, upon
experiencing a fall, pushes a button to call for help. The common protocol for such a system is
achieved by wireless communication directly from the sensor, body worn or in pendant form, to a
base station, where the base station further propagates the emergency message to a call center
where staff is available to handle the situation and contact the relevant personal or the elderly
user’s relatives or friends using a prioritized list of contacts.

Figure 4 - Push button pendant system used by independently living
elderly to call for help in case of a fall emergency.

The push button pendant systems help to minimize the ramifications of falls in the elderly peoples’
homes and possible long-lie situations, by reducing the time between the fall and the arrival of
medical attention [29]. However, it is not a satisfactory fall-detection method, as during a loss of
consciousness or a faint the user will not be able to activate the pendant [30]. It has also been
reported that even when elderly people have fallen and injured themselves, they did not activate
their alarm, even though they had the opportunity to do so [31]. Furthermore, the pendants only
work indoor or in close distance to the house or apartment. Through interviews with older users of
push button pendant alarm systems, a recent Norwegian project on needs for mobile safety alarm
systems (http://www.sintef.no/home/Publications/Publication/?pubid=SINTEF+A23400) has
identified the following areas where the PERS 1.0 systems are not good enough: 1) The alarm does
not work when the users are in the basement of their homes, 2) It does not work when going to
look for mail in the pillar box, 3) The system does not work if you are not able to push the button,
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for example if you faint, 3) The system is unpractical to use during the night, and can therefore not
be used if you go out of the bed during night time.
The effect of a mobile push button safety alarm on outdoor walks, fear of falling, and quality of life
was tested in an RCT from 2012 [32]. Results demonstrated that the most frequent reason for not
completing the intervention was that the alarm was regarded too heavy to carry. Those who
completed the intervention had more outdoors walks at baseline than those not completing the
intervention.
2.4.2 Automatic fall detection systems

The newest generation of automatic fall detection systems, described as PERS 2.0 systems, already
exist (see Figure 5). Reliability of such systems depends generally on the algorithms implemented
to detect falls. Low reliability of fall detection of PERS 2.0 systems was one of the arguments
behind building a fall repository within the FARSEEING project, allowing the development, further
improvement, and testing of new fall algorithms based on data from real falls [33].

Figure 5 - Automatic fall alarm sensor to be connected to the waist.

2.5 Existing technology and service models
Philips life-line
Philips Lifeline (http://www.youtube.com/watch?v=xUr7-_ISlHU) offers medical monitoring
systems for seniors and fall detection devices connected to a monitoring center. The complete fall
management system is called Philips Lifeline AutoAlert pendant. The Philips Lifeline pendant is
worn around the neck and has a push button and an optional auto-alert. This pendant specifically
detects the impact that occurs with a fall, and it is programmed to automatically alert a
monitoring center whenever a fall occurs. However, no specificity or sensitivity of fall detection
from the automatic auto-alert is specified.
The auto-alert feature is based on multiple sensors that monitor activity and can differentiate
between normal activity and a fall. If a fall is detected, the Lifeline Response Center will try to
contact the wearer. If they cannot establish contact, they send emergency services to the wearer's
home, and the center also contacts a designated family member or neighbour. If the user is out of
range of the receiver unit, the call centre will not be contacted. Similarly, when the pendant is not
worn, it is ineffective. Finally, if the wearer does not respond to the call centre test once every 30
days, further action is taken.

Wellcore
The Wellcore system (http://medical-alert-systems-review.toptenreviews.com/wellcoreemergency-response-system-review.html) includes a base unit, a personal activity monitor (which
can be clipped on) and an Emergency Call Center. The personal activity monitor automatically
detects a fall and alerts the Call Center. The wearer can also manually push a button to trigger the
alarm. When the alarm is activated, the Call Center sends emergency services to the home, and
contacts a designated family member or neighbour. The system has additional functionality: When
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used with a Wellcore-compatible cell phone, the monitor also functions away from the base unit
at home. In this case, the system can use the cell phone to pinpoint location and send help.
If the wearer forgets to put the monitor on, a message is sent to the base unit. If those messages
go unanswered, Wellcore notifies a designated family member or neighbour. The system includes
an online display with secure access for designated family members or caregivers, that displays
activity trends. The system also includes a "text to speech" message that is sent to the base unit.
This is a way for family members to leave messages that later can be heard by the senior pressing
a button on the base unit.

HaloMonitoring
The HaloMonitoring system (http://www.halomonitoring.com/support/myhalo-clipdemonstration-video) consists of a base unit and a “myHalo Clip”. The myHalo Clip can be worn at
the belt or top of pants. It includes an online display with secure access for designated family
members and/or neighbours, and also includes delivery of alerts via text messages, email, or a
phone call from the MyHalo Call Center.
The "myHalo Complete" has the added benefit of vitals monitoring. It is worn as a chest strap or
undergarment and is invisible under outer clothing. All vitals can be displayed on a secure website
(accessible for designated family members) while alerts are delivered via text message, e-mail or a
phone call from their Call Centre. The system can also detect when it is not being worn. There is no
coverage if the user is outside the range of the base unit at home.
A comparison of the systems from Philips, Wellcore and Halo Monitoring has been described on
the web: http://archive.aweber.com/agingparents-ap/1suRH/h/_How_to_Choose_a_Fall.htm

Tunstall
Tunstall (http://www.tunstall.com/) provides tele-health and care solutions for older people and
persons with long-term health and care needs, in order to improve quality of life and prevent need
for hospital or residential care. As part of the solution, they provide fall alarms based on automatic
fall detection as well as push pendant buttons with related software and hardwares. They offer
field service engineers and contact to an operational control centre which is available to
customers 24 hrs a day, 365 days a year.

The eCAALYX system
The eCAALYX (Enhanced Complete Ambient Assisted Living Experiment) (http://www.ecaalyx.org/)
project is a European collaborative project as part of the Ambient Assisted Living (AAL) Joint
Programme (http://www.aal-europe.eu/), in which a fall detection service model was deployed in
a real-world setting [34] (06/2009-06/2012 – http://ecaalyx.org/)[35]. The focus of the project was
to provide a complete solution to improve the quality of life and reduce the morbidity and
mortality of elderly people suffering from chronic diseases, via monitoring and assessing changes
in activity of the patient.
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Figure 6 - The eCAALYX System overview, including the three
main parts: the mobile system, the home system, and the
caretaker site. Also shown are the end-users: Elder, Doctor,
Caretaker, Relatives, Administrator, and The Emergency
Services.

The project aimed to assess the long-term accuracy and reliability of a wearable fall-detection and
activity monitoring system deployed with real end users both inside and outside the home. The
eCAALYX system is composed of three main subsystems, the Home Subsystem, the Mobile
Subsystem, and the Caretaker Site (see Figure 6).
As part of the mobile monitoring system, strap-down kinematic sensors [36] were used and
algorithms were developed for the classification of the intensity and type of activity [37] and the
detection of falls, using body-worn tri-axial accelerometers (TA). A sensor located at the left-under
arm was used to monitor mobility, provide estimates of energy expenditure, and detect falls.
Algorithms to classify physical behaviour and detect falls have been developed and tested by
Bourke et al. [38]. Upon the detection of an emergency situation such as a fall-alert, the fall-sensor
reports the event to the fall handler continuously until a propagation acknowledgement is
received. This acknowledgement is sent by the fall handler to the fall-sensor subsequent to
propagating the fall-alert message to the Caretaker site and server. The fall handler continues to
propagate the fall alert until the server acknowledges the reception of this alert. The Caretaker
Site includes the Caretaker Server and a webserver containing electronic health records, see Figure
7. The Caretaker Site is also responsible for patient management, data visualization, health
agenda, and observation pattern management. Fall-alert messages are propagated to the
Caretaker via an intermediate gateway implemented at the server which also filters duplicate
messages.

Figure 7 - The caretaker site.

Netwell-CASALA Centre and the Great Northern Haven project
The CASALA project in Ireland (http://www.casala.ie/the-great-northern-haven.html) is a
collaboration between the Technical University, the local health service, and industry partners on
equipping 16 Smart-houses in order to enhancing older people’s ability to participate as active
members of the society. This is a demonstration project for independent living that uses sensor
technologies in a community and research context. The smart-houses are constructed specifically
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for Ambient Assisted Living (AAL) applications. Data are continuously gathered from consenting
residents, within the apartments and right outside the apartments. Each apartment has more than
100 sensors, TVs, and touch screen devices.

The ESOPPE programme
The ESOPPE programme (www.ihf-fih.org/content/download/1907/.../Jean%20Debeaupuis.pdf) is
a service model developed for persons over 65 years of age. The service addresses security,
independence, and communication for older people, but has a main focus on falls. The effect on
falls of part of the ESOPPE programme was tested in France [39]. The study was a longitudinal
prospective cohort study over one year on 194 home-dwelling frail people aged 65 years and over.
Participants were divided into an exposed group and a non-exposed group. Participants in the
exposed group were equipped with home-based technology consisting of a light path coupled with
tele-assistance. The light path turns on when the person sets foot on the ground. During followup, 30.9% in the exposed group compared to 50.0% in the non-exposed group fell.The reduction in
risk of falling in the exposed group was estimated to OR=0.33 (CI 0.17-0.65). The light path
coupled tele-assistant system also reduced severity of falls at home (p=0.0091).

VieDome Mextal B.V.
The VieDome Mextal (http://www.careathome-project.eu/index.php/consortium/mextal/) offers
a toolbox and an open platform solution for personalizing home care. The solution can be
connected to different health care services at a distance.

Griffin Medical alarm
Griffin Medical alarm (http://www.medicalguardian.com/griffin-ga-medical-alert-systems-forseniors) is a home emergency care service and business model developed to fill an existing gap in
the market. It is based on a push button pendant system and gives connection to a surveillance
centre. However, it has never reached the state of implementation in real life.

eCare (NEAT)
NEAT(http://www.gruponeat.com/our-solutions/products-for-elderlypeople/telecare/monitoring-centre) produces platforms to be used in telecare and telemedicine
services. The services based on the platform aim to reduce older people‘s visits and admissions to
hospitals. A mobile telephone, Nemo (Figure 7) gives the possibility to send alarms despite the fact
that they are moving around in relatively large areas. Nemo has a GPS that can track the position
of the user and used a push botton pendant system. When the button on Nemo has been pushed,
a two way communication is set up with an alarm central. The GPS coordinates are sent in an SMS.

Figure 8 - Nemo mobile telephone can track the position and send alarms when moving around.

Vivago
Vivago (vivago.studio.crasman.fi/pub/web/Misc/vivago_abstract_mail.pdf) offers an automatic
fall alarm service and monitoring of daily activities by sensors imbedded in a wrist-worn watch
29

FARSEEING
Grant agreement no.: 288940

Deliverable D5.1

(see Figure 9). The alarm can be connected to relatives. Adaptive algorithms analyse the data on
activity generated during everyday life and create an overall picture of the user’s current
condition. A case study describes the system and its feasibility as a tool for long term monitoring in
order to detect changes in health status in older adults in their normal environments [40, 41].

Figure 9 - Vivago personal safety system, including automatic alarms and
continuous monitoring of the user’s well being.

Abilia
Abilia (http://www.abilia.org.uk/produkter/) offers assistive technology products in the areas of
communication, cognition, and environmental and alarm controls. The products aim at keeping
older people longer at home. The products include different controllers that can be used for the
purpose of prevention, such as a bed alarm registering when the person leaves the bed.

Phoniro
Phoniro (http://www.phonirosystems.se/oeversikt.html) offers technological IT platforms for
telecare and different alarm products, included bed sensors and mats, as well as a body-worn
push button pendant alarm.

2.6 Telemedicine services for falls in elderly people
Telemedicine services for falls in older people are seldom limited to sole fall detection and
management services, but rather are included as part of safety services with multiple purposes.
Services that will be described here are based on the Case Analysis report (www.technolage.org)
that listed the 20 best business and financial models related to ICT for Ageing well, as well as
services derived from the literature review of Ludwig et al. [17] ors found through web searches.

Soziale Personenbetreuung - Hilfen Im Alltag (SOPHIA)
The Bavarian Region in Germany, through the company SOPHIA, offers a safety service for older
and handicapped people (http://www.sophia-berlin.de/). The service includes connection to an
emergency coordination centre. Communication with the older person is achieved through a TV
screen in the house. The service can also include support from a network of healthy volunteers
that provide social services. The system includes an automatic fall alarm formed as a watch, and is
connected to a 24-hour alarm centre. The sensors in the watch also collects data on activity
patterns throughout the day. No information is provided on reliability of fall detection or how
activity data are used to assist decision making.

North Yorkshire County Council (NYCC) telecare and NHS Yorshire & York (NHS NYY)
telehealth
The North Yorkshire County offers tele-health services (http://www.nyytelehealth.co.uk/). The
telecare and telehealh initiatives have been developed in collaboration with Tunstall Healthcare
(http://www.tunstall.com/). More than 100 projects are running across NHS organizations in
England, and this is one of the largest tele-health projects in Europe. The initiative is aimed at
remotely capturing and relaying physiological measurements from the home for clinical review
and early intervention. The systems used include automatic fall detection devices. The detector
will alert the wearer when the alarm is activated, which the user can cancel at this point. If not
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cancelled, the detector will raise an alert to a central. The system also has a manual push button
system that the wearer can press to call for help at any time.

Scottish Telecare Programme Board (STPB)
STPB is another large initiative run by the Scottish Government
(http://www.jitscotland.org.uk/action-areas/telecare-in-scotland/), and is a national strategy for
implementing telemedicine services. Several projects have been run to establish and evaluate
parts of the services. In March 2011, there were 34,420 (54%) home care clients who also had a
community alarm and/or other telecare services. The service related to fall detection and
management included use of push button pendant alarms, automatic alarms, and different smart
house technology solutions.

Distress care AREION (TeleCare) Emergency Care
This is a comprehensive social service aimed to help elderly people and handicapped people to live
in dignity (http://eng.zivot90.cz/4-socialni-sluzby/10-tisnova-pece-areion). The AREION emergency
service provides fall detection and management services. It is provided through control rooms in
different sites in the Czech regions. It has 1300 clients from 82 towns in seven Czeck regions. The
fall detection and management service includes use of push button pendant systems.

Nuvola IT Home Doctor
This is a service model provided by Telecom Italy in collaboration with a hospital in Italy
(www.nuvolaitaliana.it/.../nuvola-it-home-doctor/). The service monitors physiological and
biological data in order to provide the physician with information that can improve decision
making regarding optimal treatment. At present, measurements of physiological and biological
data only include ECG and blood oxygen levels.

Telecare and remote monitoriong for older people in Veneto Region
TESAN operates telealarm and telemonitoring systems for more than 37 000 people in Italy, and
has contracts with more than 70 public entities (http://www.tesan.it/en/e-healthcenter/technology.html). The service focuses on independent living, prevention, and monitoring.
The system includes a platform and different equipment. The system includes a fall alarm service
based on a push button pendant and a 24-hour open alarm central.

Fitbit
The Fitbit® Tracker (www.fitbit.com) is commercial accelerometer based device which can be
attached to the waist in the small pocket of the users trousers or for women at the chest via the
underwear strap. Currently it is available for purchase at USD$99. The user can download and
examine their physical activity and sleeping patter via an online system as well as stand software,
see Figure 10. Via the online system, the user can input information about their: diet, activity,
weight, sleeping habit, mental health, heart rate, blood pressure, blood sugar levels. The Fitbit
website provides an advanced programming interface that can be accessed by researchers and
clinicians to observe daily activities or a user and permits recommendations based on short and
long term trends in behavior.
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Figure 10 - A sample of the product interface for the fitbit exercise tracker.

IS-ACTIVE
The objective of IS-ACTIVE (http://www.is-active.eu/) is to devise a person-centric healthcare
solution for elderly with chronic conditions – especially people with COPD – based on the recent
advances in wireless inertial sensing systems. The project emphasizes the role of the home as care
environment, by providing real-time support to patients in order to monitor, self-manage and
improve their physical condition according to their specific situation via a measurement system, see
Figure 11.

Figure 11 - The IS-ACTIVE measurement system.

Figure 12 - User feedback via the smart phone.

Through a home-based interactive exercise program users are encouraged to exercise through
feedback delivered through their TV with dumbell exercises meaured via inertial sensors. Also the
users daily movements are measured using an inertial sensor and if extended periods of sedentary
activity are detected they are encouraged to perform some exercise via a smart phone, see Figure
12.
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Distress care AREION (TeleCare) Emergency Care
This is a comprehensive social service aimed to help elderly people and handicapped people to live
in dignity (http://eng.zivot90.cz/4-socialni-sluzby/10-tisnova-pece-areion). The AREION emergency
service provides fall detection and management services. It is provided through control rooms in
different sites in the Czech regions. It has 1300 clients from 82 towns in seven Czeck regions. The
fall detection and management service includes use of push button pendant systems.

Nuvola IT Home Doctor
This is a service model provided by Telecom Italy in collaboration with a hospital in Italy
(www.nuvolaitaliana.it/.../nuvola-it-home-doctor/). The service monitors physiological and
biological data in order to provide the physician with information that can improve decision
making regarding optimal treatment. At present, measurements of physiological and biological
data only include ECG and blood oxygen levels.

Telecare and remote monitoriong for older people in Veneto Region
TESAN operates telealarm and telemonitoring systems for more than 37 000 people in Italy, and
has contracts with more than 70 public entities (http://www.tesan.it/en/e-healthcenter/technology.html). The service focuses on independent living, prevention, and monitoring.
The system includes a platform and different equipment. The system includes a fall alarm service
based on a push button pendant and a 24-hour open alarm central.
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3 Development of telemedicine service models - The rationale behind and
methodology to be used
The review of scientific literature on telemedicine service models and additional web searches on
health-enabling technology and established telemedicine services in the area of fall detection and
prevention, demonstrated an emerging field when it comes to the use of new technology.
However, many service models have never reached the state of implementation. Furthermore,
details of the service models or documentation on the rationale behind the models are not always
described or detectable. Existing telemedicine services for older people are mostly manual
emergency call services, where fall detection and management is but one part of the service. Most
established services use push button pendant PERS, and the services are run by governmental
bodies. Only some of the services and service models include the user’s social network in the
communication system. So far, most of the telemedicine services within the area of falls focus on
fall detection and management, not assessment of fall risk and exercise guidance.
Based on the review of existing telemedicine services and service models, we will discuss the
rationale behind development of telemedicine service models in the area of fall management and
prevention through the FARSEEING project. Below, we first highlight several points for discussion.

A: Most existing services are within the area of fall detection and management
Most services identified through the searches of relevance for falls, were on fall detection and
management. Two of the important aspects consistently missing in existing fall services and
service models are fall risk assessment and use of telemedicine for fall prevention and exercise
guidance. We only found a few examples of service models that partially included physical activity
monitoring. For example, using the Vivago watch, the user’s activity levels can be monitored
through estimated calorie consumption and a notification be sent to indicate deviation from a 4week average, but the service does not include guidance of exercises.
Most existing services for fall risk assessment include clinical assessment of persons at risk of
falling and are not telemedicine services. The reasons why technology has not been used to
enhance decision making, improve communication between the older person and the health care
system, or give feedback to the older persons on his/her own behavior, are numeral, for example
immature technology as well as lack of identification of important stakeholders and development
of good business plans.
Thus, in the FARSEEING project we aim at applying a user-centered design and to identify
important stakeholders for development of the services. Because telemedicine service models for
fall risk assessment and exercise guidance exist to a very limited degree to date, we find it realistic
to develop the models as proof of concept only. By applying a user-centered design, using existing
services as a starting point for development of the new service models, and performing a
comprehensive stakeholder analysis, we argue that we can develop service models that increase
the likelihood of being implemented in real life after the end of the FARSEEING project.
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B: Few telemedicine services survive beyond the pilot stage
According to Zanaboni et al. [42], telemedicine applications are still in an early adoption stage and
represent immature technology. The authors state that telemedicine has a poor record for
implementation with a fragmented uptake. Reasons for this may be that the advantages for the
users have not been shown clearly enough, that the implementation of such services typically
follows a S-shaped logistic growth curve, and that the cost effectiveness is a necessary but not
sufficient condition for adoption of the service.
These aspects can also be used to understand lack of implementation of telemedicine service
models in the area of fall management and prevention. Firstly, the advantage of applying
automatic fall detection has to be shown to the users. At present, algorithms to detect a fall from
accelerometer and gyroscope sensors are not precise enough. Within the area of fall risk
assessment, new services based on telemedicine have not been implemented at all. In this area,
the stakeholder’s role and needs have to be explored in order to improve existing services in the
area.
The argument about an S-shaped implementation curve for telemedicine services pinpoints that
the implementation takes time. In the area of fall management and prevention, telemedicine is
relatively new when it comes to fall risk assessment and exercise guidance, and time itself may
thus partly explain lack of services in this area.
The third argument about cost effectiveness as a necessary but not sufficient condition for success
of a telemedicine service was also shown for the Griffin Medical alarm
(http://www.medicalguardian.com/griffin-ga-medical-alert-systems-for-seniors). To improve the
chance of success of implementation, a multilevel approach, user involvement from the very
beginning, as well as proper stakeholder analysis have to be a part of the planning and
development.
In the FARSEEING project, we will develop the service models based on a specific case, namely
existing practice in the municipality of Trondheim, Norway. The rationale behind this is to increase
the chance of success by aiming at improving current practice, thus making further
implementations more likely to occur. Although it may be argued that developing service models
based on a single case makes generalization to other places and services more difficult, we
nevertheless argue, based on the limited success of implementing service models so far, that
learning from a successful case makes it easier to implement the models in new settings.

C: The technology to be used in telemedicine services for fall management and
prevention is still immature
Body worn sensor technology is relatively new and has so far only to a small degree been
implemented for monitoring of falls, activity level, and patterns in telemedicine models within the
area of falls. On the other side, telemedicine service models aimed at assessing health status in
cardiac patients and persons with Chronic obstructive pulmonary disease (COPD) make use of
body worn sensors to monitor and assess heart rate, blood pressure and oxygen saturation [17].
Sensors relevant to detect falls and monitor daily physical activity pattern include accelerometers
and gyroscopes. The reasons that this sensor technology has not been implemented in the area of
fall prevention may be several: Reliable algorithms for detection of falls have not been developed
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yet, how to use the information to improve the todays’ services within fall risk assessment and
exercise guidance has not been investigated, and there is still much work to be done on user
acceptance of wearing and handling these systems.
In order to overcome some of these shortcomings, the FARSEEING project aims to improve fall
detection algorithms by developing algorithms based on real falls instead of simulated falls, and to
test the service models comprehensively in usability laboratories, where the user perspective will
be one of the main areas of focus.

D: Technological platforms
Technological platforms refer to technologies that provide generic functionality for the developers
of AAL services. This includes hardware components such as sensors, but also software
components that can be reused such as database software or communication middleware.
Platforms are important because of two inter-related reasons: 1) platforms promote
standardization and reuse and 2) platforms allow new services be developed based on well-proven
and robust technology. A number of European AAL projects have partly worked on developing
platforms. The European project universAAL (2009-2013) was initiated to consolidate the work on
these platforms into one reference architecture for AAL deployments in Europe. This work is under
development and the reference architecture resulting from universAAL will still have a long way to
reach widespread deployment.
Developing platforms is in general a challenging affair. Platforms are by definition to be used by
many actors. Therefore agreements and standards are difficult to reach. Often large commercial
actors push for proprietary platforms that in many cases become the de facto standards. In the
field of AAL open agreements and standards at software level are still premature and informal.
Therefore one challenge is the initiation of an iterative process of community-building and
standardization. This is what is partly being done by the universAAL project.
Other challenges related to AAL platforms relate to the borderline where AAL services end and
other services start. Aging is a long and gradual process. Risk of falling does not just emerge
overnight. Many of the people who will be the recipients of FARSEEING services are already
proficient users of other internet services. A good platform needs to allow for gradual introduction
of new services and interoperate with existing platforms. This is often a challenge for AAL. For
instance, a social fall service (as described in Chapter 4) will have to take into consideration that
most of the family members of the person in risk are users of social and collaborative media.
Acceptance level of services that build on specialized platforms will not be high for these relatives,
which might at the end hamper the whole value proposition from the service.
FARSEEING will not do any research on platforms for AAL or health, but will cooperate with
existing initiatives. A collaboration with universAAL is already in place where the methodology
used (Nidaros Framework, see Chapter 5) is adopted from universAAL and promotes reuse and
platform thinking when building AAL services. Some components from the universAAL
implementation might be reused. In addition, FARSEEING will cooperate with the European project
OPTET where the focus is on trustworthiness of AAL services. OPTET is built on universAAL and FIWARE platforms.
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E: Insufficient assessment of the gains of including the social network in the telemedicine
service models
Recent advances in mobile ICT and sensor technology open up for new care service models. One
possibility is to activily involve an eldery person’s social network in care services. Philips life-line,
Wellcore, and Halo Monitoring (see Sect. 2.5) are examples of systems that include informal
caregivers in the care process in various ways. Such approaches may, in certain circumstances,
yield benefits such as reduced response time in emergency situations, increased safety for older
persons, and reduced concerns among close family members and friends. Currently, however,
there is little knowledge about the factors that affect the acceptance of telemedicine services that
involve the social network of care recipients in the process. As part of the FARSEEING project, we
seek to identify the key value drivers and potential value conflicts among older people, formal
caregivers and informal caregivers in order to inform design of technology and services that
account for human values.

F: Failure to take into account the interests of important stakeholders
In telehomecare and telemedicine, challenges related the need to integrate new services with
services that already existist is regularly not taken into account. Most new telemedicine or
telehomecare services deliver a service that is of value to the service recipient, but many other
stakeholders than the patient influence on whether such a service shall become available for
regular choice and use. This, we believe, might be one of the principal reasons why so many
telemedicine services fail to survive beyond the pilot stage. We hypothesize that success of the
services to be established in the FARSEEING project will hinge on the ability to identify the
stakeholders and think about the services ecosystem in which the services shall live from the very
beginning of the project.
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4 Telemedicine services to be developed in the project
The overall objective of WP5 is to develop and validate feasible telemedicine service models for
detection of accidental falls (Service 1), fall risk assessment (Service 2), and exercise guidance
(Service 3).
Both fall sensor and PERS are detailed in the IEEE Standard 11073-10471™-2008. The service
models presented in this document are aligned with the IEEE Standard 11073-10471™-2008 for a
fall sensor and a PERS messages.
This section gives an overview of how the three services are currently implemented in the
municipality of Trondheim, which is planned as test and validation site for the services models
developed as part of the FARSEEING project. Based on models of how these services are
implemented in Trondheim today, we identify a set of improvement opportunities and provide a
description of how we aim to address each issue in the project. We also provide an overall
description of the envisioned service model developed as part of this project. Research questions
related to development of the service models are described in Table 1, Chapter 1.3.1.

4.1 Service 1: Detection and management of accidental falls
4.1.1 Description of existing service

Fall detection and management in the municipality of Trondheim is currently implemented as a
manual emergency call service. In order to activate the alarm and trigger a response from the
emergency call service, the user must push the button on a portable emergency alarm device,
which communicates with an in-house base station. Pushing the alarm button causes the base
station to telephone the emergency call center, and to activate a loudspeaker on the base station,
so that the user and the respondent at the emergency call center can communicate. The service is
to a large degree comparable to other telemedicine services in this area that are described in
Chapter 2.4.
Figure 13 shows a high-level service blueprint of how the manual emergency call service in the
municipality of Trondheim is implemented today with respect to detection and management of
falls. The blueprint2 gives an overview of how the user, technology, and the emergency call service
(call central and ambulating personnel) interact.
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FigFigure 13 - Service blueprint of a conventional emergency call service with respect to falls.

_________________________________________________________________________
2

The blueprint sets out how the user and organisation (back-office supporting people, processes and systems) interact through five components and three lines: Physical evidence,
User actions, Line of interaction, Visible contact and employee actions (onstage), Line of visibility, Invisible contact, Employee actions (backstage), Line of internal interaction, and
Support processes.
The project is co-funded by the European Community under the Information and Communication Technologies (ICT) theme of the Seventh Framework Programme (FP7/2007-2013). Grant Agreement
n°288940.

4.1.2 Identification of improvement opportunities

In Figure 13 three improvement opportunities (marked IO1 – IO3) with regard to the existing
service model are identified. They form areas of potential concern, which we aim to specifically
address in the fall detection and management service developed as part of the project. The
improvement opportunities have been identified through a combination of interviews with
personnel at the emergency care central in Trondheim, a functional walkthrough of the existing
personal emergency alarm system, and findings from an earlier study [43] describing limitation
with regard to the technology currently being employed for fall detection in Norwegian
municipalities. A short description of the three identified improvement opportunities follows:
IO1: The user fails to activate the alarm
A user who has fallen may find it difficult to activate the fall alarm using the mobile
emergency device (Figure 13). This can for example be the result of injury or shock from
the fall, cognitive deficits, or failure to carry the mobile alarm device when the fall occurs.
Also, a user will not be able to activate the alarm if he or she is located too far from the
base unit of the emergency response system installed in the user’s home, e.g., when the
person is outdoors. Or the user prefers to wait for a relative or friend who is expected to
arrive at a later time, as it has been reported that even when PERS users had the
opportunity to do so, they did not raise the alarm after a fall resulting in a long-lie [31].
IO2: The user fails to provide status about his condition after activating the alarm
Depending on the location of the fall and potential obstructions (e.g., closed doors), a user
who has successfully activated the alarm may not be able to communicate with care
personnel via the alarm system’s loudspeaker to provide information to the emergency call
central about his/her status as they may be unconscious [30].
IO3: Response time
The response time from a user activating an alarm to the help arriving may be prolonged
depending on factors such as current availability of care personnel and travel distance to
the older person’s residence.
4.1.3 Description of intended work – Automatic fall detection and distributed fall management

Through the FARSEEING project we aim to develop an automatic alarm service that will work both
indoor and outdoor. The service should make fall prone elderly people feel safer and give them
good and immediate assistance if a fall happens. A body worn sensor including accelerometers
and gyroscopes connected wirelessly or integrated to a Smartphone, or a Smartphone serving as a
communication unit, will register when a fall happens. A fall will be recognized based on
algorithms developed through the FARSEEING project. This is a part of the work done by WP3 and
WP6 in the FARSEEING project. When a fall is registered, a message is automatically sent to an
existing alarm central. For each person receiving the service it should be defined who should be
contacted when a fall happens (social network). The network will be automatically informed by an
app on the phone when a fall happens. The alarm central is responsible for organizing the help for
the older person, including choosing the appropriate response to the alarm. If the older person
needs assistance, the alarm service will send someone to help the older person.
The fall alarm will be developed to become a part of a future automatic safety alarm service for
older people. In addition to fall detection, the personal emergency alarm technology can include
for example a smoke detector and a GPS tracking system. The development of the service will be
The project is co-funded by the European Community under the Information and Communication Technologies (ICT)
theme of the Seventh Framework Programme (FP7/2007-2013). Grant Agreement n°288940.
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done in close collaboration with the existing fall alarm service in the municipality of Trondheim,
Norway.
The next step in the project is to describe a validation plan for the service model (D5.3, MNTH 24).
The improvement opportunities described in Chapter 4.1.2 will be used to guide this work:
IO1: The user fails to activate the alarm
Automatic fall alarms, using accelerometer and gyroscope sensors embedded in
Smartphones or in small intertial body-worn sensors with user interfaces will be tested
with respect to user friendliness by performing interviews and by running tests in the
usability laboratory. The feasibility of tracking the person’s position by GPS when being
outdoor will be assessed used the same approaches.
IO2: The user fails to provide status about his condition after activating the alarm
Different ways of getting in contact with the older person, by use of loud speakers in the
house or by use of a Smartphone inside the home or outside will be tested through
interviews and small experiments in the usability laboratory.
IO3: Response time
Focus group interviews and case scenarios with staff at the alarm central and in the homecare services will be performed to reveal relevant improvement opportunities. By use of
interviews with users, relatives and health care personnel, we will also assess whether
notifying predefined family members and friends when a fall is registered improves the
quality of the service and reduces the response time.
A blueprint of how the envisioned service may be realized is shown in Figure 14. In the blueprint
an automatic fall alarm is included, and better practice with regards to follow-up of the older
persons who has fallen and the response time is highlighted.
Following a user-centered approach, we plan to design the proposed service in close interaction
with key stakeholder groups as noted above. Methods that may be useful in this context include:
 Interviews of, and focus groups, with key stakeholders
 Formative usability evaluations of the technology that are to be used as part of the
proposed service
 Small-scale field experiments in which falls are simulated
4.1.3 Validation

As a summative evaluation, we plan to evaluate the developed service in a field experiment
involving the emergency care response service in Trondheim municipality and 20 users and
informal caregivers in their social network (D5.4). The field experiment is planned to take place
from MNTH 24-30 of the project. The service will be evaluated with respect to false alarms, time
to receive help for the person who has fallen, and the organization of fall alarm centrals (T5.6).
Details of the validation plan for the proposed fall detection and management service will be
provided in D5.3.
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Figure 14 - Service blueprint showing a hypothetical model of the fall detection and management service developed as part of the FARSEEING project.

The project is co-funded by the European Community under the Information and Communication Technologies (ICT) theme of the Seventh Framework Programme (FP7/2007-2013). Grant Agreement
n°288940.

4.2 Service 2: Fall risk assessment
4.2.1 Description of existing service

Today’s service on fall risk assessment is not a telemedicine service, but is initiated as a response
to a fall that often had resulted in an injury. The older person‘s general practitioner can refer the
older person to an falls outpatient clinic for a comprehensive cross-disciplinary assessment. The
assessment includes clinical medical assessment supported by blood samples and imaging
diagnostics, and tests of mobility, balance, and muscle strength. After the visit in the falls
outpatient clinic, most patients are referred to exercise training in the municipality and are
followed up by physiotherapists, who also follow up on further assessment and decide when to
end the intervention.
4.2.2 Identification of improvement opportunities

With respect to the existing service, we have identified the following opportunities for
improvement:
IO4: Time of intervention
Today’s fall risk assessment typically occurs after an older person has fallen. No
systematic evaluation of fall risk is implemented in today’s service in the municipality.
Identification of persons at risk of falling, but who have not fallen yet, or who have not
injured themselves because of a fall, may improve the service by reducing falls and
burdens related to falls for the older person and to reduce resources and costs related
to treatment and care for these persons.
IO5: Assessment and decision on intervention
Today, decision-making on fall risk is based on clinical decision making based on results
from clinical medical assessment and performance tests. Typically, no objective
information on the older person’s activity level and activity pattern throughout the day
is available. Furthermore, results from performance tests on balance and muscle
strength and self-reported health status are interpreted based on normative values
given from scientific papers and the clinician’s previous experience. No electronic
processing of data for the interpretation of results with respect to fall risk is used.
Figure 15 shows a blueprint of the combined conventional services of fall risk assessment (Service
2) and exercise guidance (Service 3). The figure also shows which aspects of the service process we
aim to improve.

The project is co-funded by the European Community under the Information and Communication Technologies (ICT)
theme of the Seventh Framework Programme (FP7/2007-2013). Grant Agreement n°288940.

Figure 15 - Service blueprint showing a conventional fall risk assessment service.
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4.2.3 Description of intended work. - Sensor-enhanced fall risk assessment

The aim is to develop a service that can estimate older person’s fall risk and demonstrate an
exchange of information between the older person and caregivers about fall risk. This service will
be implemented as a proof of concept.
The model to be developed will include information on 1) medical status, 2) self-reported mobility
and health status, and 3) objectively measured daily physical activity. The older person’s activity
throughout the day will be monitored using sensors in a Smartphone worn at the lower back
and/or inertial sensors attached to the feet. Instrumented mobility tests to assess functional
aspects of balance and muscle strength will be performed using the same sensors. Further
description of such assessment is described in D3.1 and D4.2. The signals from the Smartphone
will be processed to estimate movement metrics (e.g., rest/activity, walking periods, outdoor
activity, posture allocations, transfer between postures) and complexity metrics (WP7, T7.4). A
summary of results will be presented to the physician and physiotherapist responsible for the
follow-up of the older person. The information from activity monitoring will also be sent back
electronically to the older persons to give feedback on their behaviour. Furthermore, the
information will be sent to a physician or a physiotherapist on a regular basis and used as part of
decision making regarding fall risk and fall prevention.
Software and interfaces for presentation of information and exchange of information between the
users will be developed in WP5 and WP3 throughout the project.
A service blueprint showing the overall steps in today’s risk assessment service is shown in Figure
15. We aim to realize the improvement opportunities reported for the fall risk service model in
Chapter 4.2.2 as described below:
IO4: Time of intervention
By using sensors to monitor the daily physical activity level and pattern as well as falls,
detection of persons who have a high risk of falling may be identified earlier than today, and
fall preventive measures (e.g., exercise guidance) may be introduced at an earlier stage than
today.
IO5: Assessment and decision on intervention
Information on the user’s activity level and pattern will be used to improve decision making
regarding interventions to reduce fall risk and prevent falls.

The project is co-funded by the European Community under the Information and Communication Technologies (ICT)
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Figure 15 - Service blueprint showing a hypothethical fall risk assessment service model to be developed thourgh the FARSEEING poject.
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4.2.4 Validation

The service will be developed using an iterative approach (T5.4) and feasibility of the model tested
in the Usability laboratory (T5.5) (described in Chapter 2.2).

4.3 Service 3: Exercise counseling
4.3.1 Description of existing service

Existing services on exercise guidance offered to persons at risk of falling are not telemedicine
services either, but are performed through individual or group follow-up by primary health care
physiotherapists, or by exercise groups aimed at preventing functional decline and fall risk run by
educated exercise instructors. Physiotherapists perform routine clinical assessment on fall risk,
while there is no assessment related to the preventive exercise groups. Exercises run by
physiotherapists can be performed individually in the older person’s home or in a health care
center, or in groups for persons at comparable functional levels in health care centers. Exercise
levels are adapted to each person in the group. The exercise programs focus on balance, muscle
strength, and on safe mobility. Exercises run both by physiotherapists and exercise instructors
often make use of the Otago exercise programme, which is the best documented exercise
program to prevent falls [12].
The existing service is described in the same service blueprint as service 2 (Figure 12). The figure
demonstrates that exercises are initiated as a result of fall risk assessment at an outpatient clinic.
4.3.2 Identification of improvement opportunities

With regard to the existing service, we have identified the following opportunity for improvement:
IO6: Exercise compliance and effect
 The older person may lack the motivation to perform exercises. Failure to perform the
exercises correctly, or performing exercises that are not individually adapted, reduces
the fall preventive effect.
4.3.3 Description of intended work. – Sensor-enhanced fall risk assessment
The objective is to develop a service for a self-adapted intervention (WP7), where the older person
is given individualized exercise guidance based on data on activity level and activity patterns
collected through a Smartphone or a wearable sensor, or by feedback on virtual reality exercise.
This service will be implemented as a proof of concept.
Complexity in movement patterns is a marker of health status. In order to maintain complexity in
behavior in older persons, a virtual reality computerized exercise game will be developed in WP7
(see Figure 16), together with a computerized game based on the Kinect system and body-worn
sensors. The effect of exercise will be evaluated by complexity metrics described in 4.2.3.
Furthermore, Smart-Home Technology will be used to stimulate the user to perform both indoor
and outdoor activity during the day. The exercise programs aim at maintaining and improving
physiological complexity in the user’s behaviour. Further details of complexity are given in D7.1. It
is an objective to individually tailor exercises to the older person’s need and functional level.
Feedback can be given summarized about the older person’s daily physical activity level and
pattern, or in real time when playing the computer games, standing in front of a computer or TV
screen. Information about the older person’s performance can be stored and used to design
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appropriate difficulty levels for future games or as summarized feedback on the user’s own
behaviour.

Figure 16 - Concept for the VR based complex exercise-intervention. The shaded area is envisaged to allow observation
of the progression of the users performance and may or may not be implemented as part of FARSEEING.

We aim to realize the following improvement opportunity for the exercise guidance service model:
IO6: Exercise compliance and effect
 The type of feedback and in which form it should be given will be explored and tested
throughout the project. Further focus for the development of the service will be on
motivational aspects of performing exercises in order to increase uptake of the
intervention.
4.3.4 Validation
The exergame will be tested in a usability laboratory using an iterative approach (T5.4). Testing will
focus on user interface of the exergame, and presentation of guidance and feedback of
performance.
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5 Methodological framework and approach
In this chapter we describe the methodological framework that is being used in WP5 in order to
arrive at the service models and their implementation and deployment in the coming months. The
framework, called Nidaros Framework (NF), is developed in the EU-project universAAL [44]. It is a
framework to perform user centred design as described in the introductory chapter. Although
user-centred design is the starting point for NF, we have adopted user-centred methodologies to
the field of ambient assisted living in order to cope with specific challenges in this field. NF is
under development, and an updated version of the framework itself will be the result of our work
in FARSEEING. NF is an open framework and can be accessed on its web site [45].
In the first year of FARSEEING we have mainly aimed at adopting NF to the needs of FARSEEING. In
addition, we have applied parts of the framework to the services that were described earlier. NF
has been used to guide stakeholder analysis, persona analysis, GUI mock-up design, and a
functioning prototype of service 1, as documented in [46] and [47]. Now that the project group is
familiar with the framework it will be used more extensively in further detailing and
implementation of the services.

5.1 Short introduction and motivation
Ambient Assisted Living (AAL) services are services that aim to enable elderly and other users with
special needs to live independently. Development of such services is often challenging due to a
number of reasons. Two of the challenges are addressed here:
 Lack of communication among stakeholders: AAL services often involve interactions among
multiple stakeholders. Systematic processes and frameworks are needed in order to 1)
promote collaboration among the stakeholders, 2) externalize all expectations and
concerns of all relevant stakeholders, and 3) use these as guiding principles in the
development of new technology. An AAL service that is developed without taking into
account the concerns of these stakeholders will have a higher risk of failure in the market.
 Lack of reuse and standardization: There are few standards for AAL services and
technologies. Sustainable growth in the AAL market requires standards that can underpin
cooperation among actors in the AAL ecosystem. An AAL service that is developed in an ad
hoc manner, without paying attention to available standards and platform functionality,
will have a high risk of becoming a closed system and failing in the market.
The goal of NF is to be a framework that can help make the right AAL services the right way. Focus
on stakeholders increases the chances of making the right AAL services. Focus on reuse and
standardization increases the chances of making the AAL services the right way. NF reuses a
number of existing methodological tools and organizes them in an overall framework in order to
address the two challenges identified above. It is also important to know what NF is not:
 NF is not a methodology for documenting system artifacts. The artifacts used in NF are few
and minimalistic, and are developed for pragmatic use. There are already a number of
good system documentation methodologies available in the market and NF does not
intend to replace them.
 NF does not necessarily result in products. NF's focus is on the front-end of innovation
where new technology concepts or new applications of existing technology are identified.
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NF should be complemented by a system development methodology whenever a product
is the goal.

5.2 Overview of the framework
NF endorses agile and lean. This means, for instance, that iterations and learning from small
development steps are at the heart of the framework. The two main learning cycles in NF try to
address the above-mentioned challenges:
 The make-share-use cycle addresses the challenge related to the lack of communication
among the stakeholders. The cycle is about externalizing the concerns and the interests of
the various stakeholders and to use these concerns and interests in the iterative design of
the AAL service. Make, share, and use refer to the three phases that an AAL service passes
through, i.e., development (make), offering and deployment (share), and in-the-field
operation and usage (use). It is a NF assumption that major stakeholders have concerns
and interests in each of these phases. Iterations in the make-share-use cycle make it
possible to externalize these interests and concerns and to use them in further
development.
 The service-application-platform cycle operates in the technology dimension, and
addresses the challenge related to the lack of reuse and standardization. The goal is to
gradually move from vague "on paper" ideas (the service idea) to initial implementations of
that idea (application) to refactoring and integration with reusable components (platform).
We want to avoid that mature ICT technology is developed to be a closed system. AALrelated platforms and standards should play an integral role during the development of the
AAL service. An AAL service implementation should gradually embrace existing platforms
and standards as part of its development.
The following sections provide a more detailed description of these two cycles. Later on we will
look into what types of specific artifacts are produced during these cycles, and what specific
processes are used within the cycles in order to produce those artifacts. But first we provide a
short overview of the relevant stakeholders in the domain of AAL.

Stakeholders and users
The set of stakeholders to be considered will differ from service to service. An important part of
the framework is to discover the right stakeholders and to encourage their participation in the
process. Based on earlier research in AAL [48] we know that most of the main stakeholders belong
to the following groups:
 Service recipients, i.e., the elderly, their caregivers, family and probably their close
network need to be part of the development process (collaborating with technology
vendors) and service design (collaborating with service providers). In this way we ensure
that the provided service covers the needs of all the end user groups and that the specific
technologies to be used are suited for the needs of the user groups (e.g., accessibility
needs).
 Service providers need close collaboration with the end users and with the vendors of the
technology. Service providers need to make sure that their own concerns and the concerns
of all the other stakeholders (e.g., authorities) are taken into account when developing the
technology and designing the service. They also need to make sure that the resulting
technology will be accepted by the end users.
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 Technology vendors need to have close interaction with service providers and end users in
order to involve them in the development process and to understand their real needs.
They also need continuous collaboration with the authorities in order to make sure that
their technologies are developed in accordance with existing regulations and guidelines.
 Authorities are always an important part of the ecosystem. Although in most cases their
involvement is not direct, authorities have strong impact on the development of AAL
services through guidelines and laws that regulate the development, sharing, and use of
AAL technologies and services.
Within each of the four groups above, more specific and tangible stakeholder groups should be
identified and prioritized for each AAL service being developed. For the purpose of FARSEEING we
have done such an analysis based on existing literature. The results of this analysis are described in
Table 3 in Chapter 2.3.
It is also important to take into consideration that some organizations or individuals might appear
in different roles (e.g., service provider and technology vendor being the same organization).
Stakeholder management is an integrated part of NF and needs to be revisited a number of times
during service development.
As we move forward in the development process, some of these stakeholder groups will be
identified as the users of the final ICT support. Users are those stakeholders who have direct
interactions with the AAL service. Service recipients are the most typical users, for whom the AAL
service will most probably provide some form of user interface (e.g., a graphical user interface, a
sensing interface). In addition, other stakeholders might require other types of interactions with
the service (e.g., an insurance company might require a service usage query interface for receiving
data about service usage).

The make-share-use cycle
Technologies have a development lifecycle, typically starting from an idea or problem definition
and ending in product/service offerings. In NF we focus on three main lifecycle spheres (Figure 14)
Make: This is the sphere where the technology is being developed and refined. This sphere is
traditionally inhabited by technology vendors.
 Share: This is the sphere where a made technology is being offered, sold, provided, and
deployed. This sphere is traditionally inhabited by service providers.
 Use: This is the sphere where the service is being used in real life in order to solve the
problem it was intended to solve. This sphere is traditionally inhabited by service
recipients.
A well-known challenge is to facilitate feedback and communication among the stakeholders in
the different spheres. Normally different stakeholders have their main interest in different
spheres, making communication across spheres challenging. The result is that decisions made in
one sphere are not made optimally seen from other spheres. A characteristic of NF is that the
framework emphasizes the concerns of each stakeholder in all the three spheres and not only in
the sphere that is traditionally relevant for that stakeholder. For instance, end users' concerns can
often be addressed not only in the use sphere but also in the make and share sphere. E.g. "can I
trust that this technology is developed to be robust?" or "can I trust that my personal information
is not shared by my service provider?"
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Figure 14 - Ambient Assisted Living service ecosystem and the make-share-use cycle

The service-application-platform cycle
This cycle aims at promoting reuse and standardization. The approach is shown in Figure 15 and
consists of the three main technical maturity levels being service, application, and platform:
 A service is an agreed-upon value that service providers provide to service recipients. For
instance, providing assistance to elderly living at home in case of a fall injury is a service. A
service can of course be supported by ICT. The goal of the Nidaros Framework is to find
proper ICT solutions to support services.
 An application is a piece of software or hardware or both that can support a service
delivery. An example might be an automatic fall alarm application that can send alarm
messages to an emergency center2.
 A platform is a piece of software or hardware or both that provides a reusable functionality
to applications. Off-the-shelf sensor and database software are examples of platforms. One
goal of the Nidaros Framework is to promote reuse of platform functionality. The
processes in the framework are designed to discover and refactor best practices around
development and usage of platforms.

2

An application in the Nidaros Framework has a second role, and that is to facilitate collaboration among stakeholders.
A simple example of this might be a feedback button that sends some feedback from end user to service provider.
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Figure 15 - The service-application-platform cycle and how standardization and reuse can be supported.

In the same way that different stakeholders are interested in different lifecycle spheres, the three
technical maturity levels are also traditionally inhabited by different stakeholders. Service
recipients and service providers tend to be more interested in the services while technology
vendors are more interested in platforms. Applications have often been where the two camps
meet and as such holds great potential for supporting collaboration among stakeholders.
As shown in Figure 15 a technology standardization process is needed in order to enable reuse. As
part of this standardization the Nidaros Framework Portal (described later) documents best
practices at all the three levels of the service-application-platform cycle in order to enable
comparison, analysis, and technology standardization.

5.3 Example service: Monitoring of persons with dementia
We use this simple service as an example to illustrate how NF can be used. The service asked for is
based on the main idea of monitoring dementia patients:
"Persons with dementia have the tendency to end up in dangerous situations. One common case is
when they leave their home to take a walk and cannot find their way back home. This service will
help the service provider to find a lost dementia patient and bring him/her back home. In case the
patient is injured, the service provider will make sure that the patient is taken care of by health
specialists."

We assume in our example that this is a service that does not already exist. Often in the outset a
service is not defined in more details than the one above. It is our job using NF to end up with an
operational ICT-based monitoring service. In the following sections we will demonstrate how we
can move from this informal description to a formal ICT-supported service.
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5.4 Stakeholder and user analysis
The first step is to identify stakeholders and users. Stakeholders are all the groups that are
interested in the service in one way or another. Users are those stakeholders who will eventually
be provided with some means of interacting with the service.

Stakeholder analysis
In the FARSEEING project we propose to use a stakeholder table similar to the one below:
Table 4: Stakeholder table

Main group
Service providers
Service providers
Service recipients
Service providers
Service providers
Authorities
Authorities
Service providers

Stakeholder name
Trondheim Municipality
Alarm central
Dementia patient
Telenor
Ambulance unit
Data protection
legislators
Data protection
auditors
Taxi company

Power/Interest
10/10
6/10
10/10
5/5
6/6
10/10

Is user?3
No
Yes
Yes
No
Yes
No

10/10

Yes

3/3

Yes

An initial version of this table is developed through a workshop where methods such as ecology
maps [49] can be used. Note that NF does not propose a full-scale stakeholder analysis. There are
a number of good stakeholder analysis methods that can be used to complement NF if necessary.
What is needed here is a simple overview used to remind the design group who should be
involved in the co-creation process.

User analysis
The stakeholder table above (Table 4) is updated regularly and gradually complemented with a
user table, where each of the users from Table has a row:
Table 5: User table

Stakeholder name
Alarm central
Person with dementia
Ambulance unit
Data protection
auditors

Persona name
John
Irene
Svein
Lise

Link to persona profile
Link to web page
Link to web page
Link to web page
Link to web page

Link to persona UIs
Link to web page
Link to web page
Link to web page
Link to web page

The main goal for the user table (Table 5) is to make the users and their interaction with the
system as tangible as possible. The persona method is proposed here but other visualization
methods can also be used. A persona profile web page is created and filled in with relevant
information about each persona. In addition, a link to a web page or similar where one can review
the planned or implemented user interaction mechanisms is provided.
3

This column means whether the stakeholder will actually interact with the ICT-supported service or not. For instance,
Data protection legislators will often provide the framework for data protection but will not interact with the service.
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5.5 Service design
In this phase the focus is on sketching the information system that will support the service.

Stakeholder concerns
One of the first steps is to get an overview of the main concerns and underlying values of the
stakeholders. We propose using a table similar to the concerns table below:
Table 6: Concerns table

Stakeholder name
Trondheim municipality

Alarm central

Dementia patient

Concerns for make
sphere
Develop the service
according to the current
laws and regulations.
Implement support for
alarm protocol X.
Reduce the information
overhead.
Make the UI accessible
for me.

Concerns for share
sphere
Make it easy and costeffective to massdeploy the service
Make it easy to install
the software on my
Windows PC.

Concerns for use
sphere
None

Make it easy to install
the software on smart
phones

Make me feel safe.

Don't make me learn
new technology.

The goal of the concerns table (Table 6) is not to document all the requirements for the new
service. Again there are other very good methodologies for documenting requirements that can
be used to complement NF. A concerns table shows the main underlying desires, values and
concerns of the stakeholders. Preferably these concerns should be categorized into the sphere
they naturally belong. The table should be developed in workshops together with the stakeholders
or through interviews and similar. Other recommended methods include value-sensitive design
[50].

Service descriptions
Once the first versions of the three tables above (Tables 4, 5, and 6) are ready, the focus becomes
on the service itself. There are many interesting methods to be used here. Storyboards, service
blueprints, role playing, group sketching are some examples. The goal is to make a representation
of what happens in the envisioned service, and who is involved in each step during the service
delivery.
Once a first rough service description is defined it might be an idea to revisit the tables from the
earlier stages. This can be the first iteration of the make-share-use cycle. At this point it might
become evident that the value of making the dementia patient feel safe might imply involving
family members as stakeholders in the loop.

5.6 Application development
Once some informal sketch or description of how the service is expected to function is created, it
is time to bring in technology elements that can have potential in supporting the service. The goal
is to create artifacts that can be tested immediately to give impression of what the ICT-supported
service might look like. We propose dividing this phase into two activities, user interaction design
and architecture design.
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User interaction design
The focus here is on deciding and defining for each persona what type of user interaction will be
developed. Do we use mobile phones or stationary equipment? Do we use screens or sound or a
combination? What do the screens look like? What do the buttons and menus look like? How is
the flow from one screen to another? The tools to be used here include mock-ups, paper
prototypes, sketches, wizard of Oz, role play, experience prototypes, and the like. The goal is to
make something that resembles the technology that will be developed. These low-tech low-fidelity
artifacts will gradually be refined into e.g. GUIs on smart phones as the process moves ahead.

Architecture design
The focus for this step is to decide how the different technologies being developed will fit into the
distribution architecture, and demonstrate what it takes to actually deploy the service. The tools
to be used here are box-and-arrow diagrams, UML component diagrams, and UML deployment
diagrams. It is important to discuss what network topology will be used, where the different
servers etc. will be deployed, who will have to invest in what technology, and what type of
network technology will be needed in order to make the service function.
For most pre-study projects it will be too costly to implement the architecture design in a realistic
manner. However, existing prototyping platforms should be used as much as possible to give a
feeling of how the service might function once it is fully implemented. For instance, simple filesharing services such as Dropbox might allow the designers to demonstrate data exchange across
the network without too much implementation effort.

5.7 Platform integration
One of the main goals of NF is to promote reuse and standardization. The platform integration
phase forces the participants to start thinking about this in an early phase before much effort is
invested in re-implementing existing functionality. This phase consists of two steps: function
refactoring and platform mapping.

Function refactoring
In this phase the participants are encouraged to think in terms of generic features of the service.
For instance, for the example monitoring service it might become evident that positioning a
person using a mobile phone is a reusable feature. Much of this refactoring work will be guided by
available platform functionality (see next step) and knowledge from technical people involved in
the project.

Platform mapping
The NF portal (see next section) is intended to build an AAL community where for instance
platform vendors can advertise the functionality provided by their platforms. A preliminary list of
some existing functions was developed during the universAAL project [44] and will be available in
this portal. The platform mapping step will involve finding the right combination of platform that
can support a specific service.

56

FARSEEING
Grant agreement no.: 288940

Deliverable D5.1

5.8 The Nidaros Framework Portal
One of the key elements of NF is the NF portal [45]. Our goal is to make the portal a meeting point
for practitioners where best practices related to NF and user centred design can be exchanged.
FARSEEING will be one of the projects contributing to the portal, in cooperation with other
projects such as OPTET and universAAL.

5.9 Preliminary stakeholder analysis for FARSEEING
WP5 partners performed a literature analysis of existing health and AAL services with the focus on
identifying what stakeholders are normally considered as central when developing new services.
Table below summarizes the current results from this analysis. We will continue with the study,
which is planned to be submitted for publication in 2013.
Table 7: Preliminary results of stakeholder analysis in FARSEEING

Stakeholder
group
Service
recipients

Stakeholder name

Stakeholder description

The citizen

Service
recipients

Family and other
members of the patient’s
social network

Service
providers

The caregiver identifying
the need for the service

Service
providers

Healthcare personnel
engaged in fall risk
assessment and
providing services based
on such (e.g. exercise
guidance)

As the principal benefactor of the system, the citizen / patient
is to be offered a service of high value and quality. A fall
monitoring service also demands the service recipient to feed
his own data to the system. In this, the citizen will have to
assess whether the efforts taken for delivering data to the
system are outweighed by the benefits he receives. Since he
will have to share personal data, the citizen will have to weigh
perceived safety benefits against the possible threats to his
confidentiality. He/she will need to inspect which data have
been collected, and how and for what purpose they are being
used.
These individuals will often be the first to discover the need for
the service. Once the services have been established, those
near the patient also will be interested in some aspects. To
assure that their father or mother is safe, a daughter or son will
need to check whether the fall monitoring service is operative
and functioning. Family members and neighbors might wish to
announce their presence and willingness to participate as
nodes in a fall monitoring network. If the service has detected a
fall, relatives near the patient would not only wish to be alerted
but also to see whether others have been alerted and are
about to provide immediate assistance to the patient.
This might be a geriatrician or the patient's GP, but also a
clinician from a nursing home or an ambulatory nursing service.
The need for the service is identified during meetings with the
patient. The healthcare professional must also have access to
knowledge about the service and how to get the service
implemented in the patient's home.
This might be a geriatrician or someone else specializing in
preventing falls. They will need access to data for use in fall risk
assessments and for use when validating the use of knowledge
and technology in the provision of the service. They would
need to interact with those providing the fall monitoring
services on a daily basis for supervision and counseling.
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Service
providers

Fall monitoring service
providers

Service
providers
Service
providers

Providers of other homebased services
The organization that
funds / reimburses the
service

Researchrelated

Researchers in the
domain of fall risk
assessment and exercise
guidance

Technology
vendors

Software developers and
vendors of technologies
used as part of the
service

Authorities

Health technology
certification bodies

Authorities

Health technology
assessment bodies

Authorities

Healthcare service audit
bodies

This party shall receive requests for the service, and plan and
oversee the establishing and testing of the service in the
patient's home. This party will be responsive for the actual
organization and delivery of the service as well as for
continuous monitoring, detection, and handling of errors. This
institution will license the technology form the vendors. Within
this organization, sub-entities will be responsible for delivering
a 24 hour call-center service and ambulatory teams. As the
institution responsible for a service to the citizen, it will have to
monitor and continuously seek to improve the quality of its
services. The services must be available for audit.
These might be interested in bundling the fall monitoring
services with other services. (e.g., fire alarm).
Organizations that fund healthcare services demand that the
service shall be cost-effective. In the case of an operative fallmonitoring service, the organization that funds the service will
have to assess whether the service is cost-effective and
continues to be of value to the patient.
This party develops new knowledge within the domain of gait
analysis, assessment and mitigation of fall risk (e.g., by exercise
guidance). These stakeholders will be interested in establishing
contact with users of the service for recruiting patients to fall
risk data collection activities as well as to trials exploring the
effects of fall risk reduction programs. Researchers will be
interested in collaboration with the service provider
institutions to tap into data collected as part of the regular
service.
Developers of software, algorithms, sensors, and other
hardware will be exposed their technology to the domain as
part of their regular technology development cycles. Vendors
of health technologies are responsible for establishing trials to
assess and document that the use of their technology is safe.
Vendors also will have to conduct trials to document the
effectivity and value of the technologies. Vendors of
technologies that have been taken into general use are obliged
to assess the safety aspects of the use of their device in any
stage of the life cycle of their technology. This means that a
technology vendor will have to collaborate with those
delivering the service.
Certification bodies have the mandate to assess the safety of
the device, approve its use, and thereby permitting the
technology vendor a right to start marketing the device to
potential customers.
In some countries, a health technology assessment (HTA) body
conducts cost-effectiveness analyses. The technology vendors
generally provide data for such assessments.
Such bodies oversee the delivery of services by service
providers. An audit body has the mandate to inspect the
services of a particular service provider and compare this with
that of an accepted standard. The audit body might demand
that the services provider improves the service. In extreme
cases, an audit body can withdraw the permits of the service
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Authorities

Privacy regulators and
audit bodies

Authorities

Health care authorities

Service
providers

Vendors of broadband
services

provider.
In some countries, this stakeholder will have to approve any
plan to develop a registry containing personal data. During the
application process, those responsible for securing the data will
have to describe how data are to be secured and how data are
to be collected, stored, used, and interchanged. This
stakeholder will have the right to organize audits, i.e., visits at
the site of the service provider to check whether operations are
performed in accordance with regulation and rules.
This stakeholder develops and implements the policies,
regulations, and rules for the delivery of the service.
This stakeholder could use the availability of fall risk monitoring
services to motivate potential customers into purchasing a
broadband service.

5.10 Conclusions
The Nidaros Framework aims at making it easier to develop the right AAL services. The AAL market
is characterized by proof-of-concept and point systems, where learning and reuse are typically not
prioritized. NF does not aim at replacing existing methodologies for e.g. software development.
The goal is to provide a light-weight and flexible framework to apply such methodologies. Some of
the underlying values for us when developing NF are the following:
 Extra focus on stakeholder involvement
 Extra focus on co-design
 Extra focus on agile and lean development
 Not replacing existing methodologies
 Focus on learning while doing

6 Evaluation plan
D5.1 is the first deliverable from WP5 and focuses on the rationale behind telemedicine service
models to be developed through the project. D5.2 is due in month 18 and is a validation strategy
of user interfaces, the fall risk assessment service, and the exercise guidance service, while D5.3
which is due in month 24, is a validation strategy of fall alarm services.
As part of developing a validation strategy for the telemedicine service models, the NF will be
used. As a preparation for describing a validation strategy for the fall alarm service model, focus
groups will be run with staff at today’s fall alarm central and personnel from the health care
system responsible for visiting and assisting the older persons who have activated the alarms, with
users of today’s services, as well as with persons representing the older persons’ social network.
We will use different case scenarios to get valid information content of the new service.
In order to describe validation strategies for the fall risk assessment service model, focus groups
and interviews using different case scenarios with older fall prone persons and health care
personnel will be performed. Explorative studies with older persons’ use of the technology will be
performed in a usability laboratory.

59

FARSEEING
Grant agreement no.: 288940

Deliverable D5.1

Further work with the exercise guidance service model includes close collaboration with WP7 on
defining the most important elements of the service model to be validated in the usability
laboratory. As a part of this, explorative studies will be performed in the usability laboratory,
testing different equipment, exercise situations, and feedback modes.
The work with developing prototypes for user interfaces for different user groups for the services
is initiated and will continue.
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8 Appendixes
Appendix 1. Farseeing telemedical services model literature review
Bibliographic database(s), with search terms










MEDLINE Queries (MESH):
o "Home Care Services"[Mesh] AND "Accidental Falls/prevention and control" (114
Treff)
o "Telemedicine"[Mesh] AND "Home Care Services"[Mesh] AND "Accidental
Falls/prevention and control"[Mesh] (4 treff)
o "telemedicine/organization and administration"[majr] AND "accidental
falls/prevention and control"[mesh] (3 treff)
o "Accidental Falls/prevention and control"[Mesh] AND "Monitoring,
Ambulatory"[Mesh] (60 treff)
ACM (advanced search)
o AAL (i keyword feltet) (54 articles)
o Telehomecare (57 papers)
o "Elderly people" "assisted living" (296 papers)
o "elderly people" "Fall monitoring" (6 articles)
o "smart home" "home monitoring" (76 articles)
o "gait analysis" (796 articles)
o "elderly care" "home monitoring" (19 articles)
o "Fall monitoring" (6 articles)
o "body sensor networks" "Fall monitoring" (4 articles)
o Telemedicine
o Pervasive computing Home monitoring Healthcare
arXiv:
o Home monitoring
o Telemedicine
o Ambient assistant living (0 treff)
IEEE Xplore
o Senior citizens AND Computerized monitoring (63 + 3)
o Computerized monitoring and Smart homes (13)
o Computerized monitoring AND Patient monitoring (559 conf proceedings, 82
journal papers)
o Computerized monitoring AND Medical services (150 conf proceedings 28 journal
papers)
o patient monitoring AND medical information systems (363 conf proceedings, 52
journal papers)
o "Fall detection" (194 + 21)
o Patient monitoringAND Fall detection (58 + 5)
Google Scholar
o FAll monitoring Telehealth

Journals


Journal of Telemedicine and telecare
o "Fall detection" (11)
o "Remote monitoring" (418)
o "Remote home monitoring" (7)
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Telemedicine and eHealth
o Telemedicine service models (14)
o Fall monitoring (122)
o detection(4)
o Remote monitoring (517)
o Patient monitoring (643)
International journal of telemedicine and Applications
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Appendix 2
Service blueprints
Service blueprinting is a technique used in the context of service innovation originally proposed by
Shostack [51, 52]. A service blueprint is a description of key service elements, such as logical
orders of actions and processes. Service blueprints allow specification of user actions and
interactions with other service elements both within and outside the visibility of the user.
A service blueprint typically has the following structure:
Physical evidence: Physical evidence (e.g., tools, user interfaces, and other physical aspects of the
use setting) that the user comes in contact with, or is exposed to, is described at the topmost level of
the service blueprint.
User actions: This level describes actions that the users take as part of the service process.
Frontstage interactions: This level describes touch points or interactions between the user and
service providers occurring within the visibility of, or at the same location as, the user. Service
providers may be people or technology involved in the service delivery.
Backstage interactions: This level describes interactions between the user and service providers
occurring “backstage”, i.e., out of the visibility of the user.
Support process: The lowest level of the service blueprint describes relevant activities carried out
by service providers that are not in contact with the user.
This level often also describes information systems that are used as part of the service process.

65

