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Preface

The present book includes extended and revised versions of a set of selected papers
from the 5th International Conference on Information and Communication Technolo-
gies for Ageing Well and e-Health (ICT4AWE 2019), held in Heraklion, Crete, Greece,
from May 2–4, 2019.

ICT4AWE 2019 received 52 paper submissions from 21 countries, of which 17%
were included in this book. The papers were selected by the event chairs and their
selection is based on a number of criteria that include the classifications and comments
provided by the Program Committee members, the session chairs’ assessment, and also
the program chairs’ global view of all papers included in the technical program. The
authors of selected papers were then invited to submit a revised and extended version
of their papers having at least 30% innovative material.

ICT4AWE aims to be a meeting point for those that study age and health-related
quality of life and apply information and communication technologies for helping
people stay healthier, more independent, and active at work or in their community.
ICT4AWE facilitates the exchange of information and dissemination of best practices,
innovation and technical improvements in the fields of age and health care, education,
psychology, social coordination, and ambient assisted living (AAL). From e-Health to
intelligent systems, and ICT devices, the conference is a vibrant discussion and col-
laboration platform for all those that work in research and development and in com-
panies involved in promoting the quality of life and well-being of people, by providing
room for research and industrial presentations, demos, and project descriptions.

The papers selected to be included in this book contribute to the understanding of
relevant trends of current research on information and communication technologies for
ageing well and e-Health. In the next section we would like to demonstrate the diversity
of papers, shortly referring to the topics and the research which is addressed in the
papers of this book.

The first paper deals with the development of a digital environment for the man-
agement of Type 2 Diabetes, in which Vincenzo De Luca and his co-authors report on a
novel project, in which the collaboration between public administration and ICT
industry for purchasing R&D services is fostered. Telmo Silva, Carlos Silva, and
Martinho Mota evaluate iTV companion application and present the results of testing a
second-screen mobile application designed for senior users. The project on which the
study is based aims at promoting the info-inclusion of Portuguese senior population.
Reacting to the importance of good physical conditions and balance control, Christos
Goumopoulos and Michalis Chartomatsidis report on the development and evaluation
of a new exergame for seniors. The same topic is addressed in another paper, authored
by Stephanie Jansen-Kosterink and co-authors, which shows the findings of an iterative
evaluation process of mHealth applications for supporting older adults’ motivation to
stay active. Even though AAL solutions do provide a market of service provision for
older adults and their caregivers, yet, public awareness and end-user involvement in



AAL solutions fall short. Rita Tavares Sousa and her co-authors develop a strategy how
public attention can be raised for such solutions. Stroke is a common and severe disease
not only, but especially for older adults. Peter Mozelius, Karin Ahlin, and Awais
Ahmad discuss technology enhanced stroke rehabilitation from a three-fold view of
cognitive, motoric, and speech rehabilitation. An author group around Torben Volk-
mann and his co-workers demonstrate how older adults can be efficiently integrated as
co-designers throughout the development process of a storytelling input component for
the Historytelling project, a digital interactive platform for older adults to share life
stories across generations. The question on whether technology can support ageing is
addressed by Wiktoria Wilkowska and co-authors, by reporting empirically assessed
German users’ opinions on ageing and use of health-supporting technology. The
findings my help to define indicators which contribute to a long-term adoption of
medical assistive technology in modern societies. Finally, but not least, in the last paper
by Marco Alfano and his co-workers the main characteristics and requirements of
online health seeking are demonstrated and a system that allows non-medical experts,
but also medical experts, to retrieve Web pages with language complexity levels
suitable to their expertise is presented.

We would like to thank all the authors for their contributions and also to the
reviewers who have helped ensure the quality of this publication.

May 2019 Martina Ziefle
Leszek A. Maciaszek

vi Preface
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Abstract. Demographic change represents the most significant challenge of the
21st century. The aging population around the world will foster a consequent
change in labor markets, wealth distribution, request of goods and services, as
well as social and healthcare needs. The number of survivors to once deadly
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conditions, as well as the age associated increase in degenerative chronic con-
ditions will represent a severe stress to our systems, that will not be sustainable
any longer. At the same time, longevity might become an opportunity for the re-
organization of services, leading to a new era of opportunities for economic and
social prosperity. These challenges require a strong interdisciplinary approach in
the identification of unmet needs, and new social, health and technological solu-
tions, that are demand-driven and user-oriented. ICT is going to be the key to
many of these revolutionary services. The European Community has proposed a
new grant instrument to foster the collaboration between public administration
and ICT industry for purchasing Research and Development services in order to
develop a novel Information and Communication Technology solution, called Pre
Commercial Procurement. ProEmpower is such a project aimed to enable patients
to early diagnosis, daily management, and clinical data collection for people with
type 2 diabetes. The project goes through a call for tenders issued by a consortium
of four public procurers, that jointly defined a set of requirements and use cases,
in collaboration with end-users, for the development of innovative solutions This
manuscript describes the process that has led to the selection of two solutions that
will be tested by end users in the four regions.

Keywords: Pre-commercial procurement · ICT · Technical specifications ·
Diabetes mellitus · Innovation

1 Introduction

Public procurement is the process bywhichpublic authorities - including all levels of gov-
ernment and public agencies - purchase goods and services or commission works. These
contracts represent a significant share of the European Union (EU) market, accounting
for around 14% of its gross domestic product (GDP) [1, 2]. Horizon 2020, the EU frame-
work program for research and innovation, has introduced two innovative forms of public
procurement: Public Procurements for Innovative Solutions (PPI) and Pre Commercial
Procurements (PCP) [1].

PPI denotes a procurement procedure in which the contracting authorities act as
launching customers for innovative goods and services that are not yet available on
a large-scale commercial basis and which may include evidence of compliance. PCP
denotes the procurement of research and development services that provide for the
sharing of risks and benefits to market conditions and the competitive development by
phases, in which a separation of the research phases is envisaged; if the goods or services
developed during the research and development phase are to be purchased, this should be
based on a separate procurement procedure. Pre-commercial procurement is excluded
from the Public Procurement directives and in 2007 the European Commission (EC)
developed specific guidelines for Member States explaining how to develop procedures
for pre-commercial procurement [2].

Innovative public procurement plays a key role in improving the efficiency and qual-
ity of public services and at the same time addressing major societal challenges. They
contribute to obtaining the best quality/price ratio as well as broader economic, envi-
ronmental and social benefits through the generation of new ideas and their translation
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into innovative products and services, thus promoting sustainable economic growth, to
the advantage of European companies and Small and Medium Enterprises [3].

The rising demand for health, social and informal care services, due to the demo-
graphic ageing and the growing burden of chronic diseases, coupled with limited public
resources for health and social assistance are pushing Member States towards of the
digital transformation of health and care in an aging society. At the same time, the mas-
sive quantity of generated data sparked the development of new techniques to analyze
and elaborate biomedical datasets [4–6]. The development of information technology
tools and methods, like simulation models [7, 8] and decision making techniques [9], is
helping both clinicians and patients and improving healthcare quality as well as health
technology assessment [10–12]. A number of industrial players, regional authorities,
professional organizations and multi-stakeholder platforms such as the European Inno-
vation Partnership on Active and Healthy Ageing, created a Blueprint on the digital
transformation of health and care in Europe [13]. By developing “personas”, “use cas-
es”, and “scenarios”, the Blueprint approach enables a deeper understanding of the target
group user’s interaction with a particular technology, to guide the design process. [14].

By promoting innovation on the demand side and by orienting the development
and the first application of innovative solutions to public and market needs, innovative
public procurements can allow customers to avoid the costs deriving from unnecessary
functions, prevent lock-in to a single supplier and to take into account the long-term
needs of the public sector [15].

Type 2DiabetesMellitus (T2DM), once a chronic disease of theWest, has now spread
to every developing country representing one of the most common chronic diseases
whose incidence is increasing worldwide [16]. About 336 million people in the world
had T2DM in 2011 with an estimated increase to 552 million of cases in 2030 [17].
T2DM is associated with severe complications that impair the quality of life. Obesity,
cardiovascular diseases, weight gain, physical inactivity or a low fiber diet with a high
glycemic index have been associated with an increased risk of T2DM [18].

“Procuring innovative ICT for patient empowerment and self-management of type
2 diabetes mellitus” (ProEmpower) is a PCP project, financed by EC’s Horizon 2020
Programme, aimed to procure innovative Information and Communication Technologies
(ICT) solutions for patient empowerment and self-management of T2DM. The objective
of the project is to purchase research and development services in order to develop a novel
ICT tool able to facilitate the lives of people with T2DM, supporting them in disease self-
monitoring, improving their daily lives and allowing the health organizations to manage
their clinical data to prevent diabetes complications. The project involves four public
procurers across Europe (Turkey, Portugal, Campania and Murcia) that cooperated to
develop detailed specifications for new diabetes management processes supported by
fully integrated ICT solutions [19]. All procuring partners are fully committed to large-
scale procurement of ICT enabled, patient-empowered and continuous diabetes care,
based on the outcomes of ProEmpower.
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2 Methods

2.1 A Vision to Guide Requirements

The buyers’ wishes have been merged into a common vision within the project. A
shared vision document was drafted which identified the building blocks of continuous
diabetes self-management. It was rendered as a story using two different view-points
– the patient’s and the healthcare professional’s. The document underwent an extensive
review process by consortium members and experts.

2.2 Co-design with Target Groups

To ensure that the system is properly embedded into care processes, working routines
and end-users’ day-to-day life, ProEmpower includes a co-design work strand running
in parallel to all phases of the PCP. This work strand encompasses requirements analysis,
iterative development of uses cases and service process models as well as the develop-
ment and conduction of training activities supporting the necessary change management
in each country or region. In terms of requirements elicitation, users are actively involved,
through a questionnaire, in identifying needs and providing opinion on possible func-
tions (functional requirements) which are given to them. The questionnaire also includes
open questions to capture users’ personal expectations of ProEmpower. Users are under-
stood as diabetic patients, healthcare professionals treating them, and informal carers
who help patients with their daily diabetes management.

The collected information was used to inform the elaboration of functional, non-
functional, legal and regulatory requirements. Each requirement was described using
ID, name, summary, and priority for implementation.

2.3 Use Cases

A set of use cases and service process models has been developed in ProEmpower. Each
use case is described in full detail with one corresponding process model with the same
name and ID. Use Case development includes the following activities:

• Identify all the different users of the system;
• Create a user profile for each category of users, including all the roles the users play
that are relevant to the system.

• For each role, identify all the significant goals the users have that the system will
support.

• Create a use case for each goal, following a use case template (Fig. 2).
• Maintain the same level of abstraction throughout the use case. Steps in higher-level
use cases may be treated as goals for lower level (i.e., more detailed), sub-use cases.

• Structure the use cases. Avoid over-structuring, as this can make the use cases harder
to follow.
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2.4 Business Process Model

The process models follow the Business Process Model and Notation (BPMN) 2.0 open
specification maintained by the Object Management Group (OMG) [20]. The primary
goal of BPMN is to provide a notation that is readily understandable by all business
users, from the business analysts that create the initial drafts of the processes, to the
technical developers responsible for implementing the technology that will perform
those processes, and finally, the business people who will manage and monitor these
processes.

Service process model development includes the following activities:

• For each use case, create a first outline of the processmodel set based on the developed
use cases.

• Refine the process model set based on feedback from the procurers (as by definition
BPMN should be understandable and utilized by all business users).

• Create a final set of process models to validate technical accuracy against the BPMN
specification.

2.5 Open Market Consultation

In order to develop an open and inclusive dialogue between end users, buyers and sup-
pliers that enable new relevant and user-friendly solutions for the good of patients,
clinicians, regions and benefit the participating companies, five Open Market Consulta-
tion (OMC) workshops were organized in Ankara, Lisbon, Murcia, Naples and Sofia,
and one webinar. The aim of OMC is to create awareness about possibilities for inno-
vative/dialogue based procurement strategies, communicate the challenge to potential
bidders, and get input for the tender material and process.

2.6 Call for Tenders

PCP means that public procurers challenge innovative players on the market, via an
open, transparent and competitive process, publishing a call for tenders to develop new
solutions for a technologically demanding mid- to long-term challenge that is in the
public interest and requires new research and development services.

The PCP selection process involves three phases (Fig. 1):

Phase I (Concept Design, Solution Architecture and Technical Specifications) aims
to verify the technical, economic and organizational feasibility of the proposals with
respect to the pros and cons of potential alternative solutions;
Phase II (Development of Prototype Systems) aims to verify to what extent the main
characteristics of the prototype correspond to the requirements indicated by the procurers
for the desired solution;
Phase III (Development and Testing of Pilot Systems) aims to verify and compare the
efficiency of the solutions in real operating settings, involving the end-users for which
they are intended.

The ProEmpower PCP project ends after phase III without procurement at scale.
This can be subject to PPI during which procurers aim at the deployment of commercial
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Fig. 1. ProEmpower PCP phases [19].

Fig. 2. Overview of the criteria and expertise needed by the Evaluation Committee Members.

volumes of end products and the wide diffusion of newly developed solutions. As this
is a separate phase, other suppliers may also enter the competition.

The evaluation of the tenders is performed by an Evaluation Committee which is
assisted by an Expert Board. The ProEmpower Evaluation Committee consists of experts
from the ProEmpower consortium, on procurement, clinical, technical and business
issues. Each procurer nominated three experts to represent them, leading to a total of
twelve Evaluation Committee Members.

The Committee applies exclusion and compliance criteria and then evaluates eligible
tenders on the basis of the award criteria. Weightings in terms of points and thresholds
have been assigned to each of the criteria.
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Depending on the phase, the weightings were adjusted, both in terms of points and
thresholds, to reflect the characteristics of the PCP phase. Selection of suppliers in each
phase was based on a price-quality formula:

Score for tender X = (Cheapest Price/Price of tender X ∗ 100 ∗
Price weighting of 30%)

∗
Total quality score (out of 100) for all award criteria of tender X ∗

Quality criteria weighting of 70%

The result is formally accepted by the Evaluation Committee in face-to-face
meetings.

3 Results

3.1 Key Actors’ User Stories

Two user stories have been visualized using a diagram (Fig. 3) to represent:

Fig. 3. The ProEmpower vision – diagram.
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• the key actors to be engaged in the ProEmpower solution;
• the aspects for which the suppliers need to develop solutions described in a non-
technical way as to allow for creativity and innovativeness;

• the existing infrastructure, knowledge and settings the suppliers need to take into
account.

ProEmpower is targeting the majority of the population already diagnosed with
diabetes mellitus or is in danger of developing this chronic disease. One aim is to close
the gap between the onset of diabetes and its detection. Scientific guidelines for the
detection of diabetes mellitus and its pre-diabetic states, Impaired Fasting Glucose (IFG)
and/or Impaired Glucose Tolerance (IGT), are to be respected (Fig. 4).

Fig. 4. Diagnostic Algorithm for the diagnosis of diabetes mellitus of the German Diabetes
Association [21] in line with IDF [22].

The ICT-based ProEmpower Procurement Solution focuses on supporting patients
and medical staff when glucose levels are regularly elevated. This means, persons with
IFG and/or IGT are a target audience, besides those with type-2 diabetes. Type-1 dia-
betes patients and pregnant women are excluded since these patients require different
specialized medical care.

3.2 From End-User Questionnaires to Requirements

The questionnaires were finalized in order to collect end-users opinion and translated
into Turkish, Spanish, Portuguese and Italian.



Developing a Digital Environment for the Management of Chronic Conditions 9

The ProEmpower procurers have compiled over 165 requirements for new ICT-
enabled diabetes mellitus management solutions for their regions. The requirements
were grouped into key topics according to the Chronic Care Model, as shown in Fig. 5.

Fig. 5. ProEmpower diabetes management building blocks [19].

3.3 Use Cases and Their Corresponding Process Models

All four procurers took part in the development of commonuse cases and processmodels,
by nominating dedicated persons to take part in a procurement working group.

The following diagram, in line with the vision of the project, guided the development
process (Fig. 6).

In total twelve use cases and their corresponding process models have been defined:

• Enrolling patients into ProEmpower (UC0)
• Integrating data from different sources and ensuring interoperability (UC1)
• Capturing patients’ level of knowledge and capabilities (UC2)
• Delivering personalized information using data analysis, monitoring and continuous
machine learning (UC3)

• Forecasting daily blood glucose long-term effects (UC4)
• Enabling information exchange through messaging (UC5)
• Coaching on physical activity and nutrition & food for diabetics (UC6)
• Providing diabetes training to patients (UC7)
• Working with a Diabetes Shared Care Plan (UC8)
• Setting and tracking targets (UC8-1)
• Managing events (UC8-2)
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Fig. 6. Overview of ProEmpower aspects which require specification via use cases and process
models [19].

• Medication and dose management (UC8-3)
• Generating, viewing and exporting reports (UC8-4)
• Participation in self-help and peer support community (UC9)
• Peer mentoring (UC10)
• Flagging undiagnosed type 2 diabetes patients (UC11)

The ProEmpower solution will differentiate between user types and include new
users in the system – physicians, patients, their informal caregivers and other healthcare
specialist professionals whose services are required occasionally.

Each procurer will have an overall administrator who can create new physician ac-
counts. Physicians themselves will enroll new patients and their informal caregivers into
ProEmpower, as well as include specialist colleagues. The credentials will, as much as
possible, re-use existing information and local authentication techniques. They will be
used throughout the entire ProEmpower service, including for accessing the Shared Care
Plan and the envisioned community platform (UC0).

A key requirement for the ProEmpower solution is that it is interoperable with exist-
ing systems and with other devices which are necessary to capture certain physiological
parameters. The specific parameter depend on the characteristics of the proposed solution
and the data it requires for its algorithms (UC1).

In order to enable personalized information delivery and personalized communi-
cation, the ProEmpower solution will process characteristics related to the patient’s
ability and limitations as well as awareness of and attitude to and diabetes, nutrition
and physical activity. By taking standardized tests when enrolled into the ProEmpower
solution, patients provide one piece of the necessary data to enable a more personalized
ProEmpower service (UC2).
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A key expected innovation in ProEmpower is the combination of different data and
its monitoring, analysis and processing to deliver personalized decision support to the
patient and the healthcare professionals involved (UC3).

The ProEmpower service is expected to make possible a personal in-silico simula-
tion of the patient’s blood glucose - insulin interactions based on their glucose-insulin
metabolism. This will help achieve a low blood glucose level variation and support the
doctor in understanding the patients’ long term metabolic profile. It will also sup-port
the patient in dealing with travelling and stress, and in adopting a more active lifestyle
(UC4).

The different actors in the ProEmpower environment need to be able to exchange
information. A question from a patient which requires no more than 30 s to be answered
can be more effectively dealt with using a messaging system rather than a live consulta-
tion. The ProEmpower solution will make such exchanges possible, but also set mean-
ingful restrictions for the communication. For example, a physician cannot be contacted
by a patient at any time or for any reason. The ProEmpower solution will discourage
excessive messaging as much as possible, by advising the patient to refer to existing
within material the system before a message is sent. There will be clear expectations
with regard to the responsiveness of the physician (UC5).

ProEmpower patients will receive comprehensive long-term coaching on nutrition
and food choices and ideas which are suitable for type 2 diabetic patients and in line
with personal preferences.Harmful effects (such as intolerances and undesired food-drug
interactions) will be avoided. Similarly, patients will receive comprehensive long-term
coaching on how to prevent and change a sedentary lifestyle (UC6) [23].

After being diagnosed with diabetes, the patient will be given diabetic training at a
healthcare facility by professionals. The physician will refer the patient to the diabetes
nurse/nurse/diabetes educator depending on their availability. Once a nurse takes over,
they will retrieve from the system patient data and more specifically, the level of disease
in order to determine which modules/topics should be covered in the training (UC7).

The Diabetes Shared Care Plan will provide the physician and the patient with a
common document to help manage the disease. The document will feature a patient
interface and a professional interface. The Shared Care Plan represents a structured way
inwhich the patient and their physician can organize themanagement of the patient’s type
2 diabetes. Other actors may be involved as observers (e.g. informal caregivers having an
overview of the situation by viewing reports, or specialists who review measured values
for different physiological parameters needed for assessment). The document will be
accessible online, to be used by the physician during visits, or by the patient at home.
The Shared Care Plan will allow to set up and track goals, schedule events, manage alerts
and notifications, medication and dosage, as well as view, generate and export reports
(UC8). The ProEmpower users (professionals, patients, informal caregivers) will have
access to a dedicated community that will foster the exchange of information, peer
engagement and regular communication (UC9).

A supportive Community of Practices of end users, distributed in between peer men-
tors and mentees, will share and exchange experiences, knowledge and other contents
related to Diabetes type 2, using different channels such as face-to-face or virtual net-
works. Peer mentoring, a will establish relationships based on trust between end-users,
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which will complement the guidance by non-peers (health care professionals) and con-
tribute to enhancing the sustainability and effectiveness to the intervention as a whole.
(UC10).

The ProEmpower solution will provide an algorithmic module that uses available
existing patient data to identify those patients who may have diabetes type 2. Predictors
of diabetes are age, body mass index (BMI), prescribed medication, patient history
(family), etc. The identified patients will be flagged, and a list/report provided to the
physician in charge of their care. Alternatively, the physician may initiate a request to
run the module for a specific patient (e.g. during a control visit) (UC11).

3.4 Results of the Open Market Consultation

A total of 172 companies registered for the OMCworkshops. Out of them, 126 different
companies attended, accounting for 189 attendees. Most of the attendees came from the
procurers’ countries: Italy, Portugal, Spain and Turkey, respectively. Regarding the type
of companies, most of them where SME/Startups (43%), followed by large companies
(31%) (Fig. 7).

Fig. 7. OMC participants profiles.

3.5 Results of the Evaluation Process

A total of 15 tenders applied to the call for tenders. All electronic submissions were
registered and IDs used to ensure smooth operation and efficient discussion among the
Evaluation Committee Members. From the 15 tenders, four did not pass the exclusion,
selection and/or compliance criteria evaluation. Out of the 11 tenders evaluated on the
award criteria, four failed one or more award criteria thresholds and seven were ranked
based on the total award score. After applying the quality-price formula, out of the seven
remaining tenders, the five highest ranked according to quality-price ratio were within
the phase for the budget. Two ranked proposals were not among the winning tenders
according to the budget phase limit.

The five awarded solution were:

• DM4ALL from a consortium led by GNOMON INFORMATICS S.A. (Greece);
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• DiaWatch from a consortium led by Tech4Care srl (Italy);
• CarpeDiab from a consortium led by Health Insight Solutions GmbH (Ger-many);
• SHaDE from a consortium led by Hemosoft Bilisim ve Egitim Hizmetleri A.S.
(Turkey);

• Linkcare from Linkcare Health Services SL (Spain).

During phase I of the ProEmpower PCP the contractors worked on improving the
solution design of the offers made during the call for tenders. The vendors developed in
detail the solution design and determined the innovative solutions to be implement-ed
during the subsequent phases.Theyprovideddetails regarding the technical, financial and
commercial feasibility of the proposed concepts and explained the approach to be used
to meet the procurement requirements. They also incorporated recommendations made
by the evaluators in their report. Out of the five offers evaluated on the award criteria,
all five met the minimum score thresholds. All five proceeded to being evaluated by
applying the price-quality formula after being ranked by award scores. Three supplier
consortia have been selected for phase II of the ProEmpower PCP:

• DM4ALL;
• CarpeDiab;
• DiaWatch.

During phase II of the PCP the suppliers produced two versions of prototypes of
their systems. The prototype demonstration was conducted in the form of face-to-face
meetings between the supplier and each procurer, on the procurers’ premises. The pro-
curers invited healthcare professionals and patient representatives in order to receive
feedback to be used in the evaluation process. The feedback was in the form of answers
to a questionnaire (one for patients and one for the healthcare professionals). The results
were considered when evaluating the suppliers based on the award criteria (e.g. value
of benefits for patients). After applying the quality-price formula the top two highest
ranked offers, DM4ALL and DiaWatch, have been accommodated within the budget
foreseen for phase III.

4 Conclusions

Growing public unmet needs and interests require not only innovation in itself, but also
innovative ways to trigger, finance and support Research and Development processes
until the new products and services that meet these needs arrive to a marketing phase.

Consistent to what happens in the more general scheme of public-private partnership
(PPP), the procedural and contractual model of the PCP essentially refers to a form of
financing of specific business activities, with consequent sharing of risks and benefits
between public sector and Industry. However, the peculiarity and legal complexity of
PCP lies in the way in which the contractors are selected and in the regulation of their
relations with the public procurer. The greatest advantage that we can derive from the
PCP is the strong role of the demand by public procurers in addressing the development
of new solutions that can respond to real critical situations, directly ascertained by end
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users (professionals and patients). The development of a joint call for tenders, that
procurers from four countries launched, led the procurers and providers to the challenge
of developing a solution that should be adapted to different contexts. In fact, starting
from the requirements and use cases set up in the design phase, it emerged that the
4 procurers asked for a solution in 4 languages, interoperable with different levels of
sophistication of their IT systems and organizational models.

The functionalities requested by the end users mainly concerned the improvement
of the communication between professional and patient, with particular attention to the
quality and safety of the data on the clinical parameters of the patients,with the possibility
of being able to compare the health outcomes in the medium/long term, between follow-
up visits, and patient’s empowerment with respect to the disease awareness, medication,
nutritional and lifestyles prescriptions.

In addition to the consistency with the identified requirements, an important aspect
for procurers for the selectionwas their ability to provide a solutionwith increasing levels
of maturity, within the time frame established by the call for tenders. The operation and
the level of maturity demonstrated during the site visits of the providers made it possible
to verify the feasibility of the proposed solutions.

The ProEmpower solutions developed by the two supplier consortia in phase III of
the PCP are tackling the challenge of rising incidence rate of diabetes by developing
disease self-management solutions that provide a more effective, personalized diabetes
management for patients with type 2 diabetes.

The main technical challenges addressed in the solutions are: person-centered care,
personalized care, multi-disciplinary care, early detection, personalized decision sup-
port, self-management support, self-help and peer support, a learning healthcare system,
interoperability and integration.

In conclusion, ProEmpower has already demonstrated the validity of the PCP model
for promoting ICT solutions that integrate patient empowerment and healthcare rational-
ization. The conclusion of the pilot deployment with patient will provide evidences that
newmodels of integrated healthcare supported by ICT are also effective and sustainable.
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Abstract. Populations of many countries in the world are facing new
challenges caused by the current demographic shifts, resulting in a strong
increase of the part of society aged 65 years and older. Alongside with
economic consequences connected to this phenomenon, societies have
to provide improved health care standards, accordingly to the higher
needs and requirements of seniors. Assistive technologies (e.g., lifelogging
technologies) in the health-related context are capable to support some
of the challenges arising from a higher life expectancy and offer more
autonomous lifestyle of seniors. However, to be successfully adapted such
technologies must be well accepted among diverse potential users. This
study examines in an online-survey with N = 585 participants current
attitudes towards aging and quality of life in old age, as well as indicators
of acceptance for health-supporting technologies, which are meant to
support seniors and/or persons with chronic disease(s) in their private
environments. In addition, this study examines whether user factors like
age, gender, and health status significantly affect these opinions. The
findings provide valuable insights into these research aims, supporting
the understanding of currently changing aging concepts and indicators
which contribute to a long-term adoption of medical assistive technology
in modern societies.

Keywords: Aging · Medical assistive technology · Technology
acceptance · User diversity

1 Introduction

This article is an extended version of a conference contribution [1] and aims
under consideration of user diversity at an analysis of current opinions on two
important developments which increasingly affect aging societies: the perceptions
of aging and the deployment of health-supporting technologies.

Demographic change causing increasing proportions of older people in need
of care represents an enormous challenge for feasible and sustainable health care.
In more detail, higher proportions of older people – having diverse and specific
needs regarding support in line with shortages of care personnel – pose major
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economic, political, and social strains for both, the care sectors in specific and
the society as a whole [2,3].

Taking Germany as an example, current developments show that a fifth of
the population was aged above 65 years and more than a tenth of the population
was aged above 75 years of age in 2014. Doing justice also to rising care needs,
it has to be considered that almost two thirds of people aged beyond 90 years
were in need of care and that the problematic situation of too few people being
able to pay and care for seniors is more critical than ever before [4].

The integration of medical assistive technology in everyday life has the poten-
tial, on the one hand, to facilitate the professional life of care personnel, and on
the other hand, to support older people in being more independent and being
able to stay longer at their own home environment. Current developments in
the field of ambient assisted living show a broad variety of functions and appli-
cation potential of single devices, but also complex connected assistive smart
home systems, reaching from support of health care by reminding and emergency
detecting functions [5], to digital social interaction [6], or facilitating everyday
life using automated smart home functions [7].

Besides these technical solutions and their opportunities, the (potential)
user’s acceptance is a prerequisite for a sustainable usage and integration of assis-
tive technologies in everyday life [8]. Previous research in this field has already
shown that the acceptance of assistive technologies differs with regard to spe-
cific user groups and their characteristics (e.g., different ages, gender, health
status, previous experiences; see Sect. 2.2). Besides demographics, it should also
be considered that people’s perception of their own person, their aging, and
aging itself could be relevant factors for the acceptance of assistive technology.
With regard to the perception and mental concepts of aging, research has pre-
dominantly focused on the deficit approach, connecting the process of getting
older with negative aspects, such as declining skills, loss of mental and physical
integrity, or dwindling interests (e.g., [9]). In contrast and with regard to com-
parably recent research, aging is also considered to be associated with higher
optimism, well-being, and higher interpersonal trust [10]. This is in line with
the development that older people are increasingly motivated and interested in
a healthy living, in shaping their lives actively, and in being more open-minded
towards technology with its assistive functions and benefits [11].

Having these changing patterns and ideas of aging in mind, it is of major
importance to a) investigate diverse people’s perceptions of aging, b) their per-
ceptions and acceptance of using medical assistive technology, c) the impact of
different user factors (age, gender, health status) on these perceptions, and d) if
the perception of aging relates to the acceptance of medical assistive technology.
For this purpose, the current study applied an online questionnaire and empiri-
cally investigates a broad sample of (older) participants, having experiences with
chronic illnesses.
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2 User-Dependent Acceptance of Assistive Technologies

Within the following section, the current state of the art is presented, starting
with research on perceptions of aging and acceptance of assistive technology.
Subsequently, research on impacting factors regarding the diversity of potential
users is summarized. Finally, the research focus and aims of the current study
are presented.

2.1 Perception and Acceptance of Assistive Technologies

Future users’ positive perception and acceptance are key prerequisites for inte-
grating medical assistive technologies sustainably in the everyday life of (older)
people in need of care [8]. Numerous studies in the field of medical technology
acceptance approved that the perceptions of benefits and barriers are closely
related with the acceptance and intention (not) to use medical assistive tech-
nologies.

Most studies conducted in this research field revealed a positive atti-
tude of the participants, acknowledging the technology-related advantages
(e.g., [12,13]): In more detail, an increased feeling of safety, a more indepen-
dent and autonomous life, a longer staying at the own home for older people,
and also the relief of relatives (in assistance and care) are mentioned to be the
most appreciated benefits of using assistive technology. Nevertheless, some per-
ceived barriers have been proven to be relevant having the potential to hinder
the acceptance of medical assistive technologies. On the one hand, the potential
violation of the individual privacy represents a severe barrier of using assistive
technologies mainly due to aspects such as handling of recorded data, data stor-
age, and the question of who has access to technology- or system-related data
(e.g., [13,14]). Other relevant barriers deal with the feeling of being supervised
and controlled or the feeling of isolation due to a substitution of human contact
and care by technology [15]. In the last years, research in this field showed that
the acceptance of medical assistive technology depends on the respective appli-
cation context and on the specific type of the technology (e.g., [16–18]). Besides
these impacting parameters, research has also revealed that the acceptance of
medical assistive technology differs with regard to the respective user group and
their specific requirements.

2.2 User Diversity as Impacting Parameter(s)

Whenever perception and acceptance of assistive technologies are investigated,
the heterogeneity of future users should be considered, because the diversity
of users and specific needs and requirements of diverse stakeholders have been
proven to influence the evaluation of a specific technology’s benefits and barriers
as well as the intention to use it in everyday life. In the following, exemplary
findings for impacting user factors are introduced.
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Gender. Starting with gender, diverse studies found differences between women
and men regarding health care, health-related behaviors, and also with regard
to the evaluation and perception of using assistive technologies. In the area of
health care, it was found that there are gender differences with regard to people’s
health care-seeking behavior, e.g., women reported to visit their primary care
provider more often than men for both physical and mental health concerns [19].

Another study found significant effects of gender on the participants’ will-
ingness to use medical technologies to prolong life: Older females opposed to use
medical technologies to extend life twice as likely as the male participants [20].

Other studies did not found effects of gender on the participants attitudes
towards using medical technology, while interacting effects of age and gender
were identified [21,22]. Furthermore, an effect of gender on the participants
evaluation of quality of life in older age was found [21] – indicating that aspects
like autonomy, social contacts, and caring about health are more important for
women than men.

So far, it has not been investigated to which extent gender might have an
influence on perceptions of aging related with the acceptance of assistive tech-
nology – in particular not with regard to older females suffering from chronic
diseases.

Age, Health Status, and Care Experience. In the context of demographic
change, it is necessary to consider the participants’ age, their health status,
potential care needs, and also previous experiences with care as potential influ-
encing parameters on the acceptance of medical assistive technologies.

In the past, several studies investigated the influence of age on technology
acceptance (e.g., [14,15,21]). In some of these studies, age had an effect on tech-
nology acceptance, indicating a lower acceptance for older participants, whereas
in other studies age did not have an effect. Therefore, a study is needed which
investigates the impact of age with regard to a large sample of participants of
all ages focusing on their perceptions of aging related with their acceptance of
health-supporting technologies.

In line with the participants’ age, their health status [23], but also poten-
tial care needs [24], or previous experiences with care [24,25] were investigated
as influencing parameters for technology acceptance. These studies found that
the acceptance of assistive technologies differed for user groups having different
experiences with diseases and care. For example [24,25], professional caregivers
were proven to be the most ‘critical’ user group – reporting the lowest evaluation
of benefits and acceptance and the highest evaluations of barriers (in particular
with regard to privacy and data security) compared to other user groups. The
results also show [24] that for people with diverse health and care conditions
different benefits and barriers of using assistive technologies were relevant for
the acceptance and intention to use them. Therefore, these factors should also
be considered in an investigation of a broad range of participants with different
age profiles.
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Perception of Aging. In the past, aging was predominantly associated with
negative aspects such as a loss of physiological integrity, “leading to impaired
functions and increased vulnerability to death” ([26], p. 1194) affecting almost
all aspects of human life. This way, aging was often connected with higher risks
of chronic diseases and therefore also with a higher probability of needs for
medical assistance or care [27]. These negative effects of aging are opposite to
the advantages the usage of medical assistive technology is able to bring – in
terms of contributing to aging in place by enabling increased comfort, emergency
detection and assistance, or enhancement of autonomy and independence [5].

These partly contradicting patterns of aging show that aging is perceived dif-
ferently shaped by attitudes, but also societal and social norms. Therefore, it is
of utmost importance to investigate people’s attitudes and perception of aging as
well as their relationships and potential interactions with the acceptance of using
assistive technologies. Several studies have focused on these aspects so far. With
regard to self-perceptions of aging, people described to feel younger than their
actual age; however, the satisfaction with aging was lower for older participants
[28]. In addition to that, it was found that the self-image and the perception
of aging is affected by diverse aging stereotypes and then again influence atti-
tudes and behaviors [29]. As an example for this, age is usually connected with
a lower self-efficacy in interacting with information and communication technol-
ogy, which means that findings revealed a lower use, a lower ease of use, and
also a lower performance in older adults’ interaction with technology [30]. How-
ever, other studies found that older adults show the willingness and enthusiasm
to learn about new and innovative technologies (e.g., [31–33] and that older
adults use assistive technologies more often [11]). It should be considered that
a responsible design is a prerequisite of technology usage for those older adults
and should be aligned with their expectations, ideas, values, and interests. A
quantitative study on older participants’ attitudes towards aging revealed an
overall positive perception of aging [34]: The participants acknowledged positive
aspects of aging, such as making plans or being more relaxed, while they rather
rejected most of the negative aspects of aging, such as being a burden to others
or loneliness. Within this study, influences of user diversity were investigated
as well: The results revealed a significant effect of the participants’ age on the
evaluations, while gender did not have any impact on the participants’ attitude
towards aging.

To sum up, aging, age stereotypes, and attitudes towards aging have been
researched intensively. This is in line with research on the requirements and han-
dling of technology by older people. However, the relationships between percep-
tion of aging and the acceptance and perception of medical assistive technology
have not been researched, so far.

2.3 Research Focus and Aims

Analyzing the field of (medical) technology perception and acceptance, numerous
studies have focused on age as influencing demographic variable (e.g., [14,15,
21]). In contrast, it is questionable whether both, the perception of benefits
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and barriers as well as the perception of aging, are impacted by people’s age,
gender, and health status. A second research aim relates to the question, if
the perception of aging is connected with perceptions of benefits and barriers
as well as with acceptance of using medical assistive technology. Both of these
questions have so far not been investigated for a broad sample of older adults,
who suffer from chronic illnesses. Therefore, the present study was designed to
investigate individuals’ current perceptions of aging and their attitudes towards
usage of medical assistive technology, aiming for support of seniors or persons
with chronic diseases in their everyday lives. For this purpose, an online-survey
was conceptualized focusing on persons of different ages, gender and states of
health. The applied method and the design of the approach are presented in
more detail in the following section.

3 Method

Based on the findings of previous studies [21,34], we designed an online-survey,
which was meant to reach a representative sample of the German population. In
this quantitative study, we inquired into two main issues: The first focused on the
individuals’ concepts of criteria perceived as crucial for successful aging, and their
opinions regarding different effects of aging itself. The second main issue focused
on attitudes towards the use of medical technology in the health-related context,
i.e. modern technologies which are increasingly applied in home environments of
chronically ill persons, and have the potential to support especially older, and
often multi-morbid, individuals in their everyday duties.

3.1 Materials

In the survey, the following three parts can be distinguished: The first part
collected socio-demographic information about the participants, such as age,
gender, general state of health, professional background, housing circumstances,
subjective vitality [35] as well as the (non-)presence of chronic diseases. Par-
ticipants also reported on their experience with health-supporting devices and
provided information about their general technical self-confidence [36].

In the second part of the survey, we collected opinions related to the process
of aging. Firstly, we focused on perceptions of criteria that frame a high quality
of life (QL) in older age. For this purpose, we used items, e.g., competent medical
care, consistent social network, no being a burden to others, and self-supply in
the daily living; an in-depth presentation of these items was already presented
in [21].

In addition, we gathered the participants’ opinions on positive and negative
effects of aging in this part of the survey. Table 1, as adopted from [1], includes
some examples of the corresponding items. In each case, the participants assessed
the respective items using 6-point Likert-scale response format ranging from 1
(= “I do not agree at all”) to 6 (= “I fully agree”). A total of nine items were
combined into the scale of quality of life in old age and reached a satisfactory
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internal consistence of Cronbach’s α = .85. The minimum score to be reached
on this scale was 9, the maximum was 45. Furthermore, the scales for positive
and negative effects of aging reached very high internal validities (αpos = .93;
αneg = .95). The scale for positive age effects comprised 11 items (min = 11,
max = 66) and the scale for negative age effects 13 items (min = 13, max = 78).

Table 1. Examples for items representing the scales of positive (PEoA) and negative
effects of aging (NEoA); taken from [21].

Positive Effects of Aging Negative Effects of Aging

”In my opinion, seniors (today)... ”I’m afraid that in old age...

...are more mobile and independent than ... I’ll be a burden to my family.”

20 years ago.” ... my dignity could be severely com-

...can maintain their health with lots of promised (e.g., in case of severe illness).”

physical exercises and careful nutrition.” ... my cognitive abilities will shrink.”

... can cope better with adversity through ... I would be less mobile due to health

his/her own experience.” restrictions and, therefore, socially more

isolated.”

...have much more time for things they ... I have more to do with medical equip-

always wanted to do.” ment than with other people.”

... have to keep up with the latest develop- ... I depend on others.”

ments in order to stay up to date.”

The third part of the survey focused on perceptions of benefits and challenges
applying to the use of health-supporting technologies. A general attitude towards
medical technology (AtMT) has been collected, using following items:

– “For me, using medical technology makes sense.”
– “I do not want to use medical technology.”
– “I can imagine the use of medical technology.”

The participants could express their (dis-)agreement regarding these state-
ments on a 6-point Likert-scale, equal to the one already mentioned above in this
subsection. After re-coding of the negatively poled second item, the AtMT-scale
reached a satisfactory item homogeneity of α = .74 with a minimum of 3 and
maximum of 18 possible points. This part of the survey also evaluated possible
reasons pro and contra the use of medical technologies. Thereby, the 6-point
Likert-scale (1 = full disagreement to 6 = full agreement) was again used. Items
used as perceived pros (e.g., control of bodily functions, quick access to health
data, rapid warning of critical vital signs, reduction of dependency on others)
reached a very high internal consistency (α = .96) and the pros-scale reached a
minimum of 14 and maximum of 84 possible points. Similarly consistent were the
items that identified the perceived barriers (cons) to the use of health-supporting
technology (α = .95) and the cons-scale ranged from a minimum 15 and maxi-
mum of 90 points. The items were presented in detail in [21].
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For the acquisition of participants, we used a professional survey panel plat-
form, which enabled to gather a representative sample of German participants.
Respondents were paid for participating by the survey panel’s institute. The
sample’s composition and its characteristics are described in more detail in Sub-
sect. 3.3.

3.2 Research Approach

This study aims at two issues which are of great importance for current soci-
etal developments: The first one is the reflection of current opinions about the
process of aging and the associated life circumstances. The other issue applies
to perceptions of the use of health-supporting technologies as a possible solu-
tion or support for autonomy and independence in older age. According to the
principle of the responsible research and innovation, we studied these objectives
considering the users’ diversity in order to uncover potential differences between
different user groups.

For the statistical analyses, following research variables were chosen:
As independent variables, participants’ gender, age and health status are
taken into account. Since the relevance of gender was found in the research not
only in the context of inequalities in health [37], but also causing differences in
health care-seeking behavior [19], it is an interesting characteristic which can
be decisive for the potential use of medical assistive devices. In addition, to
understand potential differences in the perceptions of diverse concepts of aging,
it is useful to ask groups of persons with various amounts of life experience. We
therefore divide the sample into three age groups:

– (1) young (<40 years, n = 201; 34%),
– (2) middle-aged (40–59 years, n = 223; 38%), and
– (3) seniors (≥60 years, n = 161; 28%).

Moreover, as it is known from previous research [14], the state of health can
significantly influence perceptions of the concerned persons. In our statistical
analyses we therefore additionally examine, whether suffering from a chronic
disease has a significant impact on the respondents’ opinions. With regard to
the health status, 31% of the survey participants reported to be healthy (H) and
61% of them declared to suffer from chronic illnesses (CI), like for example car-
diac arrhythmia, Crohn’s disease, thyroid cancer, asthma, anorexia, or multiple
sclerosis.

Aspects considered dependent variables in this study applied to aging and
use of medical technology. We analyze these as constructed scales, which contain
various numbers of internally consistent items, as already described in detail in
Sect. 3.1. This includes the following scales:

– Quality of life in old age (QL)
– Positive effects of aging (PEoA)
– Negative effects of aging (NEoA)
– Attitude towards medical technology (AtMT)
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– Perceived pros of the use of health-supporting technologies
– Perceived cons of the use of medical assistive technologies.

The research design is presented in Fig. 1.

Fig. 1. Research design of the present study (MT = medical technology).

3.3 Participants

Regarding the sample of this study, we intended to cover a broad spectrum of
the German population. We aimed at reaching young, middle-aged, and senior
males and females, with and without chronic conditions, with different life expe-
riences, educational levels, and professional backgrounds. Moreover, the idea was
to encompass individuals with various levels of a general technical self-confidence
and experience with the use of medical equipment.

In this study, we collected and analyzed data of N = 585 participants, ranging
in age between 16 and 84 years (M = 47.2;SD = 16.6) and 48% of them were
females (52% males). As their highest educational levels, participants reported to
hold an academic degree (21.5%) and 35.7% completed an apprenticeship. Over
19% of the sample reported to hold a university entrance diploma, and 23.6%
a secondary school certificate. Less than half of the sample (44.3%) reported to
use and have experience with health-supporting devices in everyday life, like for
example with blood pressure meters, blood sugar meters, heart rate monitors,
wheeled walkers, and activity monitors.

Different professions were represented in the sample, including engineers,
teachers, physiotherapist, economists, psychologists, IT-managers, self-employed
businessmen, technicians, caterers, and many more. About 65% of the respon-
dents reported to live together with at least one other person or family, while
35% used to live alone. Choosing statements with regard to the financial situa-
tion, 45% of the sample declared “I have to count every penny, but I make ends
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meet”, 46% stated that they’re doing relatively well, and around 9% of them
reported that they lack nothing in financial terms.

As the empirical study focused on non-invasive and non-clinical research
on human subjects and the attendees were transparently informed about the
purpose and aim of the intended scientific research, no ethical approval from the
ethical committee was sought.

4 Results

For the statistical analyses of influence of the independent variables on percep-
tions of aging and use of medical technologies, we executed (multivariate) anal-
yses of variance [(M)ANOVA] to examine differences between the age groups
(the significance of omnibus F-Tests was taken from Pillai values) and T-Tests
for verification of differences between the groups of various states of health. The
parameter partial eta squared (η2) was calculated for effect sizes according to
[38]. For continuous variables, Pearson’s product-moment correlation coefficients
(ρ), and for dichotomous variables Spearman’s rank correlation coefficients (rs),
were calculated. For descriptive analyses, the means (M ) and standard devia-
tions (SD) are reported in the following. The level of statistical significance (p)
was set at the conventional level of 5%.

4.1 Intercorrelations Between the Research Variables

In the first step of the statistical analyses, correlative relations between the
research variables were calculated to get a holistic overview over the study data.

The resulting coefficients, as presented in Fig. 2, confirmed strong interrela-
tions between the research variables: A very strong positive correlation was found
for perceptions of quality of life and positive effects of aging (ρ = .72, p ≤ .001).
The affirmative attitude towards life quality was also positively connected to
the perceived benefits of the use of medical technology (ρ = .64, p ≤ .001) and
to the general attitude towards MT-deployment (ρ = .52, p ≤ .001). In contrast,
the perceptions of reasons against the use of health-supporting technology (cons)
correlated moderately with the negative effects of aging (ρ = .38, p ≤ .001) and,
correspondingly, inverse with the attitude towards medical technology (ρ = −.40,
p ≤ .001). As opposed to that, the latter was strongly positively correlated to the
perceived pros (ρ = .63, p ≤ .001).

In addition, for the independent variables age, gender, and health status
resulted weak linear relationships with the dependent research variables. The
outcomes showed that especially age was significantly connected to almost all
study factors. Even when the associations were not very strong, the coefficients
indicated that the older the respondents, the more inclined they were to aging
and related circumstances of life (QL: ρ = .14, p ≤ .001), and the more positive
was their attitude towards aging (ρ = .23, p ≤ .001) and medical technology (ρ =
.16, p ≤ .001). Also, with increasing age the perceptions of arguments pro using
medical technology were more affirmative (ρ = .10, p = .021), while arguments
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Fig. 2. Correlative relations between the dependent research variables (MT = medical
technology).

against its use were more refusing (ρ = −.15, p ≤ .001). The correlations are
depicted in Fig. 3.

Fig. 3. Correlations between the user factors and dependent research variables.

The correlative relationships for the user factors gender and state of health
were less statistically relevant. Gender showed weak connections with quality of
life in old age (rs = −.15, p ≤ .001) and perceived pros of the use of medical
technology (rs = −.15, p ≤ .001) with women having a more positive attitude
towards these factors. Correlations regarding the respondents’ health condition,
and, in particular, the presence of a chronic disease, indicated that individuals
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suffering from chronic illness tend to be more affirmative to the negative effects
of aging (rs = .32, p ≤ .001), but on the other side also more positive towards
medical technology (rs = .10, p = .014) and high quality of life in old age (rs =
.09, p = .033) than healthy persons.

In the next step, the impact of user factors on the dependent research vari-
ables will be analyzed in more detail.

4.2 Concepts of Aging

Current perceptions and expectations of aging are the first focused aim of the
study. In this section, we examine whether user factors significantly influence
opinions regarding high quality of life in old age as well as positive and negative
effects of aging. A multiple analysis of variance revealed significant main effects of
age [F (6,1108) = 6.4, p ≤ .001, η2 = .03], gender [F (3,553) = 6, p ≤ .001, η2 = .03]
and status of health [F (3,553) = 20, p ≤ .001, η2 = .10] as well as interacting
effects of age x gender [F (6,1108) = 2.9, p = .007, η2 = .02], and gender x health
status [F (3,553) = 3.3, p = .019, η2 = .02] regarding the concepts of aging. These
effects are described more specifically in the following.

Quality of Life in Old Age (QL). Statistic calculations using univariate
ANOVA revealed a significant main effect of age on aspects accounting for a
high quality of life [F (2,555) = 7.6, p = .001, η2 = .03]. The respondents of the
three age groups differed in their opinions and the young age group reached
the lowest means (M = 41.9, SD = 7.2) in comparison to the middle-aged
(M = 44.2, SD = 6.9) and the seniors (M = 44.4, SD = 5.1). According to the
value of partial eta squared, the effect of age was small-sized. However, despite
reaching statistical significance in the differences between the age groups, it is
evident that all participants – independently from their age – are very affirmative
regarding the aspects of a good quality of life. Figure 4 (left) pictures these
differences.

In addition, statistical analysis revealed a main effect of gender in the context
of QL [F (1,555) = 15.3, p ≤ .001, η2 = .03]. When looking on the mean scores (see
Fig. 4, right), women rated aspects of high quality of life (M = 44.7, SD = 6.3) as
more important in older age than men (M = 42.3, SD = 6.9).

Overall, from the descriptive results it can be seen that assessments of aspects
accounting for high life quality in older age reach very high mean values, testify-
ing that life quality in terms of autonomy, consistent social life, and competent
medical care is an important construct for the ‘successful aging’. The state of
health, as opposed to age and gender, did not significantly affect the participants’
opinions on high quality in older age and no interacting effects were found in
this regard.

Positive Effects of Aging (PEoA). Concepts of aging, as operationalized in
this study, included also the positive effects of aging. Univariate ANOVA, con-
sidering the independent variables age, gender and health status revealed main
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Fig. 4. Main effect of age (left) and gender (right) on the perceptions of quality of life
in old age.

effects of age [F (2,572) = 16.4, p ≤ .001, η2 = .05] and gender [F (1,572) = 9.4,
p = .002, η2 = .02] as well as interacting effect of age and gender [F (2,572) = 3.5,
p = .031, η2 = .01] regarding PEoA.

Fig. 5. Main effects of age (left) and gender (right) on the positive effects of aging.

The differences in perceptions of positive aspects of aging between the age
and gender groups are depicted in Fig. 5. The senior respondents in the sam-
ple (M = 54.1, SD = 6.7) scored with the highest mean values in this regard
(middle-aged: M = 51.9, SD = 10.1; young: M = 49, SD = 8.8), demon-
strating that they are the most positive with respect to the process of growing
older among their younger counterparts. Considering gender, on average females
(M = 52.2, SD = 8.5) are significantly more affirmative in that context than
males (M = 50.7, SD = 9.4).
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Moreover, we found an interacting effect of age and gender on the PEoA
which revealed that female and male participants significantly differ especially in
the ages between 40 and 59 years, with male respondents (M = 49.9, SD = 11.1)
reaching lower means than the female ones (M = 54.5, SD = 7.7). The significant
interaction of factors age and gender is presented in Fig. 6. Besides, healthy and
chronically ill persons did not significantly differ in their opinions regarding
PEoA.

Fig. 6. Interacting effect of age (left) and gender (right) on the positive effects of aging.

Negative Effects of Aging (NEoA). When considering the negative effects
of aging as a common scale, statistical analysis of variance revealed signifi-
cant influences of gender [F (1,572) = 6.5, p = .011, η2 = .01] and health condition
[F (1,572) = 53.5, p ≤ .001, η2 = .08] as well as an interacting effect of the both
factors [F (1,572) = 8.3, p = .004, η2 = .01]. On the contrary, the effect of age did
not reach statistical significance [F (2,572) = 1.7, n.s.] and is rather secondary in
this context.

According to the effect sizes, especially health status plays a crucial role and
the gender differences are less pronounced for perceptions of the negative con-
sequences of aging. The resulting mean values for both factors are presented in
Fig. 7 and show that females (M = 52.8, SD = 13.6) and most notably chroni-
cally ill persons (M = 54.8, SD = 12.7) are much more pessimistic with respect
to the process of aging than males (M = 50.4, SD = 13.6) and healthy individ-
uals (M = 46.3, SD = 13.4).

The findings are mirrored in the interaction of the both factors, which is
explicitly depicted in Fig. 8. The resulting differences in perceptions of NEoA are
evident for healthy individuals, while persons suffering from chronic diseases –
independently from their gender – more consistently agree on the negative con-
sequences of aging.
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Fig. 7. Main effects of gender (left) and health status (right) on the perceptions of
negative effects of aging.

Fig. 8. Interacting effect of gender and health status on the negative effects of aging.

4.3 Perceptions of Health-Supporting Technologies

The second main objective of this study was to gain knowledge about the cur-
rently prevalent opinions regarding deployment of health-supporting technolo-
gies. In this section, we analyze the influence of the user factors age, gender, and
health condition on a general attitude towards the use of medical technology
(AtMT), as well as for the perceived pros and cons of its use.

General Attitude Towards MT. An univariate analysis of variance revealed
that age significantly affects the attitude towards the use and the meaningfulness
of medical technology [F (2,562) = 7, p = .001, η2 = .02]. According to the effect
size the effect was small, but it is easy to see in Fig. 9 that both older age groups
of participants (middle-aged: M = 14.3, SD = 3; seniors: M = 14.2, SD = 2.7)
manifested higher values on the scale than the young age group (M = 13.4, SD =
2.9). Indeed, a multiple comparison analysis confirms that the differences are
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significant between the young and the both older age groups, while those between
the middle-aged and senior age group are not.

Fig. 9. Main effect of age on the general attitude toward medical technology (AtMT).

Moreover, a statistically significant interaction effect of age and gen-
der [F (2,562) = 4.8, p = .008, η2 = .02] revealed that attitude toward health-
supporting technologies differs between males and females, especially in the
young and the senior age group. While the young women scored on average
significantly higher than men, in the senior group the mean values invert and
the male seniors are more affirmative on MT than the female respondents. The
differences are depicted in Fig. 10.

Pros and Cons of the Use of Medical Technology. Eventually, we exam-
ined if participants’ opinions regarding perceived benefits (pros) but also chal-
lenges (cons) resulting from the use of eHealth technologies significantly differ
depending on their age, gander, state of health, and/or the interaction between
these variables.

For this purpose, we firstly performed a univariate ANOVA for the scale of
pros, including all independent variables. The outcomes showed no significant
main effects of the user factors on the scale for perceived benefits (pros). The
resulting, mostly quite high, average values lie in the upper third of the total
scale – a result that approves a high consensus about the numerous advantages
of health-supporting technology among the different user groups.

Secondly, the impacts of age, gender, and health condition were examined
regarding challenges associated with the use of medical technology, which were
summed up to a scale as described in detail in Sect. 3.1. Analysis of variance
for the cons-scale revealed a significant impact of age [F (2,564) = 5.1, p = .006,
η2 = .02] and gender [F (1,564) = 4.8, p = .029, η2 = .01]; these effects are depicted
in Fig. 11.

In general, the resulting means show rather little agreement in relation to the
perceived contra-arguments and there is a noticeable tendency among the find-
ings: On average, the youngest age group reached in almost all cases the highest
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Fig. 10. Interacting effect of age and gender on the attitude towards medical technol-
ogy.

Fig. 11. Main effects of age (left) and gender (right) on perceived cons for the use of
medical technology.

values regarding the perceived challenges (M = 53.3, SD = 14.7), followed by
the means of the middle age group (M = 50.6, SD = 17.3). In contrast, the
senior age group rather disagreed with these cons reaching a mean of M = 46.9
(SD = 14.3) out of 90 possible points of the whole scale. This result suggests a
higher acceptance of health-supporting technology among the older in compari-
son to the younger part of the population.

Furthermore, healthy persons and individuals with chronic illness did not dif-
fer with regard to the perceived disadvantages of using medical assistive technol-
ogy. Statistical analysis brought no significant effects for these groups. However,
we found an interacting effect of gender and health condition on the perceived



May Technology Support Aging? 33

cons [F (1,564) = 14.4, p ≤ .001, η2 = .02]. The joint effect of the independent
variables is depicted in Fig. 12: While in the group of healthy individuals female
respondents (M = 54.9, SD = 14.4) perceive more barriers in using medical
technologies than male respondents (M = 45.8, SD = 14.4), in the group of per-
sons with chronic illnesses this effect is reversed (females: M = 49.9, SD = 16.3;
males: M = 51.3, SD = 15.9).

Fig. 12. Interacting effect of gender and health status on perceived cons for the use of
medical technology.

In summary, it can be seen that the German respondents have an overall
positive opinion about medical assistance technology and this result does not
vary in the investigated user groups. The variation of perceptions only becomes
apparent in relation to the cons. Younger persons more than older, and women
more than man, show a more reluctant attitude in this context, whereby the
influence of gender definitely depends on participants’ health condition.

5 Discussion

This study is an extension of a conference contribution [1] and aims – under
consideration of different user factors (i.e., age, gender, and health condition) –
at a reflection of current opinions on two trends which increasingly affect aging
societies. The first is the ever growing proportion of seniors in the German pop-
ulation that has been rising sharply, becoming more and more a socio-economic
challenge to the country. The second relates to the progressively miniaturized,
complex, mobile, sophisticated, and unobtrusive pervasive computing in domes-
tic environments and thus in the private spheres of the residents, which pro-
gressively cover different health-related fields with the potential of systematic
monitoring of bodily functions. These developments gave rise for this study and
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were empirically examined in the German population. In the following, we dis-
cuss these issues, taking the previously presented findings into account. Thereby,
the discussion of the findings clearly focuses on a detailed interpretation of the
results and their relationships, while the limitations of the study can be found
in [1].

5.1 Aging: A Double-Edged Sword

The consequences of the process of growing older and aspects, which have a direct
impact on people’s daily life, increasingly penetrate into their consciousness.
Since at the latest the beginning of the 21st century, opinions on aging and the
associated circumstances have undergone a remarkable transformation. In these
fast changing times, not only the thinking about aging (i.e., ideas of who and
when is (becoming) old, changing beauty concepts or fashion ideas) but also
people’s behavior increasingly changes, focusing evermore on “aging well”.

The challenges arising from aging societies have been intensively discussed
in the scientific community from various points of view (e.g., [39]). One is the
economic facet of this phenomenon: In this context, it is not only the fiscal burden
connected to rising numbers of older society members, being associated with
costs arising from the growing public pension system [40]. But there are also huge
costs accounting for provision of health care to the seniors, as with increasing
age the need for medical care grows [41]. Further, satisfaction with one’s own
aging and feeling young have been shown to be indicators of positive well-being
in late life [42]. It was also found that negative self-perceptions linked to aging,
as associated with physical losses, might impair health-related strategies which
are important for maintaining a healthy lifestyle [43].

According to the presented findings, the concepts of aging (as operational-
ized in this study) gain high attention and the participants principally highly
agreed that autonomy and self-supply, competent medical care, consistent social
network, and mobility are very important aspects accounting to a high quality
of life in older age. In fact, older respondents and the female part of the German
sample acknowledged these attributes significantly higher than the younger and
the male participants, but overall the examined aspects were judged approv-
ingly for a good life quality. Similar pattern resulted for the perceptions of the
positive effects of aging, like for example more time for hobbies or better resis-
tance due to higher experience. This allows the conclusion that people generally
highly value such aspects in later stages of life and that the relevance increases
with age. Apparently, seniors connote aging less with fragility and decay and
see significantly more advantageous purposes in life compared to their younger
counterparts; in addition, within the gender groups this is more pronounced for
women than men.

In contrast to that, perceptions of the negative effects of aging (e.g., being
dependent of or even burden to others, possible loss of abilities and skills)
evade the influence of age. In this context, on the one hand, women showed
more pessimistic attitudes than men, on the other hand, these aspects were
strongly affected by individuals’ health condition. Regarding the latter, people
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with chronic health conditions basically perceived more negative consequences of
aging in their everyday lives than healthy persons and, according to the findings,
this outcome was independent of the respondents’ gender.

To sum up these results, it can be concluded that the process of aging is
indeed a double-edged sword: On the one side, there are considerably more pos-
sibilities available to us today to age well and healthily. We enjoy ever better
medical care and there’s a growing awareness of the fact that we can lead our
lives into old age on our own responsibility with a reasonable amount of exercise,
a healthy nutrition, and a stable social network. On the other side, the process of
aging is still strongly associated with increase of (chronic) diseases and various
limitations in many areas of life, and to master these poses a major challenge
not only for oneself but also mostly for the social environment of the person con-
cerned. Of course, this facet of aging awakens fears and feelings of uncertainty for
the own future. At this point, medical assistance technologies can build a bridge
between the alleged powerlessness of aging and the new opportunities the use of
technology offers. A crucial question now is to what extent are we prepared to
allow support in this form and how far are we going to engage in it.

5.2 May the Use of Medical Technologies Support Aging?

A successful adoption of technologies, which are able to support people in their
daily lives, is becoming increasingly important to their functional independence
[14]. Especially in the last decades technology is unavoidably integrated in many
areas of our lives, shaping the ways of how we communicate, work, and perform
our daily routine activities [44]. The wide-ranging potential of technical solutions
is also increasingly finding its way into the field of health and/or support in
the event of illness. This happens not only in the professional context, i.e. in
hospitals, in field of care, or in case of special illness, but also increasingly at
home even if ‘only’ in the preventive field.

Being used for health care, assistive technologies offer many possibilities for
an autonomous organization of their daily health management, fitness, well-
being, and social interaction especially to seniors and/or persons suffering from
chronic illnesses. However, to make a real use of the benefits brought by tech-
nology development, a certain amount of acceptance for such health-supporting
technology is required among the potential users.

The attitude towards technology is an important predictor of technology
adoption in the long run [45]. From the previously presented research approach
(see [1]) it is known that a positive attitude towards the changes caused by aging
comes along with a more optimistic behavioral expectation for an active dealing
with its consequences. The good news is that the presented outcomes confirm
a quite positive general attitude towards the use of health-supporting technol-
ogy among the German population and prove that the respondents find such
medical assistive technology useful. Our findings indicate that seniors in com-
pany with the middle-aged participants are the most enthusiastic group about
its deployment and wide-ranging potential. This result may be a little surprising
on the one side, because in general younger people are basically more attached
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to, familiar with, and open to the use of technology. But on the other side, possi-
ble explanation for this finding might be that most of the seniors are affected by
certain ailments themselves and thus they have a direct relation to the possible
use and support brought by health-supporting technology. For the middle-aged
the same applies: Maybe in a less direct way, but through persons being either
in care or for somebody in need of care they know, such persons can thus highly
empathize the real needs and profoundly understand the necessary assistance
eHealth can bring.

In addition, the perceptions of pros and cons are regarded as reliable indi-
cators of acceptance. The reasons pro of using medical assistive technology are
obvious and there is a high consensus about it in the queried sample. The result-
ing high means in this context indicate agreement on the perceived benefits and
this argument is substantiated by the absence of differences between the exam-
ined user characteristics, like age, gender, and health condition. In contrast,
we found only little approval on opinions regarding reasons against the deploy-
ment of health-supporting technology in home environments (cons). Further-
more, the opinions significantly varied in the examined age and gender groups:
Male and respondents of the senior group reached the least mean values in this
context, showing at the same time a high willingness to make use of the potential
brought by this technology. In fact, young adults reached on average the high-
est values, but they still have taken a similarly reluctant position towards the
contra-arguments compared to the older age groups. These results do not confirm
findings from current studies on general technology and computer use [45,46],
where attitudinal barriers affecting technology uptake among older adults are
still higher than among the young ones, and also self-efficacy and behavioral
intention indicate a generally lower willingness to use digital technologies among
older users. This discrepancy allows at least two possible explanations, as it
was already pointed out in the previous research [1]: First, either a long-term
adoption of health-supporting technologies is subject to its own dynamics or
it testifies that the acceptance of such medical assistive technology in the gen-
eration of today’s seniors have changed. Second, it is possible that acceptance
research in the context of medical technology among seniors needs more extended
acceptance models (e.g., as the ones used in [47]). For this, further studies are
necessary.

According to the correlative relationships of the above presented research
variables, a high positive attitude towards the use of medical technology and its
perceived usefulness is strongly positively associated with a high quality of life in
old age. High positive correlations also resulted for the positive effects of aging
and the perceived pros of the technology use, whereas negative coefficient in
this regard resulted for the perceived cons. Returning therefore to the question
of whether the use of medical technology may or may not support aging, we
can therefore confirm – on the basis of the results – that there is a principal
willingness and intention to do so, at least in the German population. However,
user diversity cannot be neglected when applying health-supporting technology
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in private environments and the different needs and expectations of the potential
users should be carefully taken into account when designing and developing such.

6 Conclusions

Health-supporting technologies, such as medical assistance and health monitor-
ing at home, afford a great potential in the greying societies of today to help
to meet the challenges of aging in place. Such applications bring many advan-
tages for the seniors and persons with chronic health conditions and allow an
autonomous and active living not only in the later stages of life. This article
provides insights into opinions of different potential user groups of the German
population, focusing on user factors like age, gender and the health status. The
findings support understanding of currently changing aging concepts and point
out indicators which contribute to a far-reaching acceptance and, therefore, a
successful adoption of health-supporting technology in modern societies.
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Ministry of Research and Education (reference number 6SV7955).
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self-perceptions of aging become a self-fulfilling prophecy? Psychol. Aging 28(4),
1088–1097 (2013)

44. Boot, W., Charness, N., Czaja, S., Rogers, W., Sharit, J.: Aging and leisure activ-
ities: opportunities and design challenges. Innov. Aging 2(1), 213 (2018)

45. Lee, C.C., et al.: Attitudes toward computers across adulthood from 1994 to 2013.
Gerontologist 59(1), 22–33 (2018)

46. Mitzner, T.L., et al.: Technology adoption by older adults: findings from the prism
trial. Gerontologist 59(1), 34–44 (2018)

47. Chen, K., Chan, A.H.S.: Gerontechnology acceptance by elderly Hong Kong Chi-
nese: a senior technology acceptance model (STAM). Ergonomics 57(5), 635–652
(2014)



Advisory on Ambient Assisted Living Solutions:
Towards an Advisor Concept and Training

Curriculum

Rita Tavares de Sousa1,2(B), Soraia Teles1,2, Diotima Bertel3, Paul Schmitter4,
and Diogo Abrantes2,5

1 Institute for the Biomedical Sciences Abel Salazar, University of Porto, Porto, Portugal
rita.tavaresdesousa@gmail.com

2 Center for Health Technology and Services Research (CINTESIS), R. Dr. Plácido da Costa,
4200-450 Porto, Portugal

3 SYNYO GmbH, Otto-Bauer- Gase 5/14, 1060 Vienna, Austria
4 Zurich University of Applied Sciences, Campus Grüental, 8820 Waedenswill,

Zurich, Switzerland
5 Faculdade de Medicina, University of Porto, Porto, Portugal

Abstract. Ambient Assisted Living (AAL) solutions have opened up a market of
service provision for older adults and their caregivers. Insufficient public aware-
ness and end-user involvement onAAL solutions have been influencing themarket
negatively.Advisory services onAAL solutions are a promising strategy to address
those challenges but those are typically missing, provided at a very small scale or
by the providers in the context of sales activities. This study aims to identify the
prospective benefits of an advisor on AAL solutions, as well as the profile, knowl-
edge and skills required for this role and training preferences. A qualitative study
was performed resorting to workshops and interviews with AAL stakeholders to
collect data. A comprehensive literature review was carried out to identify experi-
ences and practices on education for AAL advisors. Both data were subjected to a
content analysis. Findingswere used to define and refine the concept of Authorised
Active Advisors, resulting in a clarification of its added-value, on the definition
of advisor profiles, as well as on a list of skills and knowledge required. Training
preferences revealed by the participants together with the literature analysis, feed
a training concept presented in this paper. Finally, the training objectives, contents,
learning outcomes and learning/teaching methods are defined and a training hub
mock-up is shown. The preferred training modality is based on a blended-learning
approach.

Keywords: Ambient Assisted Living · Advisory services · Education and
training

1 Introduction

In the last decades, well-known societal challenges posed by the phenomena of pop-
ulation ageing have been propelling the development of innovative solutions such as
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products and services based on Information and Communication Technologies (ICT).
In particular, Ambient Assisted Living (AAL) solutions have opened up an important
market of service provision for older adults and their caregivers. AAL as a concept
corresponds to a new paradigm, building on ubiquitous computing devices and new
interaction forms targeted at improving older adults health, autonomy, social integration
and security [44]. Currently defined as an umbrella market, the AAL market consists of
a large collection of products and services in a wide variety of application fields (e.g.
health, participation in social life, employment) [1].

In spite of the growing importance ofAALsolutions for independent ageing, previous
reports highlight the fact that services within this market are often provided in isolation
and in a technocentric way [4, 8, 43]. A lack of public awareness on AAL solutions, as
well as insufficient end-user involvement, influence the market negatively and contribute
most likely to the existing gap between technology development and its uptake by the
intended end users [1, 13, 31, 37]. In fact, many care services providers are unfamiliar
with technologies that could make their work easier while, at the same time, providers of
technological devices and systems are not often aware of what care providers need. The
offer of high-quality advisory services for end users on AAL solutions was previously
identified as a promising strategy to minimize the mentioned constraints and to promote
consumers uptake of such technologies [8]. Yet, the provision of such services is either
missing, provided at a very small scale, or offered by product and service providers in
the scope of their sales activities [8, 41, 43].

Investing in ICT solutions to increase the scale of advisory services through the
creation of a digital neutral/exempt advisory platform on AAL solutions was previously
recognized by AAL stakeholders as a potential solution to address those issues [43].
However, previous research from a platform mapping and analysis concluded that per-
sonalised feedback and/or advice is generally missing on websites, portals or platforms
currently promoting assistive technologies and services for older adults [27]. More-
over, since the consumer journey is growing in complexity in most service sectors, we
have, nowadays, rather complex service logics to consider [38]. It was previously argued
that both user experience and user empowerment are more likely to be improved when
both physical and virtual touchpoints are integrated into service provision [15]. Such
integrated service logics would allow taking advantage of virtual engagement in ser-
vice provision while at the same time minimizing the drawbacks from lack of physical
engagement. This market landscape emphasizes the need for trained specialists who
can provide knowledge and advice about AAL. The innovations in the field of AAL
need professionals, who know how to incorporate, install, maintain, and use AAL prod-
ucts. However, there is no tradition on specific vocational or lifelong training courses in
European countries related to the use and development of AAL systems and tools [36].

This paper builds on previous research carried out in the scope of the EU funded
ActiveAdvice project, aiming to set up a digital, pan-European advisory and decision-
support platform that brings together the broad range of available AAL products, ser-
vices, and stakeholders. The project is based on the premise that, in the AAL field, an
engagement platform must empower stakeholders and facilitate co-creation of value. In
this sense, the project outlined the concept of Authorised Active Advisors as a human
addition to the digital advisory platform [8, 42]. This paper aims to refine the concept, by
identifying the benefits, the profile, and the required knowledge and skills of Authorised
Active Advisors.
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To fulfil this goal, a qualitative study was carried out aiming at answering the fol-
lowing set of research questions: (i) Are there any good practices on training advisors
for AAL solutions? Which ones?; (ii) What are the prospective benefits of an advisor on
AAL solutions, and their addition to a digital advisory platform?; iii. What should be the
profile of this advisor?; (iii) What kind of knowledge and skills are needed to become an
advisor on AAL solutions?; and (iv) How should the necessary knowledge be delivered
and the skills trained (i.e. for which training concept are potential advisors looking?). In
addition, a comprehensive literature review was carried out to identify experiences and
practices (if available) on education and professional specialization for AAL advisors.
As an outcome of this work, the concept of Authorised Active Advisor is refined and
a training course outline was developed to endow these advisors of such skills and is
presented in this paper.

2 Conceptual Considerations

This section will briefly explore two main topics which are of relevance to frame the
concept of Authorised Active Advisors, as previously proposed by the authors [8]: (i)
the importance of an integrated service logic for AAL advisory services, and (ii) the role
of face-to-face advice in the context of a digital advisory platform.

2.1 An Integrated Service Logic for AAL Advisory Services

In recent years, digital service providers havebeen expanding their portfolio fromentirely
virtual into the realm of additional physical experience. Thus, we can observe a trend of
shifting back from a purely digital to a physical/face-to-face (f2f) interaction, following
an integrated logicwhichmakes use of both virtual and physical interaction forms [8, 15].

As previously discussed by the authors [8, 42, 43] there are three main arguments
favouring such an integrated service logic for AAL advisory services. First, there is
trust. Trust is one of the most critical issues when it comes to the interaction between
the consumer and the service provider [10]. Moreover, it is one of the main reasons to
invest in an integrated model in service provision, as f2f interaction is perceived as more
trustworthy [43]. These arguments hold special relevance for the AAL market since
AAL solutions are frequently related to health-related needs. In this sense, data security
and privacy acquire increased relevance and the fear of getting low quality, biased or
misleading information from non-reliable or exempt sources tends to be more evident
[30, 43].

Second, advice on AAL solutions is usually complex. It occurs in a context where
interoperability problems still prevail and where no broad and comprehensive informa-
tion about products, services, and providers is yet available for consumers. Previous
reports show that consultation on AAL solutions does happen online, but is usually lim-
ited to a first consultancy. Ongoing advice is usually searched in the physical sphere,
which is perceived as more trustworthy [43].

Third, although older adults are a quite heterogeneous group which could be per
se an argument for a service logic that offers two interaction interfaces as they are still
often unfamiliar with technology. Lack of confidence using online channels, and the per-
sonal readiness to accept technological solutions depends on many individual aspects
such as education, age, gender, physical, mental and cognitive skills, expectations or
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biographical experience. So, even if barriers associated with ICT skills are expected to
decrease in future generations [39], an integrated logic for AAL advisory services might
be better able to accommodate future trends. Therefore, the digital advisory platform
under development within the ActiveAdvice project cannot be a stand-alone solution
[43]. Rather, it must be part of an integrated and systematic service logic, incorporating
both virtual and physical services and promoting the integration of different actors with
diverse interests and contributions. Authorised Active Advisors should provide the con-
ditions to integrate both virtual and physical dimensions in an optimal solution for AAL
advisory services.

2.2 Personal Advice in a Digital Advisory Platform

The concept of Authorised Active Advisor [8, 12] sustains on the premises that a human
addition to a digital AAL advisory platform can help increasing personalization in AAL
services, empower the consumers in making decisions, enhance trust in AAL advisory
and encourage older adults to participate in digital communities, also contributing to the
minimization of the digital divide still affecting this age group.

In the process of assisting an individual in finding the right solution for their problem,
situation or goal, this advisor would need to perform four major tasks: (i) listening to
the needs of the end user and translate those into a search strategy that complements the
digital advisory component; (ii) identifying relevant solutions and suppliers, and assess
their pertinence towards each situation; (iii) assisting and guiding the individual during
the decision-making process; and (iv) following up on satisfaction and stimulating users
to provide feedback on the platform [42].

There are several groups that are in need of advice and consultancy onAAL solutions
and thus could benefit from the existence of the Authorised Active Advisors. In accor-
dance with previous classifications of AAL stakeholders [32], the following stakeholder
groups have been identified within the ActiveAdvice project as the main beneficiaries:
(i) older adults (primary stakeholders); and (ii) professional and informal caregivers
(secondary stakeholders) [26, 43].

As stressed above, older adults are still facing many difficulties when it comes to
technology use. Moreover, AAL solutions require close monitoring as those usually
deliver crucial services that might have a transformative benefit in older adults lives [3].
Indeed, as Wild and colleagues [44] reported, it is the lack of knowledge of how ICT
services can increase or support autonomy that prevents older adults from using them.
Until such technologies are seen as personally relevant and useful to their lives, older
adults might be reluctant to accept them or learn the necessary skills to operate them.
The challenge is, therefore, to understand each persons individual situation and provide
guidance in the process of finding the most suitable AAL solution.

In addition to older adults, informal and professional caregivers play a vital role in the
decision-making process. They often have a supportive or influential role regarding care
decisions, as the former provide the older adults with unpaid and ongoing assistancewith
basic or instrumental activities of daily living; the latter offer specialized services to the
care receiver and are trained and qualified individuals. Furthermore, someAAL solutions
explicitly target this group rather than older adults themselves, e.g. in supporting care
or monitoring of health conditions or behaviours [5]. Similar to older adults, informal
and professional caregivers possess heterogeneous competencies, interests, and needs
both regarding care provision and ICT use to this end. Moreover, regarding professional
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caregivers, an important aspect that negatively influences the uptake or prescription of
AAL solutions by professional caregivers is the lack of proper training and guidance
when new technologies are introduced into the care process and thus they can be reluctant
in accepting such technologies [44].

3 Methodology

Based on a multi-stakeholder perspective, a comprehensive literature review together
with a qualitative study were conducted to identify the prospective benefits of AAL
advisors, their profile, and required knowledge and skills to perform this role. Outcomes
from this study were used to refine the concept of Authorised Active Advisors and to
develop a training outline based on an explorative analysis of their needs, competencies
and requirements (see Fig. 1).

Fig. 1. Methodology.

3.1 Literature Review

A literature search of scientific publications on a selection of databases was conducted,
aimed at identifying experiences and practices (if available) on education and profes-
sional specialization for AAL advisors. First, a list of keywords was compiled: the term
Ambient Assisted Livingwas kept fixed and combined alternativelywith eight additional
terms defined on the basis of the previous literature exploration. Table 1 presents the
databases selected, keywords used, the number of hits per search given, and the number
of selected articles for analysis after the removal of duplications and the exclusion of
irrelevant papers (for example, papers within the general topic of AAL which discussed
learning or training from a computer science perspective; focus on AAL technologies
as training devices themselves, etc. – in short, any paper that contained the selected
keywords but was a mismatch for the scope of the literature analysis).

Papers found using more than one keyword combination are reported just once in
Table 1. Selected papers were fully read, and subjected to a thematic content analysis
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and an interpretive qualitative synthesis of the main themes emerging from the selected
literature was performed (see Sect. 4). Insights arising from the literature search are
neither exhaustive nor are they representative, as an explorative approach was chosen
given the nature of the knowledge we aimed to produce, i.e. a comprehensive literature
search was chosen over a systematic one because a broad question – experiences and
practices – was posed to be explored.

3.2 Primary Data Collection and Analysis

Two workshops with a total of 14 participants and semi-structured interviews with 16
different stakeholders that potentially fit the human advisor profile were conducted (e.g.,
formal caregivers, council workers, people working on organizations that advocate for
older adults, etc.). The two workshops took place at the AAL Forum 2018 in Bilbao,
Spain (n = 9) and in the Netherlands (n = 5). While the workshop at the AAL Forum
involved members of the AAL community, from different European countries and with
diverse backgrounds (e.g. social sciences, engineering), the workshop in the Netherlands
involved employees of the municipality of Alkmaar, who already provided advisory
services to older adults and their relatives or informal caregivers on health and care-
related issues/resources.

The interviews were carried out in five different countries: Austria, Belgium, the
Netherlands, Portugal, and the UK. A single interview schedule was designed by the
research team and properly translated to be used in each partner country. The contents
from the workshops and interviews were transcribed and subjected to a thematic content
analysis. All contents were coded according to three main themes, defined deductively:
Benefits and profile of the Authorised Active Advisors; Skills and Knowledge of the
Authorised Active Advisors; and Preferences on the training concept for Authorised
Active Advisors. Sub-themes emerged inductively from the analysis.

4 Results and Discussion

As a result of the analysis, we were able to gather some valuable insights regarding
(i) training for advisors on AAL solutions, including existing initiatives and practices
(see Sect. 4.1. Literature review outcomes); (ii) prospective benefits, profile, skills and
knowledge, and preferences on the training concept for Authorised Active Advisors (see
Sect. 4.2. Lessons learned from interviews and collaborative workshops). Based on the
insights gathered, a training concept is outlined as a final output (see Sect. 5).

4.1 Literature Insights: Education for Ambient Assisted Living Technologies
and Services

Overall, 42 papers were selected taking into consideration the relevance of their title
and abstract (see Table 1). They were then analysed and subjected to a thematic content
analysis. After further and more detailed analysis, only very few papers were considered
for this research, unveiling a gap in research with regards to training for AAL advisory
services.
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Table 1. Search history for selected scientific publications.

Keywords (AND,) Database Hits (Selected)

Training needs AND Am-
bient Assisted Living 

Scopus 20 (3)

SAGE 10 (1)

Web of Science 6 (1)

PubMed 5 (1)

EBSCO 1 (0)

Professions AND Ambient 
Assisted Living 

Scopus 3 (2)

SAGE 4 (1)

Web of Science 0

PubMed 1 (1)

EBSCO 0

Education AND Ambient 
Assisted Living

Scopus 49 (3)

SAGE 28 (3)

Web of Science 8 (2)

PubMed 15 (4)

EBSCO 10 (1)

Training AND Ambient 
Assisted Living 

Scopus 91 (0)

SAGE 6 (0)

Web of Science 37 (0)

PubMed 21 (4)

EBSCO 14 (1)

Jobs AND Ambient Assist-
ed Living 

Scopus 18 (1)

SAGE 4 (0)

Web of Science 2 (0)

(continued)
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Table 1. (continued)

PubMed 0 (0)

EBSCO 1 (0)

Skills AND Ambient As-
sisted Living 

Scopus 39 (2)

SAGE 24 (1)

Web of Science 8 (0)

PubMed 3 (1)

EBSCO 9 (1)

Learning AND Ambient 
Assisted Living 

Scopus 298 (0)

SAGE 35 (0)

Web of Science 103 (3)

PubMed 27 (2)

EBSCO 39(0)

Knowledge AND Ambient 
Assisted Living 

Scopus 273 (0)

SAGE 42 (0)

Web of Science 71 (0)

PubMed 22 (1)

EBSCO 30 (2)

The analysis, aiming to identify patterns and themes within the selected publications,
resulted in the aggregation of contents within the identified topics, which are synthesized
below (see Sects. 4.1, 4.2, 4.3 and 4.4).

Overall, one can conclude from this review that acceptance of AAL is rising and
its implementation is becoming a rapidly growing economic sector where new jobs are
created. However, proper education for qualifying employees in the AAL area is still
massively lagging behind [20, 36]. The lack of education and training may be a major
impediment in the successful adoption of AAL solutions [29]. Thus, as highlighted by
Illiger and colleagues [22], it is necessary that care workers, health service professionals
as well as technicians and craftsmen in the field obtain continuous training to become
capable consultants/advisors for AAL solutions. A few training experiences for AAL
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consultancy experiences are documented in the literature, those being explored in the
next sections.

Target Groups: Who is Trained to Offer Advice? Several target groups are men-
tioned in the literature, with most publications high-lighting the relevance of training
heterogeneous groups [6, 7, 9, 33]. While Bruder and colleagues [9] designed a train-
ing course for managers in health care, caregivers, managers in the housing industry,
decision makers, engineers, developers and other technical staff who are also involved
in the development and distribution of AAL products. Behrends and colleagues [6] tar-
geted health professionals, crafts-men and technicians. Behrends et al. [7] and Nitschke
et al. [33] focused on health professions, craftsmen and individuals with a background
in engineering or similar areas. Barakat et al. [5] see healthcare professionals, includ-
ing nurses, professions allied with medicine, social workers, healthcare managers, and
caregivers as the core target group to make the best use of technology within a care
context. Keijzer-Broers and de Reuver [24], on the other hand, see a special potential for
installers to bridge the gap between technology and end users (in particular, for smart
homes) due to their existing relationship with them. They have a combined knowledge
of the demand and daily living of end users as well as of the technology. However,
they do have limited knowledge of smart living, lack commercial and marketing skills,
and focus on technology rather than user experience [24]. Katzmaier [23] refers that
the implementation of age-related case management, a figure ensuring counselling with
respect to AAL, is requested. The INVERSIA project allows designing recommenda-
tions for an AAL-Case Management, showing that relatives and social service providers
are considered fundamental target groups in the consultation process.

Overall, those experiences were concerned in enrolling qualified individuals with
backgrounds mostly on health-related and technology-related fields but also care-givers
of people in need of AAL solutions.

Necessary Knowledge, Skills and Competencies: What Does an AALAdvisor Need
to Know? There is a need to establish the multiple skills and competencies which are
required for being able to provide advice on AAL solutions. This, of course, depends on
the target group in question. For example, teaching technical aspects to traineeswithout a
technical background (e.g. healthcare professionals) is necessary but can be challenging
[9, 44].

In a study developed by Barakat and her colleagues [5], they identified and organized
the set of skills and competencies of healthcare professionals in five areas:

– requirements for basic ICT skills for using technology and hardware, proficiency,
quantitative analysis, and interpretation skills,

– communication skills,
– support and guidance for the patient (both for care support, computer, and ICT use),
– knowledge of best practices, and
– legal requirements concerning patient privacy and confidentiality.

The engAGEnt project [14], which aimed to develop and test a harmonized European
curriculum based on ECVET principles of what will qualify people for the job role of
an AAL Specialist or Consultant, identified the need to analyse the living situation of
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an older person to identify suitable AAL solutions for their individual case. For this,
they need (i) knowledge of new, digital technologies in order to identify and manage
technological solutions, and (ii) awareness of relevant care and support requirements of
the individuals [14].

Bruder et al. [9] analysed the educational demands of the target group. Main results
stressed the need:

– for an overview of currently available AAL solutions;
– of R&D in this field;
– of the functionality of assistive technology and its benefits;
– of how to plan, implement and finance complex AAL systems;
– of the presentation, classification, and evaluation of systems regarding ethical aspects;
– of declarations and general legal conditions;
– to exchange experiences with other professionals.

Based on this, Bruder et al. [9] defined a set of educational objectives. In this sense,
participants should be:

– able to plan and accompany the design and implementation of a complex AAL system
for a specific demand – this includes knowing which kind of products are currently
in the market and which ideas are under research and judging on with technology is
appropriate for a certain demand;

– able to understand the general technical functionality and the social dimension of an
AAL system;

– aware of ethical and legal aspects related to AAL systems;
– able to find and discuss AAL solutions in interdisciplinary teams.

In turn, according toBehrends et al. [6] knowledge on the following topics is required:

– demographic change;
– the characteristics of the AAL target group; technological basics;
– funding opportunities; and
– critical aspects and consulting training.

For Heuner, Loeffler and Schmidt [20] the topics covered must be related to advisory
skills; law and financing; disease patterns and needs of the elderly; housing; ethical
aspects; and systems for AAL.

Gomersal et al. [18] outlined an evaluation concept for AAL solutions which pro-
vides useful synergies for AAL trainings: the key question is to understand what works,
for whom, in what context. Any technological support needs to respond to a unique
combination of psychosocial and occupational needs of each person [18] and an advisor
on AAL solutions should then be able to understand, evaluate and select AAL solutions
based on these aspects. Gomersal et al. [18] also suggest evaluations that go beyond the
individual level and take into account the whole network to understand how technol-
ogy produces effects, and what kind of networks are needed for the technology to be
beneficial to a person.
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Nitschke and colleagues [33] highlighted the following needed competencies:

– knowledge of AAL (professional expertise/competence);
– communication skills (social competence);
– problem-solving ability (method competence); and
– personal ability to reflect (personal competence).

Regarding the consultation situation, the conclusions from Katzmaiers study [23]
shows that the closest possible orientation towards the needs of the clients is considered
a fundamental success factor. An independent consultation without pressure to sell is
also appreciated, as well as solutions which offer the best possible fulfilment of needs
and are as cost-efficient as possible.

To summarise, the following skills are key for any education focussing on AAL
technologies:

– basic understanding of (using) ICT, and functionality of relevant technologies
including the social dimension of an AAL system;

– an overview of the AALmarket, currently available AAL solutions and other assistive
technologies, and main R&D projects in this area;

– legal requirements and ethical standards, including privacy and confidentiality spects
issues;

– financing of AAL solutions;
– communication skills and social competence;
– multidisciplinary working skills;
– awareness of the individual context of AAL advisory beneficiaries, of the ageing
process and demographic trends.

Training Approaches and Concepts: What is the Best Way of Training? In order
for professionals to develop the required competencies, adequate training concepts and
approaches need to be defined. An explicit reference to the training course conceptual
approach was not given in most of the analysed papers. However, Bruder and colleagues
[9], state to have adopted a student centered training concept as well as approached
the AAL concept from a sociotechnical perspective, which combines technical systems,
social contact and service to support elderly people in their daily life at home.

In turn, learning/teaching methods used to train AAL advisors are more frequently
described when characterizing the training courses. The most popular included: (i) the
use of everyday, realistic scenarios and example cases to illustrate and role play advisory
situations (e.g., [6, 9, 33]); (ii) the offer of hands-on experiences including demonstra-
tion/experimentation of AAL technologies by the advisor, for instance resorting to living
labs (e.g., [6, 9]); (iii) self-learning/study resorting to physical resources (e.g., [9]; (iv)
self-learning/study resorting to digital platforms/tools (e.g., [20]); and (v) traditional
classroom seminars/lectures [6, 9, 20]. Behrends and colleagues [6], when asking the
participants of a trainingmodule pilot to rate the usefulness of different learning/teaching
methods, found that case examples were the most preferred method. According to
Nitschke et al. [33], a suitable approach is the use of everyday scenarios and exam-
ple cases with theoretical inputs about the context, the subjective experience of the user,
etc. This allows training participants to learn how to make a decision within a particular
scenario,which needs to be as realistic as possible. TheEngAGEnt project also highlights
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the importance of having a scenario-based approach, which means that the knowledge,
skills, and competences to be achieved at the end of the training are to be acquired
against a backdrop of a real-life scenario [14]. Regarding the training modality, most
initiatives report having adopted a blended learning approach (e.g., [6, 7, 20]). A blended
learning approach was pointed out as the most suitable training approach, combining
online (e-learning) with f2f learning methodologies [7]. Technology-enabled learning
can play a vital role in contemporary education structures [40]. Therefore, blended learn-
ing is an effective approach and creates a rich educational environment since it increases
learning outside the traditional f2f learning environment and has a positive impact on
student motivation and performance in general [17, 21]. Heussner and colleagues [20],
for instance, resorted to an online platform integrating an information tool, a serious
game and a forum, allowing for self-learning and information exchange.

Concerning the training course structure (i.e. number of hours, modules), it largely
varied across different training experiences. For instance, while the course described by
Heuner and colleagues [20] consisted of three seminar days with a two month self-study
period in between, other courses where more time demanding (e.g., 40 lessons each
module in Behrends et al. [6]), and organized in several modules (e.g., [6, 9]).

Challenges and Ethical Considerations: What Does an AAL Advisor Need to Take
into Account? There are some challenges regarding the design of training courses for
AAL advisory. Behrends and colleagues [6] identify three main challenges: first, AAL
technologies are very diverse and can range from stand-alone assistive devices to fully
integrated smart homes; and they can contemplate a range of areas such as health & care;
safety & security; information & communication; among others. Yet, in spite of their
broader coverage, AAL solutions are still largely underrepresented in the market which
hampers the job of the AAL advisor. Second, AAL solutions must be adapted to the
needs of the users and this requires a comprehensive view of the users, considering their
needs and contexts. Third, provision of good advice regardingAAL solutionsmost likely
requires the collaboration between different professional groups, usually having their
own professional cultures and languages. In addition, Bruder and colleagues [9] stressed
the challenge of teaching technical aspects to trainees without a technical background.

Furthermore, there are ethical considerations that need to be taken into account.When
giving advice, especially to vulnerable people, as for instance persons with a cognitive
limitation (e.g. dementia), they might lack the capacity to decide for themselves whether
to make use of a particular technology. Moreover, privacy and security issues are of rel-
evance considering, for instance, the amount of personal and sometimes sensitive data
existing in the cloud when using AAL solutions, frequently interchanged with a large
number of devices always connected [16]. As stressed by Bruder and colleagues [9] pri-
vacy awareness is an absolute necessity forAALadvisors. Therefore, certain factors have
to be considered on an individual level such as the persons past and present concerns and
perspectives and the benefits that might be achieved by using technology [25].

4.2 Lessons Learned from Interviews and Collaborative Workshops

From the interviews and collaborative workshops analysis, it was possible to identify
three main themes: Benefits and profile of the Authorised Active Advisors; Skills and
Knowledge of the Authorised Active Advisors; and Preferences on the training concept
for Authorised Active Advisors. The lessons learned in each theme are presented in the
following subsections.
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Benefits and Profile of the Authorised Active Advisors. The value proposition of
the Authorised Active Advisor contemplates benefits for all three target groups of the
ActiveAdvice digital decision-support platform [43]. Older adults, as well as their rela-
tives, have shown a preference to receive advice personally. This f2f contact is seen as a
facilitator of personalisation, which constitutes a major benefit since it gives a response
to the users needs. Moreover, it is perceived as a contribution to prevent social isolation
by establishing human interaction, which consequently has a major impact in gaining
the users trust, as previously described [11, 34, 35, 41, 43]. Therefore, the primary stake-
holders – older adults [26, 43] – directly benefit from the Authorised Active Advisor,
whose activities should consist of assisting older adults to access AAL content, helping
them to choose and buy products and services, recommending technology that will sup-
port them and providing comprehensive information and knowledge on AAL solutions.
The Authorised Active Advisor could guarantee that there is a proper response to the
consumer’s real needs, articulating those with the right product or solution and avoiding,
at the same time, an information overload that could be harmful to the decision process.
Although Authorised Active Advisors would primarily play an advisory role towards
older adults (and informal and professional caregivers), businesses and governments
might also benefit from them. The lack of general public awareness of AAL technolo-
gies and their potential benefits are identified by business stakeholders as an obstacle to
introduce and succeed with these products and services in the market, a challenge that
can be overcome by Authorised Active Advisors. Moreover, reducing stigmatization of
AAL technologies, promotingmarket equipment attractively and offering differentiation
over other catalogue websites (that do not contemplate a human advisor component) are
some of the foreseen positive impacts on businesses. For governments, the existence of
the Authorised Active Advisor has the potential to increase the number of people self-
funding AAL solutions and, on the other hand, to reduce the number of people using
council services (e.g. care institutions).

As one of the key concepts of the ActiveAdvice project, a clear definition of the
intended profile of Authorised Active Advisors is needed. From the participants per-
spectives, we conceptualised two advisor profiles: the Authorised Active Advisor either
(i) works in an existing organisation or a business within the ageing and care market
(AAL product development, care advisory to older adults, sales and marketing, social
care organisations, education) (profile A) or (ii) has practical care/medical experience
and know-how in dealing with older people (i.e. gerontologists, occupational thera-
pists, social educators, etc.) (profile B) (see Fig. 2). The importance of having someone
with (professional) experience in the ageing field was stressed by participants and is in
accordance with the possibilities previously considered by the consortium.

Figure 2 illustrates the two profiles of the Authorised Active Advisors as well as
the different target groups for AAL advisory services. Since the appropriate support is
offered on an individual basis, there is no distinction made between the human advisor
profiles and advisees – older adults, informal and professional caregivers (see Fig. 2
above). Nonetheless, further research is necessary to study whether and how the differ-
ent Authorised Active Advisor profiles have an impact on the way the different target
groups/advisees are advised. The content and context are needed to be taken into con-
sideration. In addition, it is also important to further understand the relationship of the
quality of the individual advisory in context to the two profiles. This would also provide
important feedback on the training programme.

Skills and Knowledge of the Authorised Active Advisors. From the data collection,
it was also possible to identify a set of skills and knowledge that Authorised Active
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Fig. 2. Profile and target groups of the Authorised Active Advisor.

Advisors should have. In this sense, there are two key areas in which Authorised Active
Advisors must demonstrate knowledge and skills: (i) social skills, and (ii) knowledge
about ICT, technology in general and AAL. It must be noted, here, that interpersonal
relationship skills like empathy, patience, communication, trust were considered to be
more important prerequisites than technical knowledge.

Besides the two main areas mentioned above, it was also pointed out that Autho-
rised Active Advisors should have a general understanding of the ageing process and
its different challenges, namely having some general knowledge regarding main dis-
eases or health problems associated with the ageing process, such as dementia. Also,
they should have some knowledge about the difficulties underlying people’s lives – for
example, know or have some information about the context where the person lives, their
health conditions, what they need was highlighted. Furthermore, as Authorised Active
Advisors will also be resorting to the ActiveAdvice platform, some general knowl-
edge regarding the ActiveAdvice project is mandatory, namely what the core values,
vision and mission of the ActiveAdvice are. Lastly, Authorised Active Advisors need
to have a certain flair, social commitment and intrinsic motivation to offer advice and
assist older adults in their local community. Indeed, the participants considered that
the advisors should work on a regional/local level, since knowing very well the local
context where the person in need for advice is inserted is fundamental to properly recom-
mend local resources and inform about existing financial incentives and measures (e.g.,
reimbursement possibilities), which is, in turn, another important area of knowledge to
promote.

Lifelong learning implies the idea that knowledge can be acquired and skills can
be developed anywhere and anytime, so despite the existing knowledge and skills as
well as professional and personal experiences that potential Authorised Active Advisors
already have, it is necessary to provide further training. To follow the same training
programme is also crucial in order to guarantee some coherence and homogenization
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regarding the profile: this way, an adequate training levels out the differences between
the two profiles, ensuring that people with different backgrounds are able to gain the
same level of knowledge and skills necessary to act as an Authorised Active Advisor.

Preferences on the Training Concept for Authorised Active Advisors. The content
of a specific training course depends, among other factors, on the attributes, needs and
prior knowledge of the target group. It also depends on the way the course is delivered.
The participants showed a clear preference for a blended approach, where both online
and f2f sessions are available, which is aligned with the literature found at this respect
and previously discussed.

For the online component, learning/teaching methods suggested by the participants
include having educational material available online, and the organization of webinars
were also mentioned. For the f2f sessions, participants suggested group sessions and the
handing of educational material for self-study. Practical exercises/role-playing resorting
to the ActiveAdvice platform and hands-on experiences for testing and evaluating AAL
products were also highlighted as preferred strategies to use.

As outlined above, there are diverse groups of stakeholders targeted to provide con-
sultancy and advice on AAL. The heterogeneity of the mentioned groups (see e.g., [6,
7, 9, 33]) can be a strength for a training approach. While cooperation, especially with
organisations from other sectors, is a challenge, it also has distinct benefits, especially
in sharing knowledge in a bottom-up way [24].

Fig. 3. Training hub mock-up.

Named as an explicit educational objective by Bruder and colleagues [9], AAL
solutions should be discussed in interdisciplinary teams. Interdisciplinary cooperation
is, then, especially important for AAL since the implementation of technology-based
health services for older people always requires that different professional groups work
together ([7]; see also Behrends et al. [7]). In this sense, the academic and/or professional
background can be different.
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5 Training Concept Outline

Considering the Authorised Active Advisor profile, as well as their skills and knowledge
which is seen as mandatory by the interviewees and workshop participants, a training
concept was developed as an output of this study. As educational objectives, at the end of
the course, trainees must be able to: (i) identify AAL solutions and suppliers and assess
their pertinence towards users needs, resorting to theActiveAdvice platform; (ii) translate
users needs into a search strategy; (iii) assist and guide the individual during the decision-
making process; (iv) create, collect and/or resort to real-life testimonies, comments and
ratings of products and services; and (v) refer users to the correct authorities/advisors
in regards to questions on reimbursement, assessment, complaints or others. From the
data analysis, we conceptualize a course outline based on a blended learning approach
where the future Authorised Active Advisors could benefit from digital and f2f training
sessions. F2f sessions allow trainees to exchange experiences and doubts, deepen their
knowledge and be involved in role-play activities. In turn, online sessions, where trainees
will be able to access theoretical contents, were considered by the study participants as
an effective approach to achieving full proficiency. Another positive aspect of using a
blended learning approach is that it can accommodate an increasingly diverse student
population whilst adding value to the learning environment through the incorporation
of online teaching resources [2]. It offers students the chance of managing part of the
learning process based on each persons timetable – everyone can connect from anywhere
to receive online training [19].

Based on findings from both the literature analysis and qualitative study, and taking
into account a preference for a blended-learning training modality, a mock-up for a
training hub was designed within the ActiveAdvice project (see Fig. 3).

This mock-up/platform (see Fig. 3) has been developed primarily for workers f
organisations or businesses within the ageing and care market (Profile A) or workers
with practical care or medical experience and know-how in dealing with older people
(Profile B), who would be interested in expanding their knowledge and broaden their
job opportunities.

Regarding the training programme content, and according to insights gathered in
the research carried, the course is organized into five modules: (i) the ActiveAdvice
project and the digital ActiveAdvice decision-support platform; (ii) Ageing Process;
(iii) Ambient Assisted Living Technologies; (iv) Reimbursement and Administration;
and (v) Communication andHumanRelation. It is important to highlight that the national
context and its particularities will be taken into account when designing each module
(e.g. for funding and reimbursement issues).

Part of module 3, Ambient Assisted Living Technologies, is information about the
TAALXONOMY [28], a use-case based classification system for AAL solutions. The
TAALXONOMY consists of eight main use cases (scopes of application) and 43 scenar-
ios (areas of application). Knowledge about this classification system is also necessary to
understand the logic of the ActiveAdvice platform, which follows the TAALXONOMYs
use-case based approach.

Considering the main objectives of the training as well as its programme, a set of
learning outcomes were delineated in accordance (Fig. 4).
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Modules Programme Learning outcomes

1. ActiveAdvice 
Project & Decision-
support Platform

1.1..Introduction to the Active-
Advice project:

1.1.1 ActiveAdvice contextu-
alization
1.1.2.Aims and principles

1.2. Introduction to ActiveAdvice 
platform & its usage
1.3. ActiveAdvice code of con-
duct

The learner knows the objectives of the 
ActiveAdvice project and what is expected 
from them as Authorised Active Advisors;
The learner knows how to use the Active-
Advice platform and be able to assist others 
in using it;
The learner knows and is able to follow the 
code of conduct.

2.Ageing Process 2.1. Physical, Cognitive and 
Social Impacts of Ageing

2.1.1. Health-related prob-
lems
2.1.2. Social impacts of age-
ing

2.2.. Older adults and ICT

The learner has general knowledge regard-
ing the ageing process and its impacts;
The learner has general knowledge regard-
ing the most frequent age-related conditions 
(dementia, Parkinson, Alzheimer’s, etc.) 
and the possibilities to use technological 
solutions;

3.Ambient Assisted 
Living (AAL) 
technologies

3.1. AAL overview & core tech-
nologies
3.2. Benefits and Challenges of 
AAL

3.2.1.  TAALXONOMY 
classification model
3.2.2. Existing AAL products 
and services

3.3.. Future market developments
3.4.. Interoperability

The learner has a broad knowledge of AAL 
technologies: classification and types;
The learner is able to identify the challenges 
and constraints and explain the benefits of 
using AAL solutions;
The learner is able to give advice by corre-
lating the user needs with the different AAL 
products and solutions available;
The learner knows the basics of businesses
relevant to AAL;
The learner knows which solutions are 
compatible, and has a basic knowledge of 
the quality standards used in AAL technol-
ogies.

4.Reimbursement 
and administration

4.1. Reimbursement policies and 
practices - the local reality
4.2. Legal requirements & 
frameworks

The learner knows the essential reimburse-
ment policies of their local context;
The learner is familiar with the country-
specific legal framework relevant to work 
with AAL;
The learner knows relevant local resources 
and initiatives related to AAL (e.g. funded 
projects);
The learner knows where to find necessary 
and essential additional information on this 
topic.

5.Communication 
and Human Rela-
tions

5.1..Communicability and com-
munication modes

5.1.1. Customer Service 
Skills

5.2.Interpersonal relations - 
integral and humanized

5.2.1.Decision-making and 
cooperation
5.2.2. Active Listening & 
Empathy

The learner demonstrates interpersonal 
skills to ensure confidence and trust; 
The learner is able to actively listening and 
show empathy and patience;
The learner shows communication skills 
and strategies to engage users in the deci-
sion-making process.

Fig. 4. Training Course outline.
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6 Conclusion

Previous work from the ActiveAdvice project shows that end users are willing to learn
which products or services are useful for their specific situation, what makes their life
easier or where and how to find a specific product [43]. The ActiveAdvice platform
provides the much-needed information on AAL products and services, thus helping the
users to gather detailed insights before buying a product or asking for a service. Advice
is considered a key service that can have a great impact on and bring significant benefits
to people who resort to this kind of digital platforms. In this sense, having a human
advisory component in addition to the purely digital platform could have a great impact
on the way users resort to the ActiveAdvice platform. Authorised Active Advisors are
able to fill a gap in the decision-making process that an otherwise exclusively digital
environment cannot fill, due to the possibility for personal contact and human interac-
tion, and contextual knowledge for the individual situation. The integrated service logic
connected to the concept of Authorised Active Advisors may allow personalisation of
feedback, increased trust of end users as well as higher-quality advice.

According to a previous study carried out within the ActiveAdvice project [8, 42], an
Authorised Active Advisor can be conceptualized as a mediator between AAL providers
and end users, helping the end userswith the process ofmaking informed decisions. They
are a human touch to the digital platform.

Hence, we can recognize the added value of Authorised Active Advisors in several
aspects: (i) personal contact and human touch; (ii) trust; (iii) context knowledge; (iv)
ability to fill gaps in the digital advisor system; (v) confidence and autonomy; and (vi)
decision support.

The ActiveAdvice technical solution offers the tools and the digital intelligence to
the Authorised Active Advisors, so they can provide end users with up-to-date, useful
and applicable knowledge about AAL products and services, options for financial sup-
port and customer feedback. The advisory process can be quite complex and result in
very specific questions, sometimes only answered by specialists in a particular domain.
Therefore, Authorised Active Advisors can benefit from the European scope of the
ActiveAdvice platform and the connection with other registered advisors. Furthermore,
advice in AAL needs a multidisciplinary approach, taking into account different areas of
expertise (from general knowledge about the ageing process to ICT and e.g. questions of
interoperability to questions of reimbursement and the national legislation, as outlined
above) and different professional backgrounds [6, 7].

The idea of developing a community of Authorised Active Advisors can work as
a good opportunity, allowing different advisors to share experiences, specific knowl-
edge, and general expertise on different topics. In order to develop such a community,
it is important to explore the possibilities of different channels of communication. It is
important to note that online channels are of a distinct benefit for the scope of ActiveAd-
vice, as they (i) allow advisors to exchange knowledge and expertise across geographical
borders, and (ii) can allow a time independent knowledge exchange.

However, many open questions remain regarding the human advisor concept. First,
trust in the advisor is a core question requirement interviews carried out within the
project [43] showed that a concern is around the neutrality vs. expertise of the advisor
(for instance business actors perceived advice as being best given by those who sell
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a product, who are, on the other hand, not neutral actors). Second, growing old and
being in need of care is a rather local experience, therefore different advisor profiles are
probable to emerge in distinct local realities. It is up to the ActiveAdvice project to come
up with a detailed training concept to provide the necessary knowledge and leverage the
full potential of the integrated service logic.
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Abstract. It is a challenge to find effective ways for supporting older adults
to increase their levels of physical activity and develop habitual physical activ-
ity behaviours. Within the GOAL project, an mHealth intervention to motivate
older adults to be active was developed, by blending the iterative design and the
evaluation activities. The aim of this paper is to present the results of the itera-
tive evaluation process of this mHealth intervention. Evaluation end-points were
usability, user experience and potential effect. In total, four cycles of evaluation
and redesign of GOAL were conducted in order to create value-adding technol-
ogy, and demonstrate its impact. Each cycle contained test-weeks, weeks for data
analysis, and time for technical modification. In total, 28 participants (students
and older adults) interacted with GOAL for a total of 476 days and provided their
feedback. During the process, various usability issues were solved to improve
GOAL. The users rated the usability of GOAL as acceptable. Older adults were
positive about the idea to encourage a healthy lifestyle by using GOAL. During
the final evaluation cycle, GOAL encouraged older adults to be more active and
motivated them to reach their daily goal.

Keywords: Older adults · eHealth · mHealth · Games · Rewards · Iterative
design · Usability testing · Evaluation

1 Introduction

Despite the benefits of being physically active, the overwhelming majority of European
older adults do notmeet theminimumphysical activity levels necessary to remain healthy
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[1]. Unfortunately, a sedentary lifestyle is currently predominant in European older
adults. Among older adults, inactivity and a sedentary lifestyle are linked to numerous
negative health outcomes, comparable to the negative health outcomes of smoking,
excessive alcohol intake and obesity [2, 3]. Being physically active has many benefits: it
prevents the development of chronic health-related problems, it improves psychological
well-being and social outcomes [4], and can slow down muscle loss and prevent a
decrease in strength [5–7].

It is a challenge to find effective ways to support older adults to increase their level
of physical activity and develop habitual physical activity behaviours. It is known that
older adults are less interested in improving their health, but more interested in retain-
ing the state of health they already possess [8]. Next to this, they are more interested
in intrinsically enjoyable activities, such as group activities [9], as they emphasise fun
and enjoyment of social interaction as a motivation to be physically active. The engag-
ing nature of games can also provide motivating and enjoyable means to comply with
exercises and to increase physical activity [10, 11]. Games can be provided to older
adults in the old-fashioned way, such as board games, but also as mobile applications for
their smartphone or tablet. The latter is facilitated by the rapidly increasing use of such
technologies for health-related purposes [12] and gamification (the application of game
elements to non-game field) can engage older adults to use, and keep using technology
[13, 14].

Within the GOAL project, a new mHealth intervention to motivate older adults to be
active was developed. This mobile application rewards healthy behaviour, such as being
physically active, training the memory and participating in social activities, with GOAL
coins [15]. These coins can be used in mobile games. In doing so, GOAL addresses the
adoption of mHealth application that remains limited in the older population [16, 17]. To
facilitate improvement of GOAL and its uptake by older adults, an iterative approachwas
followed [18]. In theGOALdevelopment process, this iterative design (where technology
is developed, tested, and then redesigned and improved, using multiple iterations) and
evaluation activities blended into each other. The aim of this paper is to present the results
of the iterative evaluation of an mHealth application for rewarding healthy behaviour
among older adults on usability, user experience and potential effect.

2 Methods

In order for a technology to be pleasurable and meaningful, and thus, to be a success, it
must be first and foremost be functional and reliable. In other words, the tool must work
from a technological point of view. Then, when it is deemed functional and reliable, one
can focus on usability. Only when functionality, reliability, and usability are evaluated to
a satisfactory degree, the focus can shift to the user experience (including acceptance).
For the evaluation of GOAL, we took a similar approach. When we test the technology
with the target group (i.e., older adults), we want to make sure that the technology is
of such a quality that it works properly and has a minimum level of usability. In order
to achieve the latter, two evaluations were conducted in which participants with a high
level of digital literacy interacted with GOAL. Based on these experiences, the usability
and user experience of GOAL were improved. We applied this approach, so as not to
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burden a vulnerable population with low digital literacy (older adults) with a technology
that had potential usability flaws, which could easily be identified by conducting tests
with an easy to find, non-vulnerable group of participants. Only when we were sure
that GOAL functioned properly on a technological level, and had an acceptable level of
usability, did we embark on tests with older adults.

2.1 The GOAL Technology

From the point of view of the end-user, GOAL consists of the two core components:
the GOAL website and the GOAL mobile application. The Website is the “entry-point”
to the platform. This website leads the end-user to a signup page for new users. Within
the website the end-user is able to set up an account or log in using already existing
credentials. Upon registration or login, the user is exposed to the main dashboard of
the web application from which they are able to navigate to the main sections of the
application including the wallet (providing an overview of GOAL coin transactions),
the physical activity dashboard, games and access to a social marketplace.

The GOAL mobile application is the information centre that the user can use to
get all GOAL-related info and access the different GOAL services. It offers users’ profile
management, an overview of the gained GOAL coins, an overview and access to the
games and an overview of the social marketplace tasks. Uniquely for the mobile version,
it also offers physical activity tracking. The information is summarized in an overview
screen, from where the user can navigate to screens with additional details (see Fig. 1).
In an earlier paper the GOAL technology is described in more detail [15].

Fig. 1. Overview screen of the GOAL Mobile Application.
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2.2 Overview of the Evaluation Cycles

In total, four cycles of evaluation and redesign of GOAL were conducted in order to 1)
create value-adding technology, and 2) to demonstrate its impact. Every cycle contained
test-weeks andweeks for analysis of test data and technicalmodification. Table 1 displays
the different cycles, their aim, the methods that were applied and the participants that
were recruited in each cycle.

Table 1. Overview of the aim, methods and participants of each evaluation cycles.

Cycle Aim Method (s) Participants

1 Usability Pretest: demographics and think
aloud protocol Post-test: exit
interview and questionnaires

Students

2 Usability Pretest: demographics and think
aloud protocol Post-test: exit
interview and questionnaires

Students

3 Usability and user experience Pretest: demographics and think
aloud protocol Post-test: exit
interview and questionnaires

Older adults

4 Usability, user and game
experience and potential effect

Pretest: demographics Post-test:
exit interview and questionnaires

Older adults

3 Cycle 1

Participants were asked to complete a pre-test assessment. First, they were asked to
complete a short demographics questionnaire. Then, a concurrent think-aloud protocol
was administered in which they had to complete four predefined tasks within GOAL
while verbalizing their thoughts. The data acquired in this way was supplemented by
the observations of a researcher. The tasks included:

– Task 1: Downloading the GOAL mobile application.
– Task 2: Setting up an account.
– Task 3: Visiting the GOAL website.
– Task 4: Pairing the GOAL mobile application with the external Activity Coach
application.

These tasks reflected some of the central functionalities of GOAL. Participants had
five minutes to complete each task. If they could not complete the task within that time
or did not want to proceed, they proceeded to the next task. After carrying out all tasks,
they filled out the System Usability Scale (SUS) [19].
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During this first cycle of the evaluation, participants were asked to use GOAL for 7
days. After these 7 days, participants were invited for a post-test assessment. This post-
test assessment started with a short semi-structured interview, in which participants
were asked to share their ideas about GOAL. We discussed the advantages, the points
of improvement and the experienced problems. After the semi-structured interview,
participants were asked to complete the SUS again.

Both the pre- and post-test assessment had an average length of 30 min. The tests
were conducted in a usability lab. Each test was performed in a closed room to minimize
distraction. Audio recordings were made during the tests. All participant gave informed
consent prior to pre- or post-test assessment.

3.1 Technology

During the first cycle, a basic version of GOAL was used. This version included the
GOALmobile application and the Activity Coach application. The GOALmobile appli-
cation consisted of a dashboard presenting four functionalities: activity tracking, coin
collecting, playing games, and challenging other users. The Activity Coach is a mobile
application that can be paired with a commercial activity tracker and digital weighing
scale to count steps and track weight. Next to the mobile application, the end-user had
access to the GOAL website. This website leads the end-user to a signup page for new
users.Within the website, the end-user is able to set up an account or log in using already
existing credentials.

3.2 Participants

In total, ten participants were recruited for the first cycle of the GOAL evaluation. In
the Netherlands five participants were recruited for pre- and post-test, although one did
not participate in the post-test. In Greece, five participants were recruited who only
participated in the post-test evaluation. During the evaluation of GOAL, we did not want
to unnecessarily burden the target population (community dwelling older adults). As the
maturity level was uncertain and multiple usability issues were expected, students and
colleagues were asked to participate. Of the all participants, four were male and six were
female. Their age was, on average, 29 years (range between 23 and 41 years old).

3.3 Pre-test Assessment

Usability Issues: During the pre-test, the participants had problems with executing the
four basic tasks. Participants had problems with finding the GOAL mobile application
in the Google Play Store. Additionally, participants preferred receiving feedback when
having successfully registered. Participants also indicated that they were unaware of the
term “stride length”. However, participants thought the ability to update their profile
through the settings menu was intuitive. When going to the website, participants noticed
that it was not optimized for use on the mobile phone, although they indicated they
would like to use the website on their phone. They would find it convenient to have a
link to the website in the mobile application.
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Usability: Pre-test, the GOAL mobile application SUS scored was between 28 and 75
points. The average score on the SUS was 55 (SD 20.2) indicating that the usability is
“ok”.

3.4 Post-test Assessment

Praise for the GOAL Platform: The participants liked the potential to get a reward for
being active. They indicated that it would be fun to track activities and set goals. The
participants also liked the user interface of the mobile application, which, they stated,
was easy to use and intuitive. One participant indicated that this mobile application could
be possible interesting for children, especially when they are physically inactive.

Usability Issues: The participants indicated that none of the options were functional.
The step counter did not work for them, it was unclear if they needed an external activity
monitor to count steps, the participants could not collect any coins or set goals/tasks,
and the games were not available yet.

Usability: Post-test, the SUS score changed, the four participants recruited in the
Netherlands rated the GOAL mobile application between 43 and 68 and an average
score of 56 (SD 10.5, n = 4). Together with the five participants from Greece, the
usability of the GOAL mobile application was rated “ok” (SUS score 70 (SD 17.6)).

4 Cycle 2

For the second cycle of theGOALevaluation,we followed the samemethods as described
for the first cycle. However, one of the tasks to be performed during the pre-test to assess
the usability of GOAL was changed (task 4). The participants had to complete the
following four tasks:

– Task 1: Downloading the GOAL mobile application.
– Task 2: Setting up an account.
– Task 3: Visiting the GOAL website.
– Task 4: Pairing the GOAL mobile application with one of the available games (“Let’s
Quiz!” or “Pair me!”).

4.1 Technology

During the second cycle, a GOAL mobile application with several updates (mainly bug
fixing) was used. This version of the GOAL mobile application could be paired with the
Activity Coach and could be paired with two games that could be downloaded from the
Google Play store: “Let’s Quiz!” and “Pair Me!”
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4.2 Participants

Considering the outcome of the first cycle of the GOAL evaluation and the number of
requests for improvement, we decided to invite students to participate again. To evaluate
the improvements of the GOAL platform, the participants of the first cycle were asked
to also participate in this second cycle. Additionally, new participants were recruited in
both the Netherlands and Greece. In total, 13 participants completed the second cycle.
Of the participants, 5 were male. Their average age was 29.1 years old (range of 16–47
years).

4.3 Pre-test Assessment

Usability Issues: The participants still had several problems with the execution of the
four basic tasks. Participants again had problems with finding the GOAL mobile appli-
cation in the Google Play store, and indicated that it was unclear whether and how they
could save the entered profile details. The participants viewed thewebsite on a laptop and
found the design nice and clean, with clear headings. Participants liked that they could
find the games in the GOAL mobile application, although they would like to receive a
confirmation that they successfully connected the game to theGOALmobile application.
It was suggested to integrate the games into one app package with the GOAL mobile
application, so no separate downloads would be necessary.

Usability: The GOAL mobile application SUS score was between 40 and 85 points.
The average score on the SUS was 61.5 (SD 21.8) indicating that the usability is “ok”.

4.4 Post-test Assessment

Praise for the GOAL Platform: The participants who also participated in the first
cycle of the GOAL evaluation claimed that the updated mobile application was clearly
improved. Setting-up the account was very intuitive, and participants found the explain-
ing texts about stride length and other entries useful. Two games were now available to
play and participants enjoyed to play the quiz. Moreover, participants were happy that
their scores from the games also appeared in the GOALmobile application. Participants
also liked the way their activity level was represented; the graphs were informative and
it was nice to have different representations of activity levels.

Usability Issues: Participants did not collect any coins, nor understood how they could
collect coins. Moreover, despite being able to set tasks, it was hard to understand what
could be done with them. Some participants mentioned that the step counter did not
work at all, others thought it only worked after opening the mobile application, and a
few stated that the step counter was not accurate. “Let’s Quiz!” appeared to have some
bugs; questions were repeated, too hard, or contained errors. Four participants who had
already participated in the first cycle, mentioned that they forgot their password and
would like a ‘password reset’ button.
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Usability: During the post-test, the SUS scores changed. The nine Dutch participants
rate the GOAL mobile application between 32 and 80, with an average score of 58.2
(SD 12.8, n= 9). The four participants from Greece rated the GOALmobile application
between 72.5 and 80, with an average score of 76.3 (SD 3.2, n= 4). Taken together, the
post-test SUS score averaged at 65.7 (SD 17.0, n = 13).

5 Cycle 3

For the third cycle of the GOAL evaluation, we followed the same methods as described
for the first and second cycle. The tasks to be performed during the pre-test to assess
the usability of the GOAL platform were the same. However, to assess the end-user
experience we asked the participants to complete post-test after the short semi-structured
interview a questionnaire focusing on end-user experience. This questionnaire with sum-
mated rating scales was based on the Technology Acceptance Model (TAM) [20]. We
expandedTAMwith factors that have been found to shape the user experience ofmHealth
technology: enjoyment [21], aesthetics [22], control [23], and trust in the technology [24].

5.1 Technology

During the third cycle, a GOAL mobile application with several updates was used.
The features of the GOALmobile application were expanded. In this version the activity
tracking was optimized by the option to switch for activity tracking to the Activity Coach
app (which incorporates steps data from a Fitbit tracker). Next to this, improvements
were made to various charts to present GOAL activities and the level of daily activity to
the user. Last, in this version of the GOALmobile application it was feasible to manually
create and reward tasks within the social marketplace.

5.2 Participants

After cycle 1 and 2 of the GOAL evaluation, thematurity level of the technologywas suf-
ficient to ask community dwelling older adults to use the technology for a longer period
of time (1 week). In total, eight participants completed the third cycle. Initially, fifteen
community dwelling older adults agreed to participate, but three owned an incompatible
smartphone, two did not have or did not use a smartphone, one decided to withdraw, and
one had health problems during the evaluation sessions. Two participants were female.
The average age was 72 (range 69–76) and five participants completed higher education.
The participants were members of a panel that is aimed to involve older adults in eHealth
design.

5.3 Pre-test Assessment

Usability Issues: During the pre-test, seven participants managed to download and
install the mobile application. One participant did not manage to do so. Some par-
ticipants mentioned they had never used the Google play store to download and install a
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mobile application.When creating an account, the participants struggledwith finding the
registration screen and typing the password twice, and two participants asked whether
the password needed to fulfil requirements. The GOAL mobile application crashed sev-
eral times when attempting to fill in the user’s weight in the profile section, and many
participants struggled with filling in the profile details (they had trouble with finding the
next profile section, saving the profile details, and scrolling to the right date of birth).
When going to the GOAL website on a computer, four participants managed to find the
login page without help. Logging on to the website appeared to be troublesome, because
many participants could not read where to enter the details, due to a low contrast between
letters and background. Two participants wanted to have bigger letters, but three older
adults indicated they liked the simple design. Two older adults did not understand how to
return to the main dashboard. All participants could install the game and login, although
the login screen was unintuitive.

Usability: The GOAL mobile application SUS score was between 55 and 80 points.
The average score on the SUS was 70 (SD 8.5) indicating that the usability is “ok”.

5.4 Post-test Assessment

Praise for the GOAL Platform: Half of the participants enjoyed the games, and three
older adults indicated they would like to use the mobile application if it would actually
count steps accurately. The dashboard was perceived as simple and basic, with a nice
overview of everything. Older adults also enjoyed looking at how many steps they took,
with one person considering the idea of collecting coins for fun.

Usability Issues: Five participants indicated that the step counter did not work and did
not count steps at all. Two participants indicated that they do not carry their phone all the
time, and one would prefer to have a watch. Some participants did not understand MET
minutes, the red line in the activity graph, and two participants preferred more explana-
tions about the menu and functions of the GOAL mobile application. Three participants
indicated they would like to record cycling as well, and a Dutch mobile application ver-
sion was also preferred. The participants did not specifically like collecting coins, and
many did not collect coins as their step counter did not work. None of them used coins in
the games. Two older adults forgot their password and could not use the memory game.

Usability: At the post-test, the SUS score changed. The eight participants rated the
GOALmobile application between 40 and 87.5, with an average score of 65.6 (SD 15.7,
n = 8). This is slightly lower than pre-test score.

User Experience: The scores on the user experience are presented in Table 2. Indicating
the wide range, the opinions of the participants were very diverse. Overall, their opinion
on the user experience determinants was neutral. However, five participants indicated
that the mobile application was “easy to use”.
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Table 2. User experience score of evaluation cycle three.

Range Average Attitude of participants (n) towards
the GOAL platform

Positive Neutral Negative

Enjoyment 1.8–4.5 3.3 (SD ± 0.9) 1 7 0

Aesthetics 1.5–5.4 3.4 (SD ± 1.1) 1 6 1

Control 2.0–6.7 4.0 (SD ± 1.6) 2 4 2

Trust in technology 2.0–4.5 3.4 (SD ± 0.8) 1 7 0

Perceive usefulness 2.0–5.0 3.0 (SD ± 1.1) 3 5 0

Ease of use 1.0–6.0 3.0 (SD 2.0) 5 2 1

Intention to use 1.8–4.5 3.3 (SD ± 0.9) 1 7 0

5.5 Focus Groups

During cycle 3 of the GOAL evaluation, we also discussed GOAL with a group of older
adults from a local elderly association. After an introduction of the GOAL technology,
the older adults were asked to share the advantages and disadvantages they saw, and
their ideas concerning the possibility to earn GOAL points.

In total, 21 older adults participated during the two focus groups. The majority of
the participants were male (62%). The average age of participants was 72 years old (SD
± 3.7 years; range 64–79 years-old). As advantages, the majority of the participants
(52%) mentioned the aim of the technology to encourage a healthy lifestyle. Next to
this, seven participants mentioned that the fact that GOAL is free to use (no financial
reimbursement). Another five participants mentioned that they liked the idea to learn
something new and experienced using GOAL as fun or a nice challenge. As disadvan-
tages, participant mentioned the fact that the GOALmobile application is only available
for Android smartphones (nine participants) and that the GOAL mobile application is
mainly in English (five participants). As another disadvantage it was mentioned that the
target population is partly reluctant towards playing mobile games (five participants).

Thirteen participants, claimed that maintaining health could be the biggest reward
when using GOAL. Another reward that was mentioned is “making progression visible”
(by seven participants). Next to this, four participants experienced being active as a
reward in and of itself. With respect to earning GOAL coins, eight participants claimed
that they wanted to earn GOAL coins by being physically active. Last, the participants
were asked how theywould like to spend theGOALpoints they earned. Nine participants
would like to receive a gift card for (digital) books/newspapers (n= 3), for things related
to their hobby (n = 5), or to buy new technology (n = 1). Four participants would like
to help others or a charity, one participant would like to spend coins on activities with
his/her grandchildren, and one participant would like to receive a discount on his/her
health insurance. Finally, eight participants had no interest in spending earned GOAL
coins.
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6 Cycle 4

Various improvements were made after the third cycle. As the primary focus of cycle
3 was on usability and user experience, limited data was gathered on the actual use of
the technology. Therefore, cycle 4 focused on the use of GOAL by the target popula-
tion (community dwelling older adults) with pre-installed technology on a Samsung S3
smartphone and aFitbitAlta step counter.During pre-test, participantswere instructed on
how to use the smartphone with the pre-installed mobile application and the Fitbit. They
put the Fitbit on their wrist and were told to synchronize the Fitbit with the smartphone
every day. During pre-test, the participants completed several questionnaires:

– The revised Sports Motivation Scale (SMS-II) [25], a validated instrument for assess-
ing sports motivation; a domain closely related to adopting a healthy lifestyle.
[26]

– The Physical Activity Scale (PAS) [27], a scale in which respondents indicated the
hours per day spent in nine different activity categories, ranging from sleeping and
resting, to running and playing tennis.

– A health literacy questionnaire [28], with three questions three focused on respon-
dents’ confidence and need for help in understanding health information

The participants were asked to use the Fitbit and smartphone for at least twoweeks in
their normal life. They could use the GOAL mobile application at their own discretion.
A post-test assessment was scheduled fourteen days later. During the post-test interview,
participants expressed their general experience with the GOAL application, completed
the System Usability Scale, and the TAM section of the User Experience Questionnaire
fromprevious cycles, with the addition of several questions on likeability andmotivation.
Last, during a semi-structured interview, participants addressed the separate components
of GOAL. The post-test assessment had an average length of 45 min. Audio recordings
were made during the tests. All participants gave informed consent prior to pre-test
assessment.

6.1 Technology

During the fourth cycle, a GOAL mobile application with several updates was used.
The social marketplace feature was improved extensively. For instance, task invitations
could be ignored, task creators could delete pending tasks and past tasks were listed in a
new screen. Next to this, there was a redesign of the UI of the GOALmobile application
and bugs were fixed. Last, a gamification layer (Island Exploration game) was available.
This game rewarded end-users with mini games when the daily step goal was reached.

6.2 Participants

In total, fifteen participants were included in this evaluation. Seven of them also par-
ticipated in the third evaluation cycle. Of these participants, eight were male and seven
were female. Their average age was 69.6 ± 5.4 years (range 59–78). Nine participants
completed higher education, and fourteen lived together with a partner. All participants



The Results of an Iterative Evaluation Process of an Mhealth Application 73

answered the eleven questions regarding their motivation to live healthy [26]. From this
questionnaire, it appeared that eleven participants were intrinsically motivated to live
healthy. The average health literacy score was 0.76 ± 0.1 on a 0–1 scale. The average
estimated MET (metabolic equivalent) per 24-h day was 46.4 ± 8.2 (range 31.1–58.2),
which falls right below the 49.66 asmeasured byAadahl and Jørgensen [27] in 39Danish
men and women from the age range 20–60.

6.3 Post-test Assessment

Praise for the GOAL Platform: Most participants enjoyed seeing their step count and
activity level and many of them were motivated to go for a walk if they saw that they
had a low step count. Even older adults who indicated they were not motivated by the
numbers, stated that they sometimes went for an extra walk to make some additional
steps. Meeting the step goal was challenging for some, but older adults also enjoyed
reaching their goal.

Some participants mentioned they enjoyed playing the games; especially Let’s Quiz
received positive feedback. Pair Me was also perceived as fun and a few older adults
indicated they enjoyed the mini game in the Island Exploration game. One person would
definitely buy the GOAL mobile application if it became available.

Usability Issues: The participants did not have to install the GOAL mobile applica-
tion themselves, so no feedback could be provided on downloading and installing the
app. Each participant used the GOAL mobile application in combination with a Fitbit
that needed to be synchronized with the smartphone using the Fitbit app every day.
This caused some problems, as the Bluetooth connection between the Fitbit and the
smartphone did not always work.

Unfortunately, technical problems biased the opinion of some participants, while
other participants experienced fewer problems. Using the Fitbit also influenced the feed-
back, since several participants only checked their step count on the Fitbit watch and
app, as they said it was easier.

Some participants had technical problems with receiving GOAL coins in the GOAL
mobile application. However, many of them expressed that they did not look at how
many coins they collected, so they did not notice that they had not received any. Some
other participants, who had not this technical problem, also indicated they did not look
at the number of coins they received. Reasons for this were that they did not know what
to do with these coins, they received too many coins for it to be interesting, or earning
coins did not motivate them to be more active and/or use GOAL.

Usability: The GOAL mobile application scored between 27.5 and 97.5 points on the
SUS (n = 15). The average score on the SUS was 68 ± 15 indicating that the usability
is “ok”.

User Experience: The score on the user experience are presented in Table 3. As can be
seen from the wide range, the opinions of the participants (n = 15) were very diverse.

Willingness to Pay: Participants indicated their willingness to pay by choosing from
the following options: One time 0, 5 or 10 euros, and 2, 5 or 10 euros per months. Very
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Table 3. User experience score of the cycle 4.

Range Average Attitude of participants (n)
towards the GOAL
platform

Positive Neutral Negative

Ease of use 1–6.5 3.8 ± 1.8 4 8 3

Intention to use 1–7 3.9 ± 1.7 4 8 3

Perceived usefulness 1.5–6 3.2 ± 1.1 3 11 1

few participants (n = 2) would be interested in paying a monthly fee. Six participants
were interested to pay a onetime fee of 5 euro (n = 3) or 10 euro (n = 3) and also six
participants were not willing to pay for the GOAL mobile application at all.

Gaming Experience: The opinions about games being included inGOALwere diverse.
Some participants indicated that they enjoyed the memory game and almost half of the
older adults had played the quiz and thought it was fun to do. The older adults who had
played the quiz made the following comments: The questions do not fit the target group,
the same questions appear repeatedly after a while, and the font size is too small for
comfortable reading. The memory game caused problems, as participants claimed that
they were logged out of the game and found it too much trouble to log in again. The
Island Exploration game lacked an explanation; participants indicated that they did not
know how to start a mini game, or how to play it.

We also asked the participants how they liked the separate components GOAL.
They rated the GOAL mobile application, PairMe!, Let’s Quiz, and the GOAL Island
Exploration game on a scale of 1 to 7 (very fun to very dull). The scores are presented
in Table 4.

Table 4. Likeability scores for the four components GOAL.

Range Average (1 = very fun, 7 = very dull)

GOAL mobile application 1–6 3.1 ± 1.8

PairMe 1–5 3.2 ± 1.1

Let’s quiz 1–6 3.3 ± 1.7

Island exploration game 1–6 3.6 ± 1.4

Motivation: The participants indicated how they were motivated by the GOAL mobile
application to be more active and rated three statements on a scale of 1 (completely
agree) to 7 (completely disagree) (Table 5). It became apparent that participants feel
motivated by GOAL in general, but not by collecting coins or by playing the Island
Exploration game.
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Table 5. Scores on three statements about motivation to be more active.

Range Average (1 = agree, 7 = disagree)

GOAL motivated me to be more active 1–5 2.5 ± 1.6

Receiving GOAL COINS motivated me to be
more active

4–7 5.1 ± 1.3

The Island Exploration game motivated me to
be more active

4–7 5.1 ± 1.2

7 Discussion

The aim of this paper is to present the outcomes of the iterative development and evalu-
ation of an mHealth application for rewarding healthy behaviour among older adults. In
total, 28 participants (students and older adults) interacted with GOAL for 476 days and
provided their feedback for improving the technology. During the iterative cycles, vari-
ous usability issues were solved to improve the usability of the GOAL platform. In the
end, the usability of theGOALplatformwas acceptable. The aim ofGOAL is tomotivate
the target population (older adults) to live an active life. During the focus groups, the
majority of the participants were positive about the idea to encourage a healthy lifestyle
by using GOAL. And during the final evaluation cycle, most participants enjoyed seeing
their step count and activity level and many were motivated to go for a walk if they
saw that they had a low step count. Older adults enjoyed reaching their goal and felt
motivated by GOAL in order to be more active.

For this study an iterative approach was followed. In four iterations, the technology
was developed, evaluated with end-users, and redesigned. An advantage of this app-
roach is the possibility to tailor GOAL to the specific environment and skills of the
older adults. This will, following Broens et al. 2007 [29], maximize the probability of
successful implementation. However, successful implementation of technology is not a
purely technical topic and multiple aspects need to be taken into account. In general, the
acceptance of technology by older adults is based on four aspects: individual aspects,
technology aspects, social aspects and delivery aspects [30]. During our evaluations, we
mainly focused on technology factors (design and functional features that affect how
older adults interact with technology) and individual factors (characteristics of older
adults as individual users that affect their interactions with technology). To get a broad
overview of the acceptance of GOALby the older adults it will be good to focus in further
studies on the social (expectations and needs that arise from the social and cultural con-
texts that older adults are in) and delivery (ways in which technology is communicated
and distributed to older adults for purchase and use) factors.

An iterative approach is an important component in the development and successful
acceptance of eHealth [18]. However, it is not very common in the literature on usability
testing to address multiple iterations in one study. A recent scoping review by Maramba
et al. 2019 [31] found that in less than a third of the included studies at least two
iterations were discussed. This could be due to the possibility that iterations had already
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taken place prior to the study has being reported [31]. It would be valuable when this kind
of information was reported and more information was provided on previous iterations.

As participating in this evaluation of GOAL was voluntary, the selection bias of the
subjects is a weakness of this study. The majority of the older adults who were willing
to participate, were technology-minded and had the basic skills to use a (smart) phone,
tablet or laptop. To assess the usability of GOALwe used the SUS. It was recently found
that this instrument is not optimal as a stand-alone usability benchmark for eHealth
[32]. Therefore, we also assessed the usability of GOAL by a Think-Aloud protocol to
determine the usability issues. For this protocol the participants had to complete several
takes, unfortunately we did not report on the task completions or the time to complete
the requested task, as this would be a more mature method to test the usability of GOAL.

8 Conclusion

In this paper we have reported on a series of evaluations of different prototypical versions
of GOAL. Results show that usability and user experience are satisfactory, but that
there is still room for improvement. Results on potential effectiveness suggest that the
technology can fulfil its goal: making older adults more active and lead a healthier
lifestyle. Combined with the fact that there is willingness to pay shows that the concept
of GOAL is evaluated positively, and that, at the current moment, the technology has a
satisfactory maturity level.
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Abstract. The number of people searching for on-line health information has
been steadily growing over the years so it is crucial to understand their specific
requirements in order to help them finding easily and quickly the specific infor-
mation they are looking for. Although generic search engines are typically used
by health information seekers as the starting point for searching information, they
have been shown to be limited and unsatisfactory because they make generic
searches, often overloading the user with the provided amount of results. More-
over, they are not able to provide specific information to different types of users. At
the same time, specific search engines mostly work on medical literature and pro-
vide extracts from medical journals that are mainly useful for medical researchers
and experts but not for non-experts.

A question then arises: Is it possible to facilitate the search of on-line
health/medical information based on specific user requirements? In this paper,
after analysing the main characteristics and requirements of on-line health seek-
ing, we provide a first answer to this question by exploiting the Web structured
data for the health domain and presenting a system that allows different types of
users, i.e., non-medical experts and medical experts, to retrieve Web pages with
language complexity levels suitable to their expertise. Furthermore, we apply our
methodology to the results of a generic search engine, such as Google, in order
to re-rank them and provide different users with the proper health/medical Web
pages in terms of language complexity.

Keywords: E-Health · Health information seeking · User requirements ·
Language complexity · Structured data on the web

1 Introduction

The number of people searching for on-line health information has been steadily growing
over the years [1, 2] so it is crucial to understand their specific requirements in order
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to help them finding easily and quickly the specific information they are looking for.
Although search engines are typically used by health information seekers as the starting
point for their searches [2, 3], they have been shown to be limited and unsatisfactory for
finding online health information easily and quickly [4, 5]. In particular, generic search
engines (e.g., GoogleTM or BingTM) exploit the wholeWeb but make generic searches,
often overloading the user with the offered amount of information. Moreover, they are
not able to provide specific information to different types of users. At the same time,
specific search engines, such as PubMed1 or the Cochrane Library2, mostly work on
medical literature and provide extracts from medical journals that are mainly useful for
medical researchers and experts but not for non-experts. Moreover, they do not consider
all the information contained in the Web that is often addressed to non-medical experts.

A question then arises: Is it possible to facilitate the search of on-line health/medical
information based on specific user requirements? In this paper, we provide a first answer
to this question by exploiting the structured data on the Web for the health domain and
presenting a system that allows different types of users, i.e., non-medical experts and
medical experts, to retrieve Web pages with language complexity levels suitable to their
expertise. Furthermore, we apply our methodology to a generic search engine, such as
Google, in order to re-rank its results and to provide different users with the proper
health/medical Web pages in terms of language complexity. To this end, we first present
a short survey of the main characteristics and requirements related to health information
seeking on the Internet. We then analyze the structured data on the Web with particular
reference to the health/medical field (by using health-lifesci.schema.org) and classify
health Web pages based on different audience types such as patients, clinicians and
medical researchers. Next, we present the results of some experiments on the language
complexity of medical Web pages with structured data and propose a mapping between
the language complexity requirements and the health-lifesci.schema.org audience types.
We then present the architectural and implementation details of FACILE, a meta search
engine that provides Web pages ranked in accordance to the audience type. Finally,
we show the results of applying FACILE search and ranking capabilities to both the
schema.org structured data and the Google results.

Some of the principles presented in this paper are based on the ones discussed in a
previous work [6]. The present work, however, extends the previous study by including
a literature survey on the health seekers requirements. Moreover, a larger dataset is used
by merging the health-lifesci.schema.org structured data of 2017 with the ones of 2018.
Furthermore, the description of the FACILE architecture and implementation (with a
new ranking formula that takes into account a higher number of parameters) is added
together with the application of the FACILE searching and ranking mechanism to both
the schema.org structured data and the Google results.

1 https://www.ncbi.nlm.nih.gov/pubmed/
2 https://www.cochranelibrary.com/

https://www.ncbi.nlm.nih.gov/pubmed/
https://www.cochranelibrary.com/
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2 Characteristics and Requirements of On-line Health Information
Seeking

We now briefly analyze the main characteristics related to health information seeking
on the Internet, based on the following dimensions:

• Who (e.g., number of people searching for health information on the Internet);
• Where (e.g., search engines, social networks);
• When (e.g., time frequency);
• What (e.g., symptoms, pathologies, remedies, drugs);
• How (e.g., user requirements of on-line health information seekers).

The ‘Cyberchondriacs’ Harris Poll [1] shows that the percentage of all US adults
who search for health or medical information online has increased from 27% to 76%
from 1998 to 2010. Moreover, the ‘Health Online 2013’ Pew report [2] says that 72%
of adult users in the U.S. were looking for health information online in the previous
year. When asked to think about the last time they went online for health or medical
information, 39% of online health seekers say they looked for information related to
their own situation. Another 39% say they looked for information related to someone
else’s health or medical situation. An additional 15% of these internet users say they
were looking both on their own and someone else’s behalf. For what concerns Europe,
[7] shows a growth from 14% to 39% in the 2005-2007 period. Moreover, in 2010,
national bodies reported that 52,5% of adults in Spain were looking for health content
on the Internet [8] and 39% in the UK [9].

According to [2], 77% of online health seekers say they began their last session
at a search engine such as Google, Bing, or Yahoo. Another 13% say they began at
a specialized site in health information, like WebMD. Just 2% say they started their
research at a more general site like Wikipedia and an additional 1% say they started at
a social network site like Facebook. According to the survey reported in [10], a general
search engine is themost frequently used tool to look for online health information.Other
popular sources include Websites providing health information (38%) and Wikipedia or
medical search tools such as HONselect and Medline Plus (37%). Forums and blogs are
always or often used by 23% of the respondents and 5% use Facebook or other social
networks. The same paper affirms that Internet is the second source of information after
physicians whereas [11] states that Internet is the most commonly consulted resource
for health information followed by conversation with health care providers and use of a
medical dictionary.

The ‘Cyberchondriacs’ Harris Poll [1] shows that the percentage of US adults who
often or sometimes search for health or medical information online has increased from
42% to 73% from 1998 to 2010. Moreover, 81% of health information seekers say that
they have looked for health information online in the last month and 17% say they have
gone online to look for health information ten or more times in the last month. On
average, health information seekers do this about 6 times a month. According to the
survey presented in [10], 24% of the respondents say they look for health information
on the Internet at least once a day and 25% do it few times a week. Moreover, 8% do it
once a week, 16% do it few times a month and 16% do it once a month.
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The ‘Health Online 2013’ Pew report [2] shows that the most searched health topics
are: Specific disease or medical problem (55%), Certain medical treatment or proce-
dure (43%), How to lose weight or how to control your weight (27%), and Health
insurance, including private insurance, Medicare or Medicaid (25%). According to the
survey reported in [10], the search activity of users is mostly focused on general health
information (68%), long-term chronic diseases (59%), healthy lifestyle and nutrition
(50%), short-term (up to 2 weeks) acute disease (39%), kids health (22%) and elderly
health and care (19%).

A short literature review to evaluate themain user requirements of health information
seekers has been carried out in another work [12]. The survey has been revised and
extended and the results are reported in Table 1.

Although limited, the literature review presented above shows that the main
requirements of health information seekers are the following:

• Language complexity
• Information quality (mainly intended as information trustworthiness)
• Information classification/customization.

Summarizing, we have found that there is a high number of people seeking for
health information on the Internet that has been constantly increasing over the years
(who). Search engines are the most used means to access medical information (where)
and they are used more and more often (when) to seek information on a broad range
of medical subjects (what). Moreover, the main requirements of health information
seekers are language complexity, information quality and information classification and
customization (how).

As stated in the Introduction, this paper mainly focuses on presenting the princi-
ples and design/development details of a system that allows to provide different types
of users (e.g., medical experts and non-experts) with health/medical Web pages with
different language complexity levels so to allow them to immediately find Web medical
contents that present a language suitable to their expertise. In another work [12], we
explore the other two user requirements, information quality and information classifica-
tion/customization, and provide a mapping model among those user requirements and
the schema.org elements.

As seen in Table 1, the papers dealingwith the language complexity user requirement
are [10, 13, 16, 17] and [18]. In particular, [10] presents a survey on user requirements
which shows that users want to know if the information they search for is explained in
the same way their doctor would but they do not present a solution for providing this
type of information as we do in this work. Similarly, [13] shows that users feel that
the language used must be easy to understand but there is no practical indication on
how to achieve it. The system presented in [16] contains a slider that allows to specify
the reading level but the system only works with a small amount of information (few
pages created by hand) whereas our system automatically works in real time with the
health/medical resources provided by schema.org (tens of thousands ofWeb pages) and,
in non-real time, with the whole Internet (through Google). [17] suggests that increased
understanding can be accomplished by facilitating precise information retrieval with
optimized, domain-specific search engineswithout providing any specific example. They
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Table 1. User requirements of health information seekers.

Paper Language
complexity

Info
quality

Info
classification/customization

Other

N. Pletneva, A. Vargas, C. Boyer.
2011. Requirements for the
general public health search
[10]

● ● ●

S. Banna, H. Hasan, P. Dawson.
2016. Understanding the
diversity of user requirements
for interactive online health
services [13]

● ●

T. Roberts. 2017. Searching the
Internet for Health
Information: Techniques for
Patients to Effectively Search
Both Public and Professional
Websites [14]

●

W. Pian, C.S.G. Khoo, J. Chi.
2017. Automatic classification
of users’ health information
need context: Logistic
regression analysis of
mouse-click and eye-tracker
data [15]

●

P. C.-I. Pang, K. Verspoor, J.
Pearce, S. Chang. 2015. Better
Health Explorer: Designing for
Health Information Seekers
[16]

● ● ●

A. Keselman, R. Logan, C.
Smith. 2008. Developing
informatics tools and
strategies for
consumer-centered health
communication [17]

● ● ●

S. C. Ardito. 2013. Seeking
Consumer Health Information
on the Internet [18]

● ●

also suggest automatic text translation to simpler text in order to enhance text readability.
In otherworks [19, 20], we have also tackled the problemof translatingmedical/technical
terms in lay terms so to facilitate their comprehension by non-medical experts. In the
work presented here, however, our system directly finds the easy-to-understand Web
pages available on the Web. Finally, [18] lists some consumer medical information
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reputable sites and suggests that patients should be taught to search PubMed, that is
a collection of scientific medical articles mainly devoted to medical researchers. Our
system, as already said, exploits the whole Internet and automatically provides either
more complex or simpler web content depending on the user requirements.

3 Structured Data in Health Science Domain on the Web

In the last few years the use of schema.org vocabularies, to include semantic information
in Web pages, has rapidly increased. The schema.org3 initiative has been promoted in
2014 by major players in the search engine market with the aim to create, maintain,
and reuse vocabularies for structured data on the Internet. In particular, schema.org
defines types (e.g., Product, Organization, People) and related properties (e.g. name,
title, description) that are interleaved within the HTML code and used to visualize
that information in specific parts of a Web page. At present, the vocabularies defined
by schmea.org are used in over ten million Web sites and search engines leverage the
structured data to provide users with more appropriate results. Along with the core
schema, that is used to describe a huge number of different types of entities from learning
resources [21, 22] or products and organizations, schema.org also defines extensionswith
the focus on specific sectors such as automotive, Internet of Thing (IoT) and health.

In our study, we are interested in exploiting structured data tomatch the requirements
identified inSect. 2with particular respect to the requirements related to the complexity of
the languageusedby theWebpages containinghealth related information.To this aim,we
refer to the health-lifesci extension4 of schema.org that contains 93 types, 175 properties
and 125 enumeration values related to the health/medical field. They can be used, among
others, to extract data related to the requirements of information quality, information
classification and language complexity. In particular, for the language complexity, the
MedicalAudience5 type plays a key role to identify searching mechanisms that provide
targeted information. This type describes the target audiences for medical Web pages
and it includes Patient6, Clinician7 andMedicalResearcher8 as more specific types. As
reported in schema.org, a patient is anyperson recipient of health care services.Clinicians
are medical clinicians, including practicing physicians and other medical professionals
involved in clinical practice. Medical researchers are professionals who make research
on the medical field.

In order to explore the use of the schema.org vocabulary to support health information
seeking on the Web, we have evaluated the adoption of the types and properties defined
in this vocabulary through the analysis of the schema.org information made available
by the Web Data Commons initiative. The Web Data Commons (WDC) [23] contains
all Microformat, Microdata and RDFa data extracted from the open repository of Web
crawl data named Common Crawl (CC). At the time of writing, the latest release of the

3 https://schema.org/.
4 https://health-lifesci.schema.org/.
5 http://schema.org/MedicalAudience.
6 http://schema.org/Patient.
7 http://schema.org/Clinician.
8 http://schema.org/MedicalResearcher.

https://schema.org/
https://health-lifesci.schema.org/
http://schema.org/MedicalAudience
http://schema.org/Patient
http://schema.org/Clinician
http://schema.org/MedicalResearcher
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WDC dataset is dated November 2018 and it is based on 2.5 billion crawled pages with
about 37% of them including structured data. We extended the work presented in [6] by
merging the dataset extracted byWDC in 2017 with the one of 2018. The dataset dumps
of the two years are made available by WDC as compressed files (8,433 files for 2017
and 7,263 for 2018). Each file is around 100 MB large and contains information in the
form of RDF quadruples. A quadruple is a sequences of RDF terms in the form {s, p,
o, u}, where s, p and o represent a triple consisting of subject, predicate, object and u
represents the URI of the document from which the triple has been extracted.

Figure 1 presents an example of RDF quads, for the Patient subtype, extracted from
WDC. It clearly shows the subject, predicate, object and URI of the quadruples. In
compliance with the Open Science model, we have made the RDF quads subsets, for
the Patient, Clinician and MedicalResearcher specific types, available at the address
http://h-easy.lero.ie/opendata/, in order to allow other researchers to use and lead further
research on these data.

Fig. 1. Example of RDF quads for the Patient subtype.

From the dataset dumps byWDC, we have filtered the quadruples that contain types
and properties related to the health domain. The resulting dataset that we have used in
our study consists of 103 billion RDF quadruples.

Figure 2 (a) and (b) respectively show the top ten types and properties of the dataset
we use for this study. Notice that, although, we have extracted types, properties and
enumeration values of health-lifesci.schema.org, some types, such as Action, are generic
and belong to the schema.org core vocabulary, but they assume a specific meaning in the
context ofhealth-lifesci. For example, theAction type is linked to the potential actions of a
specific group of drugs. The same applies to properties such asmanufacturer (presenting
the highest frequency) which is generic and belongs to the schema.org core vocabulary

http://h-easy.lero.ie/opendata/
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but, in the context of health-lifesci, it refers to the organization producing a specific
Drug. Finally, notice that Physician is not used as a synonym of doctor but indicates the
doctor office9.

(a)

(b)

0
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3500000
4000000
4500000
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5000000

10000000
15000000
20000000
25000000
30000000
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40000000

Fig. 2. Top ten types (a) and properties (b) of health-lifesci.schema.org.

We have also analyzed the distribution of the so called Pay Level Domains (PLDs)
in the dataset including 2017 and 2018 dumps. The complete results of this analysis are

9 https://schema.org/Physician.

https://schema.org/Physician
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available at the address http://h-easy.lero.ie/opendata/ while Table 2 shows the top ten
results. In this list, we also indicate whether each PLD is related to the health/medical
domain.

Table 2. PLDs with # of quads and health/medical indication.

#quads PLD Health/medical

10544968 lybrate.com Yes

7082432 patents.google.com No

3346339 vidal.fr Yes

2556287 vitals.com Yes

1567948 estdoc.jp Yes

1368641 restonhospital.com Yes

1309007 md.com Yes

1157954 carroya.com No

1065347 spreadshirt.com No

957936 doctoranytime.gr Yes

With regards to the medicalAudience property, we have computed the number of
quads for each audience types and the results are reported in Table 3.

Table 3. Number of RDF Quads extracted for each specific type.

Schema.org types RDF quads

Patient 62,251

Clinician 17,416

MedicalResearcher 3,770

These three types, related to MedicalAudience, facilitate the identification of pages
targeted to patients, clinicians and medical researchers. Table 4 shows an extract of five
quads from each subset (the audience appears in the third column).

Notice that, at this stage, we have found Web pages that have been targeted to the
different user types by their author, but we do not exactly know the reason behind
the choice of considering a page more suitable for a specific audience type. In fact,
the motivation could be related to the language complexity level (e.g., more or less
technical) or to the treated subject (e.g., pathology symptoms and remedies, for patients,
or technical aspects, for medical researchers), or to something else. In the next section,
we present a mapping between the language complexity levels and the different audience
types so to provide users with Web pages related to their specific requirements.

http://h-easy.lero.ie/opendata/
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Table 4. An extract of five RDF quads extracted from Patient (a), Clinican (b) and
MedicalResearcher (c) subsets.

Subject Predicate Object Uri

_:genid2d65f95a781e614808bccf

de1f41b001c32db0 

<http://schema.org/audien

ce>

http://schema.org/Patient <https://dentistinsurrey.ca/cosm

etic-dental-procedures-to-

enhance-your-smile/>

<https://medlineplus.gov/spanish/

ency/article/001054.htm> 

<http://schema.org/Medic

alWebPage/audience>

http://schema.org/Patient <https://medlineplus.gov/spanis

h/ency/article/00105.html> 

<https://medlineplus.gov/ency/arti

cle/001525.htm>

<http://schema.org/Medic

alWebPage/audience>

http://schema.org/Patient <https://medlineplus.gov/ency/a

rticle/001525.htm>

<https://medlineplus.gov/ency/pat

ientinstructions/000391.htm>

<http://schema.org/Medic

alWebPage/audience>

http://schema.org/Patient <https://medlineplus.gov/ency/p

atientinstructions/000391.htm>

_:node266bc63ad0aaf66daea4a87

983675233

<http://schema.org/Medic

alWebPage/audience>

https://health-lifesci. 

schema.org/Patient

<http://mis-varices-

info.es/es/conexiones>

(a)

Subject Predicate Object Uri

_:genid2dde430d3d6a664e879

6b9654a5fa312882db88

<http://schema.org/Medical

WebPage/audience>

http://schema.org/Clinician <https://fpnotebook.com/cv/Ex

am/PlsPrdxs.htm>

_:node3651c910a570c21033d

04278bfa589a8

<http://schema.org/Medical

WebPage/audience>

http://schema.org/Clinician <https://fpnotebook.com/cv/Ex

am/JPnt.htm>

_:nodebd34e3af7dbf1d2c29d5

20cd3372c32e

<http://schema.org/Medical

WebPage/audience>

http://schema.org/Clinician <https://fpnotebook.com> 

_:node76312b2a953eb616b45

ab7fe34f88c 

<http://schema.org/Medical

ScholarlyArticle/audience>

http://schema.org/Clinician <http://www.creteilophtalmo.f

r/en/2012/neovascularisation-

choroidienne-compliquant-

une-dmla-atrophique/>

_:node12c5ae94a53b3b39

196fac4bc1aaaa9

<http://schema.org/Medical

WebPage/audience>

http://schema.org/Clinician <http://www.choosingwisely.o

rg.au/recommendations/gesa>

(b) 

(continued)
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Table 4. (continued)

Subject Predicate Object Uri

_:node4edd6b853592234609

e785dd74bfa28 

<http://schema.org/MedicalW

ebPage/audience>

http://schema.org/http://sche

ma.org/MedicalResearcher

<https://www.malacards.org/>

_:nodea78f8069a42267ba12

6819c0543d237 

<http://schema.org/MedicalW

ebPage/audience>

http://schema.org/http://sche

ma.org/MedicalResearcher

<https://www.malacards.org/c

ard/chronic_leukemia>

_:nodeb246e0cf395edb3ff35

64dbf73d916

<http://schema.org/MedicalW

ebPage/audience>

http://schema.org/http://sche

ma.org/MedicalResearcher

<https://www.malacards.org/se

arch/results/atorvastatin>

_:genid2d8ba0b032efee4268

945f68fa2bd1f2442db0 

<http://schema.org/audience> http://schema.org/http://sche

ma.org/MedicalResearcher

<https://www.nanostring.com/

products/gene-expression-

panels/gene-expression-panels-

overview> 

_:node57b22f2149e6112a71

febf24e34f9d67 

<http://schema.org/MedicalW

ebPage/audience>

http://schema.org/http://sche

ma.org/MedicalResearcher

https://www.malacards.org/car

d/inflammatory_breast_carcino

ma

(c)

4 Mapping Language Complexity User Requirements to Audience
Types

As seen above, users have different requirements when searching for health information
on the Web. In particular, one of the most important requirement for non-expert health
information seekers is that the language used in the Web pages must be easy to under-
stand. On the opposite, medical experts require that the info they are looking for presents
a proper technical and rigorous terminology. We then consider two classes of users:

• Non experts (e.g., patients or citizens);
• Experts (e.g., physicians or medical researchers).

We have taken the three subsets presented in the previous section, related to Patient,
Clinician, and MedicalResearcher audience types, and, for each quadruple, we have
analysed the related Web page in order to estimate its language complexity. To this end,
we have evaluated the ‘term familiarity index’, as described in [6, 24, 25] of the English
and non-empty Web pages (around 50% of the total). In particular, for each Web page,
we have computed the term familiarity of each word by using the number of results
provided by the Google search engine and we have then computed the page familiarity
index by averaging all the term familiarity indexes. This information has been stored in
a database to avoid work duplication.

In particular, for eachWeb page, we have computed and stored the number of unique
words, the related page familiarity, the total number of words and the related page
familiarity. The results of the performed experiments, for the three audience types, are
available at the address http://www.math.unipa.it/simplehealth/simple2/ResSchema.php
and the first six results of each audience type are shown in Fig. 3.

Next, we have computed some statistics related the term familiarity indexes of the
Web pages for the different target audiences and we have obtained the results reported in

http://www.math.unipa.it/simplehealth/simple2/ResSchema.php
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Fig. 3. First six test results for Patient (a), Clinican (b), and MedicalResearcher (c) audience
types.
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Fig. 4. It shows, for each specific type, the box plot of the average of the term familiarity
indexes computed for all words (page familiarity). A box plot is a standardized way
of displaying the distribution of data based on a five-number summary (“minimum”,
first quartile (Q1), median, third quartile (Q3), and “maximum”). Overall, the median
and the first-third quartile interval of Patient is much higher of those of Clinician and
MedicalResearcher that partially overlap. The outliers above the maximummainly refer
to pages that contain informative/commercial data for the different types of users and then
use a simple language. The outliers below the “minimum” mainly refer to pages, such
as those of the www.malacards.org domain, which indicate all three classes, as target
audiences, but have a low term familiarity index clearly indicating that they should be
targeted only to medical experts for what concerns the language complexity.

The experimental results show that the Web pages targeted to Patient, present, on
average, a much higher term familiarity index and thus a simpler terminology whereas
theWeb pages targeted toClinician andMedicalResearcher present, on average, a lower
term familiarity index and thus amore complex terminology, even thoughClinicianpages
are a little closer toPatient pages.As a consequence,Patient pages, falling in the intervals
shown in Fig. 4, can be used for the Non-expert class and Clinician/MedicalResearcher
pages, falling in the intervals shown inFig. 4, can be used for theExpert classes producing
then the following mapping:

• Non-experts - > Patient
• Experts - > Clinician and MedicalResearcher

Fig. 4. Box plot of the average of term familiarity indexes for all words (computed in [6]).

http://www.malacards.org
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This allows us to provide different types of users with health Web pages targeted to
their specific language complexity requirements. Notice that the presence of structured
data inside a Web page can also be seen, somehow, as a basic guarantee of information
quality even though an evaluation of the quality level of a Web page content requires a
specific analysis that is outside the scope of this work.

5 FACILE Architecture and Implementation

Once created the mapping model, as shown in the previous Section, we have built a
meta search engine, FACILE, that provides the different audience types with the proper
Web contents in terms of language complexity. The meta search engine can be accessed
at the address http://www.math.unipa.it/simplehealth/facile and Fig. 5 reports the input
interface of the engine. Notice that it provides the user with two search possibilities:

• A Search on Semantic Web (schema.org) that allows a real-time search by using
the health-lifesci.schema.org URLs analysed in the previous sections and allows to
specify the audience type, i.e., non-expert (Patient) or expert (Clinician or Medical
Researcher);

• A Search on Google that uses the Google search engine in order to explore the whole
Internet and find the Web pages related to the searched keyword(s) and recomputes
the page ranking on the basis of the term familiarity of each Web page. Since this
computation takes some time, the search, in this case, is not in real time in the sense
that it is not providing the user with an answer in a time comparable to that of a generic
search engine. Notice that the interface allows to specify the number of Google results
(maximum fifty, higher than the twenty-thirty results usually analysed by a user [26]).

Fig. 5. Input interface of FACILE search engine.

http://www.math.unipa.it/simplehealth/facile
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Figure 6 presents the Facile architecture. From top to bottom, we have the following:

• The Client allows to search for the medical keyword(s).
• The Search Engine behaves slightly differently depending of the two types of search:

– In the case of Search on semantic Web (schema.org), it looks for the
lifesci.schema.orgURLs related to the keyword(s) into the FACILEDB and selects
the ones related to the chosen medical audience, i.e., Patient, Clinician or Medi-
calResearcher. Moreover, it provides a list of URLs sorted in terms of keyword(s)
occurrences and term familiarity (see Sect. 5.1);

– In the case of Search on Google, it first uses Google to find a number of URLs
(max 50) related to the keyword. It then uses theWeb page retriever and Feature
extractor and loads the results into the FACILE DB (this operation requires some
time). Finally, it provides a list of URLs sorted in terms of term familiarity (see
Sect. 5.2).

• The FACILE DB, contains the the information related to the URLs. In the case of the
Searchon semanticWeb (schema.org), eachURL is associated to the pagewords and
number of occurrences, the associated medical audience and the page familiarity. In
the case of the Search onGoogle, each URL is only associated to the page familiarity.

• The Web Page Retriever retrieves Web pages from the Web and the Feature
extractor extracts/computes page features such number of words, term familiarity,
etc.

• The Health-life.sci.schema.org Quads contains the quadruples related to Patient,
Clinician, and MedicalResearcher health-lifesci.schema.org elements.

5.1 Use of FACILE with Health-lifesci.chema.org Structured Data

This option, as seen above, gives the user the possibility to input one or more key-
words and to indicate the audience, i.e., Non-expert or Expert. The system looks for the
lifesci.schema.org URLs related to the keyword(s) into the FACILE DB and selects the
ones related to the chosen audience. It then provides a list of URLs sorted by using the
following ranking formulas:

– Non-Expert (Patient)

R = α ∗ (Term_Occurrences/Max_Occurrences) + (1−α)

∗(Page_Familiarity_Index)/Max_Familiarity_Index)
(1)

– Expert (Clinician and MedicalResearcher)

R = α ∗ (Term_Occurrences/Max_Occurrences) − (1−α)∗
(Page_Familiarity_Index)/Max_Familiarity_Index)

(2)
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Fig. 6. FACILE architecture.

Where:

• Term_Occurrences is the number of occurrences of the keyword(s) in the page;
• Max_Occurrences is the maximum number of occurrences of the keyword(s) in all
found Web pages;

• Page_Famililarity_Index is the page familiarity, i.e., the mean of the term familiarity
indexes of the Web page;

• Max_Famililarity_Index is the maximum page familiarity of all found Web pages.
• α allows us to differently weighs the number of occurrences and page familiarity.

Notice the non-expert formula is a sumbecausewewantmeaningful pages (with high
number of occurrences of the searched item) but with the simplest language, whereas
the expert formula is a difference because we want meaningful pages (with high number
of occurrences of the searched item) but with the most complex/technical language.

We have made some preliminary experiments with the weight and found out that a
value of α = 0.3 provided us with the best results in terms of correspondence between the
intended audience and the provided Web pages. For example, Fig. 7 reports the top ten
results of FACILE for the ‘diabetes’ keyword for the Non-Expert (Patient) and Expert
(Clinician and MedicalReseracher). For each URL, the number of occurrences of the
keyword (diabetes in this case), the page familiarity and the R result of the ranking
formula are shown.
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By examining Fig. 7 we can easily see that the top links of Patient present a high
term familiarity index and belong to medlineplus.gov which is notoriously a Web portal
for non-experts. The top links of Clinician present a medium-low term familiarity index
and belong to the fpnotebook.comWeb portal - which acts as a medical dictionary - and
presents a technical language even though understandable by users with some medical
skills or to malacards.org Web portal that is a human disease database and presents a
very technical and complex language. The top links ofMedicalResearcher present a low
term familiarity index and belong to malacards.org Web portal that, as said, presents a
very technical and complex language. Notice that some malacards.org pages contain all
the three audience types and may appear in more than one ranking (as in the case of the
Clinician and MedicalResearcher web pages) because often present a high number of
occurrences of the searched item. Of course, the ranking mechanism presented here is
just a first proposal and needs to be refined and enriched to transform FACILE in a proper
user-oriented search engine. To this end, each result page contains a link to a “detailed
page” that presents, among others, the possibility for the user to choose different values
of α and thus to experiments with the different ranking possibilities.

5.2 Use of FACILE with Google

The use of structured data related to the intended audience, in combination with the term
familiarity of a Web page, provides a method for ranking Web pages in terms of the
complexity level of the text. Generalising this approach, the term familiarity analysis
can be used for rankingWeb pages even when they do not contain any specific structured
data about their audience. The Search on Google section of the FACILE meta search
engine follows this approach by re-ranking the results, obtained through the generic
Google search engine, in terms of page familiarity.

An example of this approach is shown in Fig. 8. The results for the “Antibiotics”
search keyword in Google, are ranked according to the page familiarity, as provided by
FACILE. The table reports each URL with the Google rank and the page familiarity.
URLs are ranked by taking into account the page familiarity value of the corresponding
Web page, from the highest to the lowest.

The results present a background colour that gives an indication of the intended
audience. In particular, the green colour is used to highlight URLs that have a value
of page familiarity above 6 that, as seen in Fig. 4, somehow indicates pages suitable
to Non-Expert audience. The yellow color is used to indicate URLs that have a value
of page familiarity between 5 and 6 and is related to an interval that lies between the
Expert or Non-Expert “zone”. The red color is used to indicate URLs that have a value of
page familiarity below 5, indicating Web pages more suitable, in principle, to an Expert
audience.

In our example, the top result is awebpage that explains, in lay terms,what antibiotics
are and how theywork. The other top results of the list refer to nhs.uk andmedicalnewsto-
day.com domains and also represent Web pages with information for non-expert users.
On the opposite, theWeb pages appearing at the bottom of the list are related to concepts
such as Tetracycline and the Timeline of antibiotics that use a language more suitable for
experts. It is interesting to note how ranking the results according to the term familiarity
notably changes the order of the resulting URLs.
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Fig. 7. Diabetes outputs for Patient (a), Clinician (b), and MedicalResearcher (c).
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Fig. 8. Re-ranking Google search for the keyword “Antibiotics”.

6 Conclusions

The World Wide Web has more and more become the privileged source for an increas-
ingly number of people looking for health information. The typologies of available
information are able to satisfy the needs of different types of users, with different levels
of expertise. The wide range of information, from practical suggestions to scholarly
papers, matches the requirements of both experts and not experts when it comes to using
theWeb for health information seeking. However, generic and specialized search engines
are not able to immediately and easily provide information to different audience types
while, at the same time, exploiting all the health/medical information contained in the
Web.

In this work, we have identified the main requirements related to health information
seekers on the Web and have proposed an approach to classify Web pages in the health
domain that satisfies the language complexity requirement. The proposed approach is
based on structured data on theWeb. In particular, the schema.org vocabulary and, more
specifically, the types and properties of its health-lifesci extension have been used to
classify health Web pages according to the different audience types.

The use of structured data in combination with the evaluation of the term familiarity
index has led to a mapping between the language complexity user requirement and the
different audience types. Preliminary experiments have been conducted to validate this
approach and creating a mapping model. The results of those experiments have guided
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the design of a meta search engine that allows different users to find Web pages related
to their language complexity requirements.

The performed texts and experiments have provided us with satisfying results but a
more comprehensive set of tests needs to be undertaken for a evaluating more effectively
the correlation between language complexity levels and the different audience types,
thus, better identifying the thresholds for what concerns the term familiarity index of
a Web page that led to classify the Web page as suitable for experts or non-experts.
Moreover, the ranking mechanism of the meta search engine presented here should be
refined in order to weight the term familiarity index in combination with the number of
the keyword(s) occurrences and other parameters related to further user requirements.
The time for re-ranking the Google results also needs to be optimized so to to provide
users with results in real or near-real time.

Finally, other user requirements, such as the quality of information and the infor-
mation classification/customization, have to be taken into account and other types and
properties of the schema.org vocabulary have to be included in the proposed method in
order to provide users with on-line resources that satisfy the different user requirements
and allow them to easily acquire, comprehend and learn health/medical information by
exploiting the Web [26–28].
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Abstract. Using information and communication technology (ICT)
becomes increasingly important for older adults, yet designers often fail
to develop usable software for this group, creating a strong incentive to
include older adults in a participatory development process. This paper
describes how older adults have been included throughout the develop-
ment process of a storytelling input component for the Historytelling
(HT) project, to attain the best possible usability for older adults. HT
provides a digital interactive platform for older adults to share life sto-
ries across generations, potentially improving their health and well-being
and follows the HCD+ (Human Centered Design for Aging) approach. 19
older adults (M = 68 years old) participated in three studies to analyze,
evaluate and design a storytelling voice assistance including a conver-
sational agent. They contributed substantially to the development of
the HT project by their involvement in the design process with meth-
ods adjusted to comprise characteristics of older adults, addressing three
central research questions regarding the type of voice input suitable for
older adults, the minimal requirements for a conversational agent and
the design of a suitable dialogue system.

Keywords: Human-centered design for aging · Participatory design ·
Voice user interface

1 Introduction

With the demographic change, the percentage of older adults steadily increases,
while new information and communication technology (ICT) emerges at an ever
faster pace. To attain the best possible usability for older adults, it has become
imperative to include them in the development process and value them as possi-
ble co-designers [32], for who would know better about their needs and desires?

The Historytelling project (HT) is a research project building on the
strengths of older adults, providing a tool to tell their life stories on a digi-
tal platform and to share them with other people. HT seeks to have a positive
influence on three levels: (1) On the societal level, HT fosters multi-perspective
historiography, (2) on the group level it strengthens family bonds and friend-
ships, and (3) on the individual level it provides a place to actively reminisce
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and reach out to others. The HT-project addresses these levels with a digital
social platform specifically designed for and with older adults, giving them the
power to record, visualize and share their life stories.

One key aspect of HT is the actual storytelling, for which speech seems
to be the most natural channel, since stories are mostly passed on in face to
face conversations, which have potentially positive effects on the listeners [2,15,
43]. Transferring this conversational element to technology in the best manner
possible is a particular challenge for the HT project.

Alongside the development of a voice component for HT, three research ques-
tions were explored: (Q1) Which type of voice input is suitable for older adults?
(Q2) What are minimal requirements for a conversational agent for older adults
in the context of Historytelling? (Q3) How could the conversational agent dia-
logue be designed?1 To answer these research questions and develop the actual
HT with voice input, we followed the HCD+ (Human Centered Design for Aging)
approach, focusing on participatory design and consideration of user character-
istics [32], and including older adults throughout the development process.

1.1 Voice Communication Technology

Schafer [30] as well as Cohen and Oviatt [5] specify advantages of voice input: it
is the natural way to communicate; it is usable even if the hands or eyes are busy;
it is accessible for handicapped people; sometimes natural language interaction
is preferred and “pronunciation is the subject matter of computer use” [5].

Schafer [30] also lists four challenges regarding voice communication technol-
ogy: (1) hardware/software implementation of the system, (2) synthesis for voice
output, (3) speech recognition and understanding voice input, and (4) usability
factors related to how humans interact with machines.

Digital voice assistants such as Amazon Echo, Google Home and Apple Siri
have recently been developed and marketed to increase the overall usage of
voice input systems. Insofar, the longstanding problem of speech recognition
and understanding of voice input has been solved for the consumer market, at
least in a narrow context [13,14,20] and new developments of neural networks
keep improving voice recognition [1].

Technologically, there are three options to handle voice input: audio record-
ing, speech-to-text processing and automatic transcription. Audio recording is
possible using various ICT, such as laptops, tablets and smartphones. Speech-
to-text processing converts spoken words instantaneously into text, whereas the
automatic transcription converts the recorded audio to text afterwards and is
often used for automatic interview transcription.

1 The first two questions have already been addressed in the conference proceeding
[41], on which this chapter is largely based. Q3 has been a later addition to the
project and reflects our ongoing HT research and development.
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1.2 Embodied Conversational Agents

With HTs focus on reminiscing and passing on life stories, users’ emotional reac-
tions should be expected and accommodated in the user interface (UI) design.
For example, avatars could respond to emotional stories with facial expressions
and gestures [35]. Sutcliffe [35] proposes a taxonomy based on 22 emotions, split
into reactions to events, agents (other people) and objects to design suitable
reactions of systems using the OCC (Ortny, Clore, Collins) model.

Embodied conversational agents (ECA) could integrate these emotions via
faces, gaining recent research attention [36]. ECAs are virtual characters having
the same properties as humans in face-to-face communication and they have
been integrated successfully into projects with older adults [4]. Older adults
followed ECAs instructions better than those provided by classic user interfaces
and they had a subjectively positive influence in recall tasks [27,37]. Isbister &
Doyle [16] developed a taxonomy relevant for the development of an ECA. It
consists of five categories to classify and evaluate ECAs: (1) Believability, (2)
Social interface, (3) Application domains, (4) Agency and computational issues
and (5) Production.

1.3 Cooperative Conversation Principle

Cooperation and dialogue principles play a central role in the design of an embod-
ied conversational agent [9,39], and communication theory can be very useful in
the development of computer systems in general, as a symbiosis of these fields
can help to enrich and clarify concepts of both [7,25]. Communication research
established maxims of communication to describe challenges and general goals
in the multiplicity of communication. Especially well-known and useful are the
communication maxims of Grice [12], stating that conversations are to some

Table 1. Grice’s maxims of the cooperative principle pursuing effective communication.

Maxim Examples

Quality – supermaxim: “Try to make your contribution one that is true.”

– Do not say what you believe is false

– Do not say that for which you lack adequate evidence

Quantity – Make your contribution as informative as is required

– Do not make your contribution more informative than is required

Relation – “Be relevant”

Manner – supermaxim: “Be perspicuous.”

– Avoid obscurity of expression

– Avoid ambiguity

– Be brief

– Be orderly
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extent purpose-oriented, are based on cooperative efforts and consist of discon-
nected remarks where each participants recognizes a “mutually accepted direc-
tion”. They are divided into four maxims shown in Table 1: (1) quantity, (2)
quality, (3) relation and (4) manner. These maxims can guide the behavior of
conversation partners and contribute to a purposeful conversation.

1.4 Participatory Design Process

Participatory design is often seen as a third space of human computer interac-
tion, combining different stakeholders’ (e.g. user and developer) knowledge to
attain new insights and perform new actions [23]. Participatory design involves
prospective users in a discussion about functionality, features or look-and-feel
of a future product to support fundamental design decisions. It is particularly
useful if the developers are not specialists in the observed field. Involving older
adults in participatory design creates special demands on the methods. Some
conventional design methods may even be inappropriate for them [10].

For HT-development, the HCD+ approach [32] was used, emphasizing the
importance of involving users in every critical design step. HCD+ also provides
guidelines regarding the recruitment of participants, the atmosphere when work-
ing with older adults and required adaptations concerning the concrete execution
of methods.

Orso et al. [26] found in a literature review, that especially the following
methods are used when older adults are involved in designing interactive tech-
nology: (1) visual prompts (graphical representation of an abstract concept), (2)
experiencing (giving a direct first-person perspective, i.e. with video sketches),
(3) hands on (evoking the reaction and opinion on a tool by providing a physical
object instead of a conceptual prototype) and (4) natural tasks (performing a
task that is similar to the final context of use).

This paper describes the process of developing a storytelling input compo-
nent. Thus, older adults tested and evaluated current technological approaches
in the analysis phase. An experimental game was conducted to develop specific
design elements in the design and conception phase, a conversational agent’s dia-
logue sequence was developed and finally, a task-based evaluation of the devel-
oped interface was conducted.

2 Voice Input Analysis

2.1 Method

State-of-the-art software was reviewed to answer the first research question
(“Which type of voice input is suitable for older adults?”), focusing on the three
different input technologies. In the initial study, a task-based evaluation was
conducted due to the potential lack of computer literacy among older adults
[6,31]. Particularly in the beginning [44], interviews are an important method in
the HCD process.
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Eight older adults, four men and four women, aged between 60 and 73
(M = 67.5, SD = 3.7) participated in the evaluation. They were recruited through
personal contacts, mailing lists and notice boards. Seven interviews took place
at the university, and one at home due to physical handicap.

The evaluation comprised three parts: (1) In the introduction, participants
introduced themselves and were asked about key aspects of their life and tech-
nology usage. (2) In the practical work phase, participants solved tasks using
three different input approaches. “Google docs” was used to demonstrate the
speech-to-text capabilities and the software “Speak a Message” was used for
audio recording and transcription. Qualitative post-interviews were conducted
after every task. (3) As a follow-up, participants were asked for their favorite
input approach and filled in a questionnaire testing their computer literacy [31]
and affinity for technology [11].

2.2 Results

All participants stated that an assistance system and better feedback by the
software would be appreciated. Since feedback preferences varied, visual and
auditory assistance should be combined. In particular, participants knew little
about current audio transcription methods and technical capabilities and were
positively surprised about the initial quality of the automatic transcription.

Participants’ computer literacy and affinity towards technology varied
greatly. While some participants were confident using the presented software,
others needed more time to adjust to the tasks. Faster participants showed a
higher computer literacy and affinity towards technology and stated that they
tend to find solutions on their own when problems occur.

All (N = 8) participants had either a laptop (6) or a computer (3) at home
and used either a smartphone (5) or a cell phone (3). They used computers for an
average of 19 hours (SD = 7) per week, mainly for word processing, emailing and
targeted information search. They scored an average of M = 20.4 (SD = 4.17) on
the computer literacy scale (CLS, max = 26), which is low compared to a younger
group (M = 23.9), but high compared to other older adults (M = 14.4, [31]). Also,
they scored an average of M = 2.8 on the affinity for technology interaction scale
(ATI, SD = 0.9, scale ranging from 1 to 6).

Participants. Participants stated that their technical difficulties were situa-
tional and rather hard to describe. When problems occurred, they would mainly
turn to friends or family or seek professional help. Three participants stated they
would first try to find the solution on their own, yet they also desired assistance
provided by the device itself. Alternatively, integrated tutorials as videos would
be appreciated, an approach that has been described by Sengpiel & Wandke [33]
among others. The practical part of the study was conducted with 7 of the 8
participants.
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Speech-to-Text. Five of the seven participants had never used speech-to-text
input, and even the two participants who had used this technology before were
surprised by the accuracy of the results. Three participants declared that the
conversion from speech to text was too slow, impairing oral fluency. Also, some
problems with speech were ambiguous and in some cases problems were not
noticed by the participants at all. The software was not “user friendly”, since
finding functionality was difficult and it was not clear when the recording had
started.

Speech-to-Audio. Six of the seven participants had used a dictation device
to record audio before. Most notably, they liked the simplicity of dictation, the
option to replay and edit recordings later, and the authentically captured audio
atmosphere.

Transcription. No participant had used audio transcription before, but five
out of seven participants liked the option to have both, audio and text. The
unobtrusiveness of the method was particularly well received, for it allowed to
maintain oral fluency. Even so, the quality of the initial transcription was crucial
for further adoption.

Preferred Input Method. Participants’ method preferences were largely
influenced by overall quality and usability aspects, while intended audience and
purpose were key drivers as well. If the goal was to quickly write a short story,
participants chose the speech-to-text input. The transcription technology was
preferred for longer, more meaningful stories. Table 2 shows the frequencies of
acceptance with participants indicating acceptance for one or more methods.
Since older adults preferred the transcription technology, it will be used for fur-
ther development.

Table 2. Frequencies of indicated acceptance for one or more input methods (N= 8).

Technology Frequency of acceptance

Transcription 6

Audio recording 2

Speech-to-text 4

3 Age-Appropriate Design

3.1 Method

To address the second research question (“What are minimal requirements for
a conversational agent for older adults in the context of Historytelling?”), a
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A
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C

DD

Fig. 1. Photograph and sketch of the simulation game’s setup; A= Storyteller,
B = Assistant, C = Observer, D = Examiner.

workshop with three different groups was conducted. Since participants were
expected to have lower computer literacy, technology was partly replaced by a
real-life example (see also [21,32]).

There are a variety of methods using real life examples as prototypes for
technology development, among them “invisible technology videos” [21], (Cul-
tural) Probes [3], and Forum Theater [29]. We used a simulation game often
used in educational context, more specifically a modified simulation game used
by Reich [18]. He states that the ideal simulation game consists of seven phases:
(1) introduction, (2) information and reading, (3) opinion-forming and strategy
planning, (4) interaction within the groups, (5) preparation of a plenum, (6)
conducting a plenum, (7) game evaluation. To save time in the workshop, the
phases two and three were removed and conducted by the researchers beforehand,
while phase seven was conducted by the researchers after the workshop. Nine
older women (M = 68) were recruited as participants through the “Deutscher
Frauenring e.V.”, a leading women’s organization in Germany. They took part in
three rounds within a larger full day workshop with multiple parts on the Uni-
versity campus. A desktop microphone and the software “Speak a Message”
running on a laptop with external screen and mouse was used to record their
interactions.

The simulation game lasted 15 min per round and was followed by seven
minutes for discussion. Then, participants were interviewed according to their
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respective roles: (A) Storyteller: “Please read aloud this shortened version of
“Mother Hulda”. The assistant will help you with the recording.” (B) Assis-
tant:“Please simulate a voice assistant. Remain within your role and react to
anything you notice.” (C) Observer: “Please observe the interaction between the
assistant and the storyteller and fill in this observation sheet.” The storyteller
and the assistant were positioned to have no direct eye contact, while the observer
was asked to sit seeing both, assistant and storyteller, as shown in Fig. 1.

3.2 Results

The simulation game revealed that participants were good at taking perspective,
eager to provide meaningful information and help with their expertise and had no
problems solving the tasks given. In the follow-ups there were lively discussions
about possible improvements, which will inform requirements for the assistance
system.

Participants. All nine older adults aged between 57 and 77 (M = 68.3,
SD = 5,1) were women. They all owned a smartphone and seven used it fre-
quently. Also, eight of them used their computer or laptop frequently, mostly
for communication and targeted information search. As expected for their age
group, they scored relatively low on the computer literacy scale (CLS: M = 16,
SD = 3.67) but (unexpectedly) high on the affinity for technology scale (ATI:
M = 3.8, SD = 0.8).

Simulation Game. Simulation game results are quite diverse between groups,
showing very different behavior. For example, group 2 had a fluent dialogue,
while the other groups had rather functional dialogues, e.g.:
Group 2: Assistant: “I am the voice assistant. My name is...” Storyteller: “I
am the storyteller. My name is... and I will start right away.”
Groups 1 & 3: Assistant: “I am the voice assistant. My name is... Have you
turned on your microphone?” Storyteller: “Yes, should I press the record but-
ton?” Assistant: “Yes”

Group 1 did not establish a fluent dialogue, yet in the interview the storyteller
said she would have liked a more fluent dialogue and better feedback from the
assistant, especially regarding recording quality.

Group 2 established a fluent dialogue from the start and immediately reacted
to the assistant’s remark to speak louder. However, in the interview the story-
teller considered this interruption unpleasant and said she would prefer visual
help and remarks, for any interruption in the flow of storytelling should be
avoided.

Group 3 started with a longer dialogue, but the storyteller had forgotten to
record it. The assistant said in the interview that she had noticed it, but did not
want to interrupt the storyteller, conceding afterwards that it would have been
better to do so. They also appreciated the dialogue in the beginning and wished
it could have been continued in the study as well as with the technical system
to be developed.
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Resulting Interface Requirements. Based on the simulation game, some
requirements were developed for the assistance system: It should answer user
questions with a fluent verbal dialogue, being able to assess events’ relevance
and adapt kind and timing of communication to avoid unnecessary interrup-
tions. In essence, the participants hoped for an assistance system behaving like
a polite competent human, perhaps pushing the boundaries of today’s technol-
ogy. Especially the recording flow should be supported from start to finish. There
are further requirements for voice input communication in the literature, some
of which were pointed out in Sect. 1.1.

3.3 Resulting Interface

The resulting high-fidelity prototype is based on an interface published in a 2019
paper [40] to ensure consistency within the HT project. Since the prototype could
not display dynamic content, interface elements had to remain static. Thus, some
interactions such as providing feedback in recording sessions were triggered by
the experimenter as Wizard of Oz. There were four kinds of feedback:

– Visualization based on a VU (volume units) meter (a standard display for
the signal level in audio equipment, see Fig. 2 top left).

– Warning messages (see Fig. 2 bottom).
– An earcon (ear + icon [34], which are “abstract, synthetic and mostly musical

tones or sound patterns that can be used in structured combination” [8]).
– A voice assistant in form of an ECA as described in Sect. 1.2 (see Fig. 2 top

right).

Fig. 2. Interface elements of the prototype developed. top left: VU meter used for audio
visualization, top right: Voice assistant Lisa speaking, bottom: warning message.

Assistance is provided in three standardized, consecutive steps. First, a prob-
lem in audio quality is visualized through the VU meter. If the user does not
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perceive the problem and thus cannot deal with it, an earcon was played and
an additional warning message displayed, announcing that the recording will
be stopped. For the last step, the assistance varied. First there was no addi-
tional warning. In a second implementation, an avatar gave information about
the problem.

4 Dialogue Design

4.1 Method

To address the third research question on how a conversational agent’s dialogue
could be designed, a Hierarchical Task Analysis (HTA) regarding the story cre-
ation process of the Historytelling project was conducted. The (spoken) dia-
logue integrates all Historytelling components, assisting users in every step of
the (hi)storytelling process. HTA helps to visualize the various tasks and to
derive individual dialogue steps (see Fig. 3). From the HTA, three main aspects
emerged: (1) The user should be greeted by name. If the name is unknown, it
should be asked for to improve personalization of the assistant. (2) The assistant
should ask if the user wants to write or read a story. (3) If the user wants to
write a new story, the assistant should guide the user through the story creation
process described on the bottom of Fig. 3.

Additional challenges for the agent include older adults’ difficulties to remem-
ber details of their life stories while telling them. Naturally, the stories could
also trigger various (intense) emotions, necessitating adequate reactions from
the agent. These challenges have to be taken into account when developing the
dialogue system, which should also be evaluated based on the cooperative con-
versation principle.

4.2 Results

Based on the HTA, a dialogue sequence was developed bearing Paul Grice’s prin-
ciples of conversation [12] in mind, aiming to support older adults telling their
life stories. It consists of 29 items in multiple branches, creating the impression
of a conversation in natural language. First, a non-embodied chatbot was devel-
oped, that will later be enhanced to an embodied virtual agent. Items of the
dialogue sequence can be categorized as shown in Table 3.

First Implementation. The first prototype of the dialogue system was imple-
mented based on web technologies. Its basic system model is shown in Fig. 4.
Mozilla Web Speech API [22] was used for automatic speech recognition and
speech synthesis via text-to-speech. Natural language understanding and gener-
ation were implemented using RiveScript [28], a scripting language developed for
chatbots. First tests with the user group showed that response times were often
too high and the designed dialogue sequence has to be improved iteratively.
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Fig. 3. Hierarchical Task Analysis (HTA) for a conversational agent’s dialogue.

Table 3. Categorized items of the conversational agent’s dialogue sequence.

Purpose Explanation Example

Greet the user The user is greeted to show that a
dialogue can be started. The
assistant introduces himself and may
ask for the user’s name

“Welcome, I am your personal
assistant. What is your name?”

Ask for
purpose of
visit

If the user wants to read stories,
stories will be suggested. Otherwise,
the storytelling process begins

“It is nice having you here! Would
you like to tell a story?”; “Great!
What do you want to talk about?”

Support
remembering

The assistant may help with
remembering parts of a story or
helps with starting to narrate

“That is no problem. Then just let
us think together”

Support the
story creation

The assistant supports the process of
describing the story

“Very good! You can add the
location by clicking on the marker
symbol. Just search for the location
and click on linking.”

Help to enrich
the content

The assistant may encourage the
user, to write a meaningful and vivid
story

“I am very happy about that and I
am sure that your listeners will like
it as well”

Fig. 4. Basic system model of the dialogue system; based on [17].
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5 Evaluation

To assess usability and user experience of the interface, a Wizard of Oz evalua-
tion was conducted, where participants had to record a story with the provided
interface and assistance as described in Sect. 3.3. Two questions were essential
for this evaluation: (1) Has the assistance been perceived? (2) Which assistance
was preferred?

Eight older adults aged between 61 and 70 years (M = 66, SD = 3) took part
in the evaluation, five of them were male and three female, and six had already
participated in the first study. They were recruited through personal contacts,
mailing lists and notice boards.

All evaluations took place at the university. A Christmas flower and a candle
were placed around the participants and cake, water and hot drinks were served
[24] to create a comfortable atmosphere.

Figure 5 shows part of the room in which the evaluation was conducted.
Behind the participant (A), the wizard (B) and the recorder (C) were present
in the room. First, participants received questionnaires regarding demographic
information, affinity for technology [11] and computer literacy [31]. Then, the
participants used the voice input interface with randomized order of assistance
interface. Before each run, the microphone was secretly placed too far from
the participants, causing a problem with audio quality, to justify the system
warning and trigger a response from the participants. Before the run of the
classic interface, the microphone cable was unplugged as well. After the recorded
interaction with the user interface, participants filled out the User Experience
Questionnaire (UEQ [19]). The second interface was tested accordingly. Lastly,
adjustment options and preferred interfaces were discussed in an interview.

5.1 Results

Overall, the Wizard of Oz prototype proved useful to test functionality that
would have been difficult to implement, such as the transcription or the avatar.
The simple prototype allowed for participants’ immersion in the storytelling
process, although wizard response time was sometimes too high to satisfy par-
ticipants.

Participants. The eight older participants aged 61 to 70 years (M = 66, SD = 3,
five women and three men), mainly used computers, tablets and smart phones,
mostly for text editing, email, internet searching and surfing. Considering their
age, they had relatively high computer literacy (CLS: M = 21.8, SD = 4.1) and
high affinity for technology (ATI: M = 3.1, SD = 1.1).

Awareness of Provided Feedback. All participants perceived the informa-
tion provided by the voice assistant about occurring problems, but they did not
engage in conversation. They used the provided VU meter for regular monitor-
ing, yet the earcon was often ignored or not perceived at first, especially by those
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Fig. 5. Photograph and sketch of the evaluation setup; based on [41].

immersed in storytelling. Only three of eight participants perceived the earcon
from the start, three more perceived it the second time. It seems that earcons
need to be learnt before use [8]. A combined approach considering the impor-
tance of the intervention might work best in this scenario. Giving the storyteller
information how to improve the quality of the audio signal, while maintaining
oral fluency of the storytelling process, seems to be very challenging.

Preferred Assistance. The User Experience Questionnaire (UEQ) revealed
a strong preference for voice assistance, but only if feedback was triggered on
time. If it was delayed, then discomfort, confusion, and frustration occurred,
and participants rated the User Experience much lower in all UEQ categories.
However, delays had much smaller impact on the UEQ score when the inter-
face was used without voice assistant. Figure 6 shows this interaction effect for
voice assistant x delay based on UEQ mean scores across the scales found in
Table 4.
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Fig. 6. Interaction effect for voice assistant x delay on User Experience Questionnaire
(UEQ) mean scores (see Table 4 for details); see [41].

Table 4. Results of the User Experience Questionnaire (Scale ranging from −3 to +3)
for recordings with and without voice assistant, either delayed or on time, indicating
an interaction effect also seen in Fig. 6.

Aspect Recordings with voice assistant Recordings without voice assistant

On time (N= 5) Delayed (N = 3) On time (N= 5) Delayed (N =3)

M SD M SD M SD M SD

Attractiveness 1.4 1.1 −0.7 0.8 0.8 1.0 0.3 1.0

Perspicuity 1.5 0.8 −1.2 0.6 1.3 1.3 1.0 0.9

Efficiency 1.3 0.7 −0.3 0.3 1.0 0.8 1.0 0.7

Dependability 0.8 0.8 −1.2 0.4 0.4 1.3 0.5 1.1

Stimulation 1.2 0.5 0 0.8 1.0 1.3 0.3 1.2

Novelty 0.9 0.6 0.2 0.7 0.7 0.4 0.0 1.0

Mean 1.2 −0.5 0.8 0.5

6 Discussion

In a participatory design project for the Historytelling system, older adults were
integrated as potential users in all steps of development of the voice input com-
ponent and methods were adjusted to accommodate their user characteristics
as described in the HCD+ approach [32]. Even though the older study partici-
pants scored comparatively high on the computer literacy scale, there was also
large heterogeneity within the group, which shows that age as sole indicator for
recruiting is not sufficient and questionnaires such as the CLS [31] should be
considered to categorize participants. Overall, the adjustments made for includ-
ing older adults proved beneficial toward the goal of universal usability not to
exclude anyone by design. Through the adaptation and method selection, we
have managed to create a vibrant atmosphere and engaged the participants in
lively discussions which fostered a wide range of results.
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Addressing the first research question “Which type of voice input is suitable
for older adults”, the subsequent transcription was preferred among participants,
as they wanted to have both, text and recorded audio. Sadly, there were many
errors in the transcript, since the quality of the text to speech engine used in
the tested software was not sufficient to maintain uninterrupted oral fluency. To
assess the acceptable fault tolerance, additional studies have to be conducted and
it remains to be seen if current technology can attain it. Until then, we suggest
weighing its potential benefits to the loss in user experience due to frustration.

Addressing the second research question on minimal requirements for a con-
versational agent for older adults in the context of HT, users should be guided
through the recording process. A virtual speech assistant giving necessary infor-
mation could be helpful, but it should recede into the background during story
recording and graphical user interface elements should be used for regular moni-
toring instead. The evaluation has shown that the assistance provided as Wizard
of Oz prototype was immersive, but a delay in the assistants’ feedback should be
avoided, because it cripples user experience, upending the benefits of conversa-
tional agents and leaving the users uncomfortable and confused. Moreover, users
faced with the virtual speech assistant prototype acted differently than those faced
with the simulation game used for requirement analysis. With the prototype, users
concentrated more on story telling, whereas the simulation often provoked real
conversations between human story teller and human voice assistant.

For practical application, the HT system could (continuously) monitor
whether voice assistance can be delivered without noticeable delay (e.g. due to
low available bandwidth, bad sound input quality, noisy surroundings or users
speaking too softly), and conceal it otherwise to avoid the “UX penalty” for
a delayed voice assistant shown in Fig. 6 and Table 4. However, this could also
necessitate a removal of such functionality, which could in itself be more frus-
trating to the user than not knowing a voice assistant existed. To alleviate such
frustration, the HT system would need to communicate the reasons to the user
transparently and comprehensibly. Also, audio files could be stored and tran-
scribed later (with enhanced technology). In the HT context, volunteers might
also be willing to correct errors in the transcripts for the storytellers.

Regarding the third research question on how a conversational agent’s dia-
logue could be designed, it became apparent that a combination of graphical
user interface and voice user interfaces could address the needs of older adults—
a combined approach is not yet supported in commercial products such as Alexa
and Siri, but has been investigated in research projects including our own and
seems very promising especially for older users.

Finally, privacy concerns play an important role in technology acceptance
and adoption, especially for older users. For that reason, cloud based commer-
cial systems such as Alexa and Siri may not be suitable for them and could
eventually be replaced by alternatives such as Mozilla Web Speech. Future HT
development and research will also investigate the combination of graphical and
voice interfaces and extend the already established style guide [42]. As HT devel-
opment continues, our progress will be published on the project website [38] and
in future publications.
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Abstract. Over the past years many systems involving exercising through games
(exergaming) have been developed by leveraging on new technologies to provide
an alternative way for improving physical condition and balance control. Such
systems are widely used for improving the physical condition of healthy persons
and for rehabilitation. For seniors, exergames provide a new and enjoyable way
for increasing physical activity and for improving balance condition and muscle
strength to reduce fall risks. However, a matter arising is whether such systems
are well designed to suit seniors. In this work the development and evaluation of a
new exergame is presented. The development process followed a human centered
design approach involving the relevant stakeholders to create an effective system
for balance training. The implementationwas based on theMicrosoftKinect sensor
for motion recognition and the Unity graphics engine for creating a realistic three-
dimensional open world. The influence of user diversity on gesture training and
recognition is discussed and the proper sample size is determined in order to
achieve a high confidence level in gestures recognition. Results of a user evaluation
study are reported both on balance improvement and on system usability, by using
proper measurement instruments. The results indicate a positive acceptance of
the technology and the possibility for balance improvement leading to healthier
seniors.

Keywords: Motion-based exercise game · Seniors ·Microsoft Kinect · Unity
engine · Usability evaluation · Balance improvement · Human centered design ·
Ambient assisted living

1 Introduction

Exercise games (known as exergames) tend to become a useful home-based tool for
improving both seniors’ physical and mental health by performing game scenario tasks
[1]. Furthermore, there is positive evidence that exercise programs that combine balance
training and muscle strengthening and coordination can reduce falls and fall risk in the
elderly [2].

During the past years off-the-self gaming consoles like Microsoft Kinect XBOX
360, Sony Playstation Eyetoy and NintendoWii have been pervasive. Such systems have
introduced a new style of physical interaction based on gestures and full body motions
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and have been used for training balance and improving fitness for healthy elderly [3] as
well as for medical purposes as rehabilitation tools [4].

However, the question that arises is whether such gaming systems that are targeted to
the general population following a fit-for-all design approach are appropriate for seniors.
Usability studies with the participation of seniors have found that popular commercially
available games are not necessarily appropriate for seniors due to their complex interface
and game structure [5]. Negative feedback when the players frequently fail to perform
game tasks because their movements are slower than expected by the game have been
also reported [6]. Many exergames are inappropriate for balance training because they
are not properly designed for controlled movements of seniors’ body centre of gravity
[7] and their use can cause injuries [8]. Furthermore, commercial gaming platforms are
not flexible enough to provide exergame personalization taking into account the specific
needs of an individual and their cost is considerable.

In this work we introduce the design and development of a game tool that com-
bines Microsoft Kinect technology to capture body movements and gestures and Unity
graphics engine to create a 3D semi-opengame world. Moreover we present a human
centered design approach for the game mechanics and a set of proper design guidelines
that take into account the special needs of seniors. The influence of user diversity on
gesture training and recognition is discussed and the proper user sample size for the
training process is determined in order to achieve a high confidence level for gestures
recognition. The aim was to provide a gaming tool that is both enjoyable to use and
has a practical impact on improving seniors balance. To assess the usefulness of the
tool a pilot study has been performed with the participation of 12 seniors for a period
of five weeks using evaluation metrics such as the Berg Balance Score (BBS), the 30 s
sit-to-stand test and validated questionaires for assessing usability factors. The qualita-
tive and quantitative analysis of the pilot data shows that the proposed game tool can be
used to assist seniors in improving their balance in an enjoyable and engaging manner.
The discussion provides an interpretation of the results and supports the conclusions
with evidence from the pilot study and generally accepted knowledge. Future work is
outlined regarding the new features to be included in the game and the integration of
new technologies to support the future versions of the game tool.

2 Literature Review

The development of computer games for assisting the elderly, mostly for memory train-
ing, can be traced back in the 1980s [9]. A new era of research and development initiated
when the first tracking sensor, Nintendo Wii was introduced. Later on, the development
of Kinect technology introduced a new way of exergaming without the need of holding
any controller, making Kinect sensor one of the most viable device for exergaming.
These exergames are massively used in the field of Ambient Assisted Living (AAL) as a
tool to help elderly remain physically and mentally fit through engaging game activities
as well as in the rehabilitation process through specially designed balance exercises [10].

Several studies have explored the appropriateness of commercial game consoles for
fall prevention of seniors [11]. In particular the suitability of Microsoft Kinect sensor on
enhancing physical exercising and performing rehabilitation protocols has been explored
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byMousavi Hondori andKhademi [12]. Their review indicates that Kinect is an adequate
device for balance exercising and monitoring of the elderly.

A training intervention program was performed in a nursing home based on the
Wii Fit balance board to evaluate the effectiveness of exergaming in reducing the risk of
falling in patients with history of falls [13]. Sixty seniors above the age of 65 participated
in a sixweeks programand receivedbalance trainingusing three balance exergames using
body motions while standing on the Wii platform. The study indicated that exergam-
ing can have a positive impact both on physical and psychological well-being assessed
through relevant scales the training program provided opportunities for social interac-
tions between the participants when the game was played in groups affecting positively
the sense of belonging. A similar study using the Wii balance board was reported in
[14]. The study used specially designed exergames and the evaluation showed that using
a low cost gaming device and a specially tailored application can be a valid method to
assist seniors in improving their well-being and balance self-confidence.

Although the use of commercially available games is promising for the balance train-
ing of seniors there is a strong evidence that the development of specially designed games
in a process involving all major stakeholders (i.e. elderly, caregivers, physiotherapists
and developers) can serve more efficiently exercising intervention goals [15].

A research study performed with elderly in Japan designed and evaluated four
exergames developed on the Microsoft Kinect platform with a goal to improve seniors’
strength, balance and mobility [16]. The games entailed movements such as grabbing
virtual objects using both arms, placing the feet along a straight line, bending knees and
hips, crouching and standing on one leg. The users had to perform movements in the
context of a game scenario while tasks were becoming more complicated based on the
game’s level of difficulty. The intervention brought an improvement in daily walking
movements as measured by the Berg Balance Scale.

Similar exergames in an AAL environment were examined by Stanmmore et al. [17].
The study focused on whether exergames can be an effective alternative to traditional
falls prevention exercise programs for seniors living in sheltered housing. Through a
12-week program which took place in twelve sheltered housing centers, seniors were
split into two groups one for standard care and one for standard care including three
exergaming sessions per week. The evaluation using the Berg Balance Scale (BBS)
showed an increase of 95% in balance due to exergaming.

Studies also are focusing onwhether exergaming using consoles can be a helpful tool
for patients with chronic diseases. A new exergaming software introduced in [18] called
HemoKinect by focusing in patients with hemophilia and evaluating their daily exercise
routine using a Kinect V2 sensor. Furthermore, researchers in [19] introduced a three-
dimensional exergame based on Kinect sensor for patients with Parkinson’s disease.
Players interacted with the game using a set of gestures like hitting objects with hands
and feet and rotating hip left and right.

The proposed system shares similar goals and embraces the perspective of developing
tailored exergames based on a human centered design approach to identify requirements
that are closer to the motor and cognitive abilities of seniors. On the sensor technology
side, the second version of Microsoft Kinect is used instead of the first one. Besides
providing higher resolution, more skeleton joints can be tracked (e.g., thumb joints and
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hand tip) which allows for identifying more movement combinations. On the game side,
further to the basic movements that were used in previous studies, the ability for the
user to walk is provided. Moreover, a three-dimensional open world was created using
Unity 3D game engine embellished with narrative features through animations, sound
and visuals for achieving a more realistic game experience. Although the game requires
the use of the Kinect sensor to identify user’s movements, there is no dependency on the
corresponding game console, thus keeping the cost of the necessary hardware low.

3 Design Methodology

3.1 Human Centered Design

Based on the human centered design (HCD) approach [20] interviews and meetings
took place between game designers, seniors and medical experts which allowed for
acquiring both qualitative data through brainstorming activities and quantitative data
through usability questionnaires to refine the main game characteristics and define the
body movements that will be trained throughout the game. Emphasis was given on the
motions that were going to be implemented as well as on other game characteristics such
as the main game theme. The involvement of seniors under the HCD guidelines from
game requirements analysis and design to evaluation was essential in order to adequately
capture their preferences and needs.

After every meeting a prototype design was formed using the game ideas exported
from the meetings and the mechanisms were evaluated by the users. User feedback on
the design and game concepts was analyzed by the users and appropriate changes were
implemented. A redesign cycle was followed with refined game rules and interactions
before the final prototype development commenced. The iterative user feedback expected
to deliver a game tool that will be both useful in terms of balance training and enjoyable
in terms of playing experience.

A number of design guidelines for exergames have been gathered by reviewing
related research [21] and getting feedback from the elderly people in the HCD process:

• Body Movements Constraints: Ageing often leads to both cognitive and physical neg-
ative changes, like decline in balance and physical strength. Thus, the game structure
must avoid complex movements that may cause injuries. Also, it would be easier for
the seniors to deal with only a single task each time.

• Game Theme: The theme of the exercise game should be related to real-life activities
that are familiar to elderly people. Themes that are associated to natural life such
as walking in a forest, picking apples and fishing are more acceptable than artificial
settings found in commercial video games.

• User Interface: To concentrate on the actual exercise the user interface should be
simple and easy to use. All instructions have to be clear and use common language.
The interface should have different alternatives for multimedia presentation, such as,
text, voice and images. For those who are visually impaired, for example, an audio
presentation might be preferable.
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• Provide Instructions: Learning the game movements before starting the actual game
should be provided as a choice to the users. Once those instructions are not required
any more, users should have the option to avoid them. Furthermore, it should not be
expected that the user will recall the instructions, so every time the user wants to start
the game an option to view the instructions should appear.

• Avoid Small Objects: It is easier for the elderly to identify large objects rather than
small or fast moving.

• Positive Feedback: Motivating feedback should be given to encourage play. Construc-
tive feedback should be given to guide and correct exercises. Information and feedback
should be given when appropriate, to not disturb the user.

• Variety of Difficulty Levels: For users to keep their motivation and continue playing,
exergames should include different levels of difficulty. In that way, users will be able
to test their skills and try to become better. Also moving to a more difficult level will
make users feel that they accomplished something good and the game in fact helps
them.

3.2 Game Tool Characteristics

Based on the guidelines mentioned in the previous section a game called “Fruit Col-
lector” was conceptualized. The main purpose of the exergame is to pick up objects
that are scattered around the environment and deliver them to appropriate spots. The
movements involved in the game design target improvements in balance and walking
abilities. Furthermore, other cognitive properties could benefit such asmemory, attention
and synchronization.

Since the exergame is based onMicrosoft Kinect sensor, the game entailed the design
of gestures and body movements to interact with the game’s environment. Specifically,
the game includes the following motions a) Leaning left and right to rotate to the corre-
sponding direction b) on site walking to move forward and c) hand gestures to pick up
and drop objects.

During game design the feedback of the user focus group indicated a topic close to
the seniors’ interests. Thus, the idea was to create a forest with trees and flowers while
in the center of it a small village was placed. As for the collected/scattered objects the
decision was to be baskets filled with fruits of different types. Finally, the brainstorming
indicated that the places to deliver these baskets should be the houses of the village.

Moreover, different levels of difficulty were added to the game. Namely, there are
three levels (easy, normal and advanced) and in each level the playermust deliver different
number of baskets to complete the game; easy requires only two baskets to be delivered,
normal requires four baskets and advanced requires the complete set, meaning eight
baskets.

A tutorial was added providing simple instructions on how to perform the body
movements and how to play the game. Every time the player starts a new game amessage
is displayed asking whether the player wants to see the tutorial before proceeding on
playing.

The game does not provide any negative feedback to the user because as the design
guidelines indicated it is important for the seniors to feel confident while playing the
game and creating stress and anxiety has to be avoided. On the contrary, when a basket
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is delivered a positive message is displayed while an appropriate sound is played. After
the design process was completed, the game development was progressed in its final
phase as will be described in the next section.

4 Kinect Sensor Programming

Microsoft Kinect is a motion tracking sensor based on a depth camera recording tech-
nology for skeletal tracking [22] allowing the user to interact with applications using
gestures, movements and voice commands without the need to use any controller. For
the developed game tool, the second version of the sensor was used (Fig. 1 left) which is
equipped with a richer SDK API, the ability to track more joints to identify hand states
(Fig. 1 right) and tools to record the motions. Furthermore, the Kinect SDK provides
two machine learning algorithms, AdaBoost and Random Forest which can be trained
to identify complicated activities. Such activities are recorded using the Visual Gesture
Builder tool.

Fig. 1. Left: Kinect Sensor V2, right: Hand states [23].

4.1 Activities Selection and Recording

Besides the motions that already reported above, during the early design stages the game
tool included more gestures. Specifically, leaning the head left and right to rotate to the
corresponding direction and crouching to move under some obstacles.

Based on the HCD process and interviewing with seniors and domain experts (ortho-
pedics and physiotherapists) the above motions were rejected or modified. Specifically,
leaning the head was rejected due to the fact that some seniors had difficulties of a clear
view of the game environment while leaning the head, thus this motion was changed
to leaning the spine left and right resulting in the same effects. Crouching was also
rejected as an interaction motion because of two main reasons. Firstly, the motion was
found to be exhaustive and sometimes the reason to quit for many users, and secondly,
conflicts occurred with some game scenarios where the user had to crouch and practice
on site walking at the same time. As for the on-site walking and the hand gestures no
modifications were made.
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For gameactivities recognition a trainingprocesswas followedbyusing the recording
tool and the machine learning algorithms of the Kinect SDK. For building the activity
model the Kinect Studio tool was employed to observe the way the sensor is recording
the environment. This tool facilitated also the recording of motions and gestures that
were used in the game mechanics. Figure 2 shows, for example, the recording of leaning
right and left motions. Such motions are stored in the form of a sequence of frames. A
frame is a digitally coded static image represented as a selected number of tracked body
parts (i.e. joints). A frame rate of 30 fps (a frame every 0.033 s) was used during activity
recording.

Fig. 2. User leaning right and left.

In order to have more reliable results, the decision was to split the recorded samples
into two datasets, one for training and one for validation purposes. In addition, users
contributed in recording motions for the training stage did not take part in the final
evaluation in order to have more clear results regarding system’s ability to identify
different users on a variety of motions.

During the training process one issue that required attention was the fact that users
cannot execute the movements the same way. Moreover, the body type of each user was
an issue that had to be resolved. For instance, some users are taller than others thus, the
system would not have been able to identify the gestures and motions if it would have
been trained based on a single person.

Furthermore, when it comes to elderly people this issue appears more frequently due
to age and physical related issues. Thus, it is expected that the elderly would not perform
a specific motion in the same way. For instance, it is expected that seniors would not
lean left or right in the same way.

In order to achieve better results regarding the system’s ability to identify gestures
correctly a group of seniors (male and female) between the age 65 and 70 years with
different weight and height characteristics was asked to perform each of the gestures
required for game activities. A cycle procedure was followed in order to determine the
proper number of users required to train the system to be able to identify themotionswith
high confidence level. Literature research indicated that the accepted number of people
required in situations like this was three in order to cover all body types regarding weight
and height. However, after testing that threshold using the live testing option provided
by sensor’s SDK, it was noticed that system’s confidence level was below average. After
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performing tests with more seniors it was resolved that for the leaning gesture a number
of five users is an acceptable limit since the difference in confidence level between 5 and
6 or more users is not significant (Fig. 3).

0.44 
0.59 

0.71 
0.86 

0.95 0.96 0.96 

0.32 
0.44 0.5 

0.65 
0.77 

0.9 0.96 

0
0.2
0.4
0.6
0.8

1
1.2

1  2  3  4  5  6  7  

CO
N

FI
DE

N
CE

 L
EV

EL
 

NUMBER OF USERS 

Leaning On-site walking

Fig. 3. Average confidence level for each motion in relation to the training user sample.

Regarding the on-site waking motion it turned out to be more a difficult motion for
some seniors. Specifically, seniors with less balance control were not able to lift their
feet to the same height as others thus requiring more training samples. Therefore, for
this type of movement, seven users were found to be the acceptable limit for the training
process. Figure 3 shows the confidence level for identifying both gestures in relation to
the number of users that participated in the training phase.

4.2 Training Sensor’s Algorithm

In order to start the training process, the pre-recorded frame files stored during the
recording stage were used. The tuning of the training process entails the selection of
several options. These options depend on which parts of the body the sensor will track
(upper, lower or both), whether the left and right side of the user’s body motion differ
and whether the activities are classified as discrete or continuous. A discrete activity is
defined as a Boolean entity linked with a confidence value of existence. On the other
hand, a continuous activity is associated with a progress value which allows the tool
to track its progression optionally via several discrete activities. A continuous activity
is more complex, and it is used for motions like dancing or performing certain exer-
cises. The machine learning algorithm that is used for discrete activities is the meta
algorithm AdaBoost, whereas for continuous activities the Random Forest algorithm is
used. Table 1 shows the selected options for the basic game motions.

As for the walking motion our initial thought was to classify this movement as
continuous. A continuous gesture is a combination of two or more discrete gestures and
in order to track its progress it has to be split into stages. The user has to pass with
success each of these stages for the whole gesture to be successful. In order to split the
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Table 1. Options for training gestures [23].

Option Leaning Walking

Rely on joints in the lower body False True

Rely on hand states False False

Right and left side are different True True

Discrete/Continuous Discrete Discrete

gesture, we use “Tags” to mark the exact timestamp where the user begins to execute
the appropriate motion. Figure 4 shows the walking motion split into 5 stages where
the pink line indicates the whole gesture and the gray dots are the stages as shown in
Table 2.

Fig. 4. Continuous gesture tags.

Table 2. Tags for walking gesture.

Stage number Description

1 User begins to lift left/right foot

2 User begins to lower the raised foot

3 User begins to lift the other foot

4 User begins to lower the raised foot

5 Both feet are on the ground and the gesture is completed
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After testing the above scenario, cases were noticed where the system could not
recognize the gesture correctly. Specifically, after the end of stage 2 and just before the
start of stage 3, the user has both legs on the ground the same as at the end of the gesture
which resulted some times in a conflict state, where the system would falsely consider
that the motion was completed after stage 2 and right before stage 3. The result of this
was for the player to stop moving from time to time which had a negative effect on the
overall game experience. Thus, it was decided to reject this approach and classify this
motion as discrete and use the same training technique as for the leaning gesture.

The AdaBoost algorithm was used to train the recognition model for leaning and
walking motions. After importing the recorded files, the timestamps where the user was
performing the corresponding motion were marked. Figure 5 shows the lean left and
walking motions performed by a user while the blue lines represent the exact timestamp
of that motion.

Fig. 5. Training AdaBoost algorithm.

A validation of the trained activity recognition model was performed in order to
ensure that the game tool identifies correctly the user’s activities. For this purpose, the live
testing optionwas used. Figure 6 shows the tool representation of a senior performing the
leaning left motion. The white lines that are passing through the corresponding windows
indicate the level of confidence for the gesture.

5 Game Scenery Development

The proposed game tool offers amore realistic game experience than other similar games
reported in the literature by playing in a three-dimensional open world. Also, the user
is not only limited in executing the game mechanics to complete each level but is also
able to explore this game world by executing the same motions described earlier. In this
section the steps taken to create the 3D game world are described based on the Unity
cross platform game engine.
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Fig. 6. Validation of leaning left.

The game concept included the creation of a small village inside a forest. Firstly, the
terrain on which all the game would take place was created. The terrain’s main color is
green embellished with some trees and flowers in order to create the forest. At the center
of the forest some houses were placed to create the village. Figure 7 illustrates the final
view of the village and its textures.

Fig. 7. Game’s terrain [23]. (Color figure online)

The game scenery included a number of game objects. Two assets were used to
create the baskets and the fruits respectively and by combining these two, one composite
game object was created, the basket filled with fruits (Fig. 8). In addition, colors were
added to the baskets so that the player can identify them easily. Furthermore, colliders
implemented on every game object making the player unable to pass through trees or
houses making the game more realistic.

The game also takes advantage of the Unity’s particle systems by implementing
effects such as explosions or indicators that help the playermove forward in the game and
improve the whole game experience. Following the HCD design guidelines, indicators
were provided in the form of colorful lightning indicators in order for the player to know
where to place each basket. Furthermore, these indicators were used in a way of a bonus
provider for the player. In particular, if a basket’s color was matched to the indicator’s
the player received double points (Fig. 9). Therefore, players had a motivation to place
each basket in the same color spot and so the gaming time could be increased resulting
in more user training.
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Fig. 8. Baskets filled with fruits. (Color figure online)

Fig. 9. Lighting indicators. (Color figure online)

An important step was to create the avatar that would be controlled by the user. Unity
provides the prefab “First Person character”which has all the utilities needed to complete
this task. Furthermore, a target in front of the avatar was added (Fig. 10). The purpose
of this was to provide an indication to the player on when the basket could be picked
up. Thus, when the avatar is close to the basket the target becomes green otherwise the
target remains white.

Fig. 10. Target in front of player. (Color figure online)

As for the last step, details that would show the user information about the time and
the scoring as well as motivated messages and sounds, which were played when the
player completed a task, were added.
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5.1 Integration of Kinect with Unity

Microsoft provides a library with various scripts in order to combine Unity projects with
the Kinect sensor. The game tool is a combination of scripts from this library, customized
scripts created, and C# code added in order to retrieve data from the activities stored
during the training stage and to interact with the game.

The flow of control starts with the “Body Source Manager” script which is respon-
sible for activating and deactivating the sensor and tracking the user. This script was
customized so that the on-line data from the user’s activities are received and processed.
Processing is done by the “Activity Detector” script.

Activity Detector receives the output from the “Body Source Manager” script and
evaluates it based on the activities included in the AdaBoost’s training files. A local
database contains all the user’s activities required to interact with the game. If the user
is performing one of the stored activities a message is sent to “Kinect Manager” script.
Kinect Manager receives data indicating if the user is performing a known activity.
Specifically, it evaluates the detection confidence and if this is above a defined threshold,
it allows the activity to be performed inside the game. For example, if the user is leaning
right and the detection confidence is above 60% then the game avatar is rotating to the
right.

6 Pilot Study

The evaluation of the game tool took place at the Elderly Protection Center in the city of
Ptolemaida, Greece. A group of twelve healthy seniors with an age between 61 and 85
years participated in the evaluation study (n = 12, 6 male and 6 females, mean = 73 ±
6.3 years). Once informed consent was obtained the seniors were asked to play the game
twice per week for a period of five weeks. In every session each senior was playing the
game on all different levels for 25–35min. The evaluation was organized into four stages
and during the whole process a physiotherapist was present for domain-specific support
and a researcher for administration and technical support. There were no dropouts.

6.1 Introduction Stage

Firstly, an overview of the technology as well as of the game was given (Fig. 11).
The participants received information about the research goals and the scheduled tasks.
Theywere informed about the Kinect device and its applications. From the beginning the
seniors showed a great interest in the exergames concept and the supporting technology
although they had no relevant experience in the past.

6.2 Physical Condition Assessment

Before the seniors start playing the game, their physical condition was evaluated in
order to have a baseline. For this purpose, two widely accepted tests were used: The
Berg Balance Scale (BBS) [24] and the 30 s Sit to Stand Test (30SST). The BBS test
takes about 15 min and consists of fourteen exercises in order to examine and evaluate
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Fig. 11. Seniors learning about the evaluation process [23].

balance control. Examples of the test challenges include (Fig. 12): standing for two
minutes, standing unsupported with one foot in front, standing in one leg, picking up
an object from standing position and moving from sit down to standup. Based on the
participants’ performance for each exercise a grade between 0 and 4 is given. The
total score determines the balance condition as follows: a score below 20 indicates
poor balance, a score between 21 and 40 indicates fair balance and a score over 40 is
considered good. The average BBS score was 49.8 (SD ± 0.9) which indicates a good
baseline balance for the study sample.

Fig. 12. Seniors during BBS exercises.

The 30SST is a simple exercise to assess the muscle strength of the participants. The
senior is asked to sit in a chair and stand up as many times as possible in 30 s without
any help. Table 3 provides the 30SST scores per participant for the baseline stage. The



Development and Evaluation of a Motion-Based Exercise Game 133

average score was 13 (SD± 1.7). The overall outcome of the baseline physical condition
assessment was that all participants had relatively high scores and therefore there was
no high risk of falling during the game.

Table 3. Statistics of BBS and 30SST [23].

Metric Pre Post Diff p-value

BBS 49.8 (±0.9) 50.3 (±0.8) 0.5 0.007

30SST 13 (±1.7) 13.4 (±1.2) 0.4 0.05

6.3 Exergaming

During this stage the seniors played the game starting with the easy level and continued
to the next one up to the advanced level (Fig. 13). While playing various parameters
were recorded like the playing time, the collected points and whether the participant
completed the level or stopped and quit. In the initial sessions, while all the participants
completed the first and second level, many of them had to stop prematurely the advanced
level due to tiredness. After some sessions however they were able to complete all game
levels. It is worth mentioning that during this stage there were requests by more seniors
of the Elderly Center to play the game. They had the opportunity to play sometimes the
game, but their statistics were not recorded because they didn’t participate in the study
from the beginning.

6.4 Post-exergame Physical Condition Assessment

After the end of the five weeks period the participants repeated the two balance tests to
evaluate the effect of exergaming in their performance. Table 3 summarize the results
by comparing the baseline and post exergaming scores. The average BBS score after
exergaming was improved to 50.3 (SD ± 0.8) (50% of the participants experienced an
improvement in their balance) while the average 30SST score was slightly improved to
13.4 (SD± 1.2). Given the good scores from the baseline stage and the limited timeframe
of the study the overall balance improvements attained were considered positive.

6.5 Results

The quantitative and qualitative data collected during the study were analyzed to identify
the impact of the proposed exergame.

Statistical analysis using Wilcoxon signed-ranks test (due to non-normality of the
data) for paired samples and a level of significance (a = 0.05) was applied to compare
the BBS and 30SST scores between pre and post exergaming. The results shown in
Table 3 indicate that the BBS score improvement between the pre and post exergaming
periods is statistically significant (p < 0.05), whereas the 30SST score improvement is
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Fig. 13. Seniors playing the game [23].

statisticallymarginally significant (p= 0.05). Thewalking and leaningmotions included
in the exergame design could explain the improvements as these movements contribute
in maintaining both motor and balance function.

The performance statistics exported by the system indicated an improvement on the
game completion time per level throughout the timeframe of the study. In particular, for
the easy level the average completion time for all participants was reduced from 358
to 254 s (29.1%), for the normal level from 540 to 485 s (10.2%) and for the advanced
level from 1000 to 917 s (8.3%). Figure 14 illustrates the progress of the average game
completion time throughout the study for the three game levels.

Another indicator of participant’s interest towards the game is given in Fig. 15 which
shows the number of the baskets the players delivered in the advanced level. In the first
two weeks due to physical tiredness the average baskets delivered was less than the
threshold to complete the level. However, from week 3 until the end of the study all the
participants were able to complete the advanced level.

6.6 Usability Assessment

In order to determine the system’s usability, short duration interviews andmeetings were
conducted with both seniors and medical experts in order to assess whether the system
had a positive impact and to identify the future features that need to be implemented.
The interview with the seniors showed that 100% of the participants found the exergame
to be enjoyable, 80% thought that the movements were not complicated but easy to
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Fig. 15. Baskets delivered in advanced level [23].

remember and 90% of them expressed their expectation to use the exergame after the
study.

Positive comments were provided for the game theme and the extensionality of the
3D textures as well as the seamless navigation of the game through the player avatar.
Positive comments also provided that their confidence on the technology increased due
to their experience with the game tool. The interview with the expert gave the feedback
that the use of the game not only helped the seniors to improve their physical state but
contributed to the improvement of their psychological and emotional state as they were
happy when playing the game and throughout the duration of the study there was a
positive feeling and anticipation towards the planned activities.

Besides the semi-structured interviews, users were asked to fill out a questionnaire
in order to better investigate and evaluate the degree of which the users were satisfied
by the system. The questionnaire was based on the constructs of the Unified Theory of
Acceptance and Use of Technology (UTAUT) model [25] as summarized in Table 4. For
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each of the construct two questions were drafted (see Table 5) with rated response from
1 to 5 with 1 being strongly disagree and 5 being strongly agree.

Table 4. UTAUT constructs used in the study.

Construct Description

Performance Expectancy (PE) The degree to which the individuals believe that the use of the
technologies will result in performance gains

Effort Expectancy (EE) The ease of use of the technologies

Social Influence (SI) The extent to which the individuals believe that others should
use the technologies

Facilitating Conditions (FC) The perceived extent to which the organizational and technical
infrastructure required for the support of the technologies exist

Behavioral Intention (BI) The degree to which the individuals have the intention to use
the technology in the future

Table 5. Question items for each category.

Construct Item Code Item

Performance Expectancy (PE) PE1 The system would improve seniors physical
condition

PE2 The system would reduce fall risk

Effort Expectancy (EE) EE1 The system is easy to use

EE2 I would need the support of an expert to use this
system

Social Influence (SI) SI1 I think most people will learn to use this system
quickly

SI2 I think most people will enjoy playing this game

Facilitating Conditions (FC) FC1 I have the necessary resources to use this system

FC2 I have the necessary knowledge to use this
system

Behavioral Intention (BI) BI1 I intend to use this system in the near future

BI2 I felt very confident using the system

After collecting the responses to the questionnaire from the seniors we have calcu-
lated the Cronbach’s Alpha score for each of the categories in order to determine the
reliability degree. Table 6 shows the results for each of the model’s construct, which is
higher than 0.70 which makes the questionnaire that was formed valid and reliable [26].
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Table 6. Cronbach’s Alpha of the measurement constructs and items.

Category Cronbach’s Alpha Number of Items

Performance Expectancy (PE) .802 2

Effort Expectancy (EE) .787 2

Social Influence (SI) .797 2

Facilitating Conditions (FC) .756 2

Behavioral Intention (BI) .757 2

Descriptive statistics analysis (Table 7) reveals that for the performance expectancy
the majority (41.6%) strongly agrees that the system would help seniors improve their
physical condition. As for reducing the risk of falling, seniors simply agree that the
system could help towards this goal.

Table 7. Descriptive statistics analysis of the measurement constructs and items.

Category 1 2 3 4 5

PE1 0% 0% 16.6% 33.3% 41.6%

PE2 0% 0% 50% 25% 25%

EE1 0% 0% 25% 33.3% 41.6%

EE2 0% 0% 33.3% 50% 16.6%

SI1 0% 0% 33.3% 25% 41.6%

SI2 0% 0% 33.3% 25% 41.6%

FC1 58.3% 16.6% 25% 0% 0%

FC2 50% 33.3% 16.6% 0% 0%

BI1 0% 0% 25% 33.3% 41.6%

BI2 0% 41.6% 25% 25% 8.33%

Furthermore, data from the effort expectancy category show that seniors didn’t find
the system hard to use but only after they got the appropriate instructions from an expert
since they didn’t have the knowledge to use the system from the beginning.

As for the social influence, seniors believe that others would benefit from using the
game and enjoy such systems which was also reflected during the sessions where some
elderly outside the study group showed interest in playing the game. Also, even though
themajority of the users do not have the appropriate equipment to use the system, seniors
showed a positive attitude towards acquiring the equipment in order to be able to use the
system in the near future.

Finally, seniors were asked to fill out the system usability scale (SUS) questionnaire.
SUS is a 10-item questionnaire with five response options from strongly disagree to
strongly agree [27]. The participant’s grades for each item were processed so that the
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original scores of 0–40 are converted to 0–100. Except from three seniors who rated
the exergame tool as acceptable (scores 75–78) all the other scores were above 80. The
average SUS score was 84.3 out of 100, suggesting a high user acceptance [28].

7 Discussion

The research conducted and described in this paper argued and provided evidence that
exergames for seniors, if properly designed, can be an enjoyable tool for balance training
leading to improvements in physical health conditions.

Data analysis from the evaluation study showed that seniors consider such systems
can be reliable and used as an alternative mean for improving their physical condi-
tion through daily exercise. Also, they believe that the system complexity is low, the
exergame is easy to understand on its mechanics and doesn’t require much effort to
use. Furthermore, users found the required gestures of the game easy to perform and
expressed a positive intention to use the designed system in the future and were willing
to recommend it to other seniors.

The system achieved a SUS score of 84.3 which means that the interaction mech-
anisms of the developed system have a good to excellent usability. Also, the post-
exergaming physical evaluation of the seniors through BBS and 30SST tests showed
a significant improvement according to literature measures compared to the baseline
physical assessment. Despite the small sample size, the findings are considered relevant
as there are similar levels of improvement to other studies found in the literature [29,
30].

In line with other studies, seniors due to the lack of knowledge for the new technolo-
gies often show a hesitation in interacting with it [31, 32]. Despite that, seniors show a
positive attitude towards learning to use such systems. Choosing an appropriate game
theme as well as providing positive feedback during the game proved to be the main
reason for seniors to stay motivated and thus keep progressing in the game.

While other studies focus on developing a two-dimensional world, the development
of a three-dimensional open world makes such system more realistic and thus more
attractive to use by the elderly. Also, such a world provides motivation to keep playing
as it provides the opportunity to explore the game world without being limited in a single
place.

From a technological scope, Microsoft Kinect sensor proved to be a reliable device
in correctly identifying motions and gestures under any game scenario and providing
useful feedback to the user. Thus, low cost commercial sensor devices can be a viable tool
for alternative daily exercise. Given the low cost of the sensor device and its portability
the tool can be deployed and used in settings ranging from homes to facility centers
supporting the elderly.

Limitations of the current study are acknowledged. The limited number of partici-
pants and the short evaluation timeframe prevent the justification of more sound results.
Achieving substantial balance improvements in elderly requires playing the games over
3 times per week for at least 3 months [29]. In comparison, the duration of this study
was 5 weeks with 2 game sessions per week.
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8 Conclusion and Future Work

In thiswork a system that aims to improve seniors’ physical condition and balance control
through exergaming has been developed using a human centered design approach. A
three-dimension world was developed allowing the user to explore various sceneries
and not being confined by just completing a level. The evaluation study showed a high
usability score and a positive acceptance of the system by the users providing a new and
enjoyable way of performing exercises.

Work in progress includes the addition of more game features such as a multiplayer
optionwhere players can eitherwork together to complete the game level faster or against
each other. Furthermore, the implementation of daily missions (such as “Deliver two
baskets under x min”) would increase challenges for more demanding users. Figure 16
shows an early development stage of the multiplayer game scenario where the pink
colorized object indicates the second player. Our goal is to implement a 3D avatar for
each player. In the current scenario the two players work against each other to complete
the level.

Fig. 16. Early stage of a multiplayer version of the exergames. (Color figure online)

Future plans include the integrationof newer technologies likeVirtualReality (VR) in
the gamemechanics. Furthermore, sinceVR technology besides requiring an appropriate
mask employs also controllers to move the player, designing a scheme that combines
other sensors like the Azure Kinect will enable to track the user’s gestures without the
need of holding extra controllers.

Furthermore, a cognitive assessment dimension is planned to be incorporated with
automatic game adaption based on user’s characteristics and progression using machine
learning techniques which will perform classification of the collected game data. For
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instance, the new implementation aims to remove the fixed difficulty levels. The aim is
to have a system that will adjust its difficulty based on the results from the user’s data
analysis giving the player extra motivation in playing the game and thus resulting in
more training.

Finally, an evaluation studywith a larger sample of seniors, including a control group,
and for a longer period of time would provide a more sound justification of the present
results.
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Abstract. Stroke is a common and severe disease that can be found in all regions
across the globe, and not only among older adults. Result of a stroke can be death,
or a variety of disabilities caused by impairments in different brain functions. This
chapter discusses technology enhanced stroke rehabilitation froma three-fold view
of cognitive, motoric and speech rehabilitation. The important research question
was: What would be the requirements for technology-enhanced stroke rehabilita-
tion in the areas of cognitive, motoric and speech rehabilitation? The study was
carried out with a requirement-focused Design Science approach collecting data
with semi-structured interviews. Informants were selected in a purposive sampling
choosing professionals with valuable knowledge and skills in stroke rehabilitation.
The findings in this study have generated useful general requirements for a future
implementation and testing of technology enhanced stroke rehabilitation. Within
each of the three rehabilitation categories cognitive, motoric and speech, there
seems to be potential for successful use of technology enhanced services. This
development of rehabilitation services must follow the fundamental principle for
all forms of stroke rehabilitation: each patient needs a personalised treatment.
However, in all three rehabilitation categories, there is a need to define more spe-
cific requirements based on feedback from stroke patients testing the rehabilitation
services.

Keywords: e-Health · Stroke rehabilitation · Independent living · Speech
rehabilitation · Physio rehabilitation · Cognitive rehabilitation

1 Introduction

Discussed in a previous article (Ahmad et al. 2019), were general requirements for stroke
rehabilitation. Here we present a more detailed three-fold view on the topic. Moreover,
in the previous article, there were five semi-structured interviews, and here they are
extended to twelve. The core theme and aim of this article corresponds closely to those
in the previous article, with the addition of a more detailed view, stronger results, and
more nuanced findings.

Stroke is one of the most common and severe diseases across the globe resulting
in death or a variety of disabilities (Langhorne et al. 2011). Stroke is caused by an
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interruption of blood flow to the brain that affects neuronal cells, which leads to severe
impairments in brain function (Toussignant et al. 2018). Stroke, in its initial phase, is
treated in emergency care and with immediate planning on how and where to rehabilitate
the patient. After the emergency treatment, the rehabilitation starts, and it is founded
on the details of the patient’s condition and their wishes and motivation for a better life
(Dimaguila et al. 2018) and society’s goals for a better life and health (UN2019). Because
of the injuries, quality of life is severely compromised, and a patient’s social interaction
decreases since these changes have a long-lasting impact on the patient’s personal and
professional life. The rehabilitation has to be carried out throughout every day of their
life and should not be dependent on variations in the patient’s environment. Added to
this need for patients’ independence are the unsurprising findings that most older adults
prefer to age well and live independently, which is also favored policy makers (Peek
et al. 2016). Ageing well, or healthy ageing, has been described as a lifelong process of
optimising opportunities for improving and preserving health and physical, social and
mental wellness to obtain independence and quality of life (Peel et al. 2004). Stroke is
one of several acute health conditions that often results in lost independence, so a main
objective in any rehabilitation must be to reestablish and facilitate patients’ independent
living to recapture their quality of life (Gwozdz and Sousa-Poza 2010).

Generally, a stroke patient’s disability can be classified into motor, speech and cog-
nitive injuries, where the cognitive part is intertwingled with motor and speech. This
paper handles all three categories of disabilities, where cognitive deals with problems
handling everyday mental activities, motor deals with problems in using the body, and
speech deals with problems with language and communication, reducing drastically a
person’s ability to speak, listen, read and write (Seniów et al. 2009, Langhorne et al.
2011, Veerbeek et al. 2014, Pollock et al. 2014, Toussignant et al. 2018). Traditional
treatments offered by a therapist mainly cover everyday therapy, but it is challenging
to provide access to those treatments to all stroke patients because a high amount of
human resources and running costs are needed for these intervention types. In the last
two decades, Technology Enhanced Systems (TES) have emerged as highly useful for
several treatments involving multiple rehabilitation therapies (Ahmad et al. 2019).

Due to brain function impairments, the patient’s ability to understand and learn new
things is decreased drastically, whichmakes it difficult for patients to adopt and use TES.
Added to the patient’s perspective is that of the therapist, aiming to support the patient in
developing and maintaining the necessary motivation for his/her therapy. Therefore, the
users’ requirements need to be considered with these perspectives in mind and a user-
centred design approach may be most effective (Pagliari 2007; Glasgow, 2007; Dabbs
et al. 2009; Neuhauser et al. 2013). Hence, determining requirements are essential for the
successful use of TES. The aim of the study was therefore to investigate requirements
for the various areas of technology-enhanced stroke rehabilitation and the addressed
research question: What would be the requirements for technology-enhanced stroke
rehabilitation in the areas of cognitive, motoric and speech rehabilitation?

Although challenges for stroke rehabilitation are prevalent all over the world, our
primary focuswas theMid Sweden region, a sparsely populated part of Sweden. Accord-
ing to “Statistics Sweden” is the population of Mid Sweden Region scattered across the
whole region and a large number of people are living outside the cities (SCB, 2016).
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Consequently, providing rehabilitation services in the remote areas is even more chal-
lenging, and a large number of resources are needed to meet these challenges. Therefore,
TES can play a vital role in the region.

1.1 Previous Knowledge of Stroke Rehabilitation and Use of TES

Previous knowledge is here divided into cognitive, motoric, and speech rehabilitation.
Each section describes the main features of each rehabilitation and the requirements
for TES. For the various rehabilitation orientations is it of importance to start the reha-
bilitation as soon as possible after the stroke to motivate the patient in its individual
rehabilitation plan. By using TES could the patient’s motivation increase as well as the
efficiency for the therapist, especially in sparsely populated areas such as Mid Sweden.

1.2 Cognitive Rehabilitation

The cognitive status of a patient plays a vital role in the process of overall rehabilitation
after a stroke, therefore, it is important to examine the condition of a patient’s cognition
before any intervention (Skidmore et al. 2010, Heruti et al. 2002). Many stroke rehabili-
tation exercises need cognitive abilities for learning,memorizing and practicing different
tasks and any kind of cognitive deficiency can make it difficult to perform these tasks
and exercises (Heruti et al. 2002). Therefore, the cognitive skills of patients determine
the overall strategy of rehabilitation following a stroke.

The majority of stroke survivors are reported to have cognitive impairments that
can severely impact patients’ daily life activities (Palmcrantz et al. 2017, Gamito et al.
2017), and a large number of patients need long-term cognitive rehabilitation (Cogollor
et al. 2018). After a stroke, even mild cognitive impairments can affect patients’ inde-
pendent living, quality of life and occupational effectiveness (Jokinen et al. 2015). Due
to the brain damage, cognitive impairments can cause attention deficits, memory loss,
perceptual disorders, and spatial neglect, where some types of training can improve the
attention and alertness time for patients with attention deficiencies (Langhorne et al.
2011, Jokinen et al. 2015). Several types of therapies can be suggested for effecting
cognitive improvements; their selection, depends on each patient’s impairments.

Occupational therapy is one of the traditional and important interventions for cog-
nitive rehabilitation where a patient performs some selected tasks guided by an occu-
pational therapist’s visual and verbal cues (Pastorino et al. 2014). Usually, traditional
cognitive training for performing these daily routine tasks consists of pen-and-paper
exercises (Gamito et al. 2017). Several studies highlight that occupational therapy can
improve cognition and daily life activities (Pastorino et al. 2014, Langhorne et al. 2011).
Occupational therapy based training and interventions within a few weeks after stroke
have the most effective outcome and play an effective role in future rehabilitation, there-
fore, some kind of therapy should be started as soon as possible following stroke (Ahmad
et al. 2019, Pastorino et al. 2014). Even a small improvement in the cognitive state dur-
ing the first weeks after stroke can make a huge impact on a patient’s overall health and
future rehabilitation process (Vourvopoulos et al. 2013). However, traditional rehabil-
itation, operated by therapists, requires a lot of human resources and come with high
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operational costs (Zhang et al. 2016). In this context, cognitive therapies and exercises
based on TES can be helpful to reduce human intervention and operational costs.

A number of research studies suggest that TES have a progressively important role
in cognitive rehabilitation following stroke (Gamito et al. 2017, Ahmad et al. 2019,
Vourvopoulos et al. 2013). For example, interactive eHealth applications based on vir-
tual reality and game-based learning can improve the patient’s memory and attention
deficiencies (Vourvopoulos et al. 2013, Gamito et al. 2017). Traditional paper and pen-
cil exercises to restore cognition can be replaced by interactive gaming applications
(Gamito et al. 2017). Serious game application based on virtual reality can be developed
and effectively used for different daily routine activities (Gamito et al. 2017, Vourvopou-
los et al. 2013). A study highlighted that TES helped patients to perform error free daily
tasks, for example, making tea became easy for them with the help of an interactive
web application (Pastorino et al. 2014). In order to support a patient-centric treatment
approach, such applications can be customized according to the patients’ needs and
cognitive state (Vourvopoulos et al. 2013). Since these applications can be operated and
monitored from a distance via internet as well, the patients can use them in their home
environment and that support the idea of independent living (Gamito et al. 2017).

1.3 Motoric Rehabilitation

Almost all stroke patients suffer from some kind of motoric impairment, and to start the
motoric rehabilitation early is a crucial key activity for most stroke survivors (Langhorne
et al. 2009).

The rehabilitation of motor functions, and especially the movement of upper limbs
is crucial in the effort for patients to live independently (Stinear and Byblow 2014).
Several research studies highlight the importance of an early rehabilitation start, and
also the need for an individually adapted long-term plan (Palmcrantz et al. 2017, Ahmad
et al. 2019). The common recommendations for motoric rehabilitation are physiotherapy
and controlled exercises (Veerbeek et al. 2014), and to obtain good results the physical
training should be intense, customised, task-oriented and in high dosage (Palmcrantz
et al. 2017). This makes the role of occupational therapists and physiotherapists very
important to obtain a well-planned and individually adapted motor recovery (Langhorne
et al. 2009).

Today, motoric stroke rehabilitation could be carried out in a mix of traditional reha-
bilitation, technology enhanced rehabilitation (Parker and Mawson 2017), robot aided
rehabilitation (Orihuela-Espina et al. 2016) or game-based rehabilitation (Choi et al.
2016). This study had a focus on how technology enhanced and game-based exercises
might complement traditional rehabilitation. In the 21st century, rapid technological
development has enabled new ICT technology enhanced solutions for physical rehabil-
itation (Nicolau et al. 2013). For motoric stroke rehabilitation a wide variety of TES
solutions has been developed and evaluated. Some trends have been virtual reality appli-
cations with specialised hardware devices (Boian et al. 2002; Wade andWinstein 2011),
robot assisted rehabilitation (Wade andWinstein 2011; Orihuela-Espina et al. 2016) and
various game-based TES approaches (Alankus et al. 2010; Choi et al. 2016).

Since effective stroke rehabilitation must be intensive and repetitive, patient moti-
vation and engagement is a crucial factor. Digital games have been recognised for their
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motivational effect, and for motoric stroke rehabilitation an engaging and serious game
can be more important than expensive high-end graphics. (Burke et al. 2009) During the
last decades, there has been a fast and heterogeneous development of the type of digital
games that Juul (2010) calls ‘casual games’. His main categories of casual games are: 1)
games with mimetic interfaces, and 2) online downloadable casual games. Games with
mimetic interfaces often involve physical activities where players mimic an activity that
is displayed on the screen. Examples of games with mimetic interfaces with are tennis
and bowling on a Wii platform, or an imitation of guitar playing in Guitar Hero. These
games are classified as casual since all presumptive players can look at the game and
quickly understand the basic game idea. These are interesting aspects for stroke patients
since motoric rehabilitation should be based on physical activities, and stroke patients
often have reduced cognitive abilities making more complex gameplay hard to learn.

1.4 Speech Rehabilitation

After a stroke, most speech and language impairments are recovered during the first few
weeks, but recovery might take several years; several studies highlight that speech and
language therapy are effective interventions to enhance the recovery process (Gerste-
necker and Lazar 2019). Difficulties related to speech are classified in the conditions of
aphasia, dysarthria, and verbal apraxia.

Aphasia is one of the typical stroke impairments where a patient’s cognitive perfor-
mance is decreased, referring to the struggle with understanding what a word means,
finding the right word to use, and using grammar correctly (Toussignant et al. 2018).
This cognitive performance refers to the abilities to speak, read and write to various
extents. Almost one-third of patients tend to have aphasia after a stroke (Brady et al.
2016). Dysarthria refers to impairment in the muscles used to speak and can affect pro-
nunciation or phonation. Verbal apraxia refers to difficulties in planning what and how
to say something. Stroke patients can suffer from all impairments in varying degrees as
well as suffering from only one of them.

Several studies confirmed that the quality of life of people with chronic speech
impairments is severely affected because of their emotional suffering, social limitations,
and communication disorders (Hilari et al. 2003; Ross andWertz 2003; Öra et al. 2018).
The stroke patients can no longer express their emotions, opinions, thoughts, personality
and knowledge, and that lack of expression leads to deep frustration (Johansson et al.
2012). Another impact of speech inability is the feeling of uncertainty and fear. The
patients become uncertain about what is said and what is understood, leading to doubts
about what was planned in the past and continuous fear of future unpleasant situations.
Consequently, this devastating disability impacts the people living around the patient,
such as relatives and friends (Öra et al. 2018). Therefore, speech therapy is important
for stroke patients and some evidence has shown that highly intensive, highly dosed,
and long-term therapies have better results than low intensity, low dosed and short-term
therapy (Öra et al. 2018).

TES is one answer to address the need for intensive, highly dosed, and long-term
speech therapy. The functional requirements for a TES related to speech rehabilitation
should be personalised based on the patient’s condition and intention (Simic et al. 2016;
Kesav et al. 2017). Simic et al. (2016) describe the need for user-centred design based on
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the patient’s various conditions, emphasising that most TES for speech training assumes
that stroke patients do have some base level of language left. Patient’s intention refers
to the wish for rehabilitation, where stroke patients’ motivation for recovery varies.
Therefore, the TES should be joyful to use, especially since stroke patients mainly
suffer from fatigue and therefore need extra motivation to train (Rybarczyk and Fonseca
2011). The motivation could be based on follow up situations where training results in
various gratifications. As such, functionality for follow-ups is of interest and game-based
interventions, both from the patient’s and the speech therapist’s perspective (Rybarczyk
and Fonseca 2011; Simic et al. 2016).

Rybarczyk and Fonseca (2011) state that the TES should be based on therapeutic
material and be designed according to different levels of language complexity. One
part of required functionality is object identification; primarily including simple order
comprehension, followed by complex order comprehension (Rybarczyk and Fonseca
2011). The simple order comprehension is based on the construction of a sentence,
including name-verb-direct complement. One such example is: “Put the apple behind
the folder.” Added to the compound sentence is a coordinate or a subordinate sentence,
e.g., “Put the apple behind the folder and the orange to the left of the folder. next to
the pear.” Rybarczyk et al. (2013) add functionality to the order comprehension, where
they emphasise that the TES should include the ability to train writing exercises and
text, word selections, and specific questions. The order for the writing exercises, or any
exercise, should be natural to change for the speech therapist, offering various ways for
developing the training. Besides the requirements as mentioned earlier, is it discussed
that the training must be based on the patient’s mother tongue; mainly related to the fact
that several training programs only are available in, e.g. English (Rybarczyk et al. 2013;
Kesav et al. 2017).

There are several described non-functional requirements, such as the user control
interface where the stroke patient often has motor disabilities and the possibility to use
a tablet for training (Mallet et al. 2019). There are some examples of support for motor
disabilities, such as simplified graphical layout (Rybarczyk and Fonseca 2011). The
graphical layout supporting stroke patients should be as easy as possible to use relating
to the patient’s condition and include oral and written instructions or possibilities for
assistance from another person. One possible solution for assistance is that of a joystick,
where the stroke patient can adjust the control sensitivity (Rybarczyk et al. 2013). The
wish for a tablet as a device is based on its easiness to use formore than one person, where
relatives could be of importance for the stroke patient while using the tablet. Another
aspect of the tablet is during communication, where this smaller device offers significant
support. One such situation for communication is the description or discussion between
two persons where pointing at a picture on a tablet is natural.

2 Method

This study was conducted with a Design Science approach that was inspired by the
five-step process described by Johannesson and Perjons (2014). Design Science could
be defined as a thorough process where an identified problem should be addressed by
the design and implementation of an artefact to make research contributions (Hevner
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et al. 2004, Peffers et al. 2007, Johannesson and Perjons 2014). In this study, the first
two phases of the selected process are used. The process is described below in Figure 1.
The first step was to identify and formulate a problem and testbed design requirements
were defined in the second step.

Fig. 1. Phases in the Design science process (Johannesson and Perjons 2014).

2.1 Data Collection

The most common approach to collect data for determining the requirements is often
some kind of interviews. By selecting and then interviewing different stockholders
according to their expertise and background may lead us to the requirements speci-
fication. Although interviews can be effective but if they are too structured, informant’s
creativity and freedom of expression may be compromised. Therefore, unstructured or
semi-structured interviews are considered as a best practice to encourage informant’s
creativeness. Moreover, the selection of informants with right competence and attitude
is also important in the process of requirement specification (Johannesson and Perjons
2014).

In this study, semi-structured interviews combined with a literature study were used
to gather the data for requirements specification. All the interviews were conducted by
following a basic question schedule that was further customized for different informants
according to their skills and professional background. The basic themes for the interview
question included the informants’ current knowledge, basic work routines and responsi-
bilities in stroke rehabilitation, their understanding and perceived usefulness of e-health
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services, their expectations from ICT and the financial aspects of using ICT. Keywords
such as stroke rehabilitation, e-health, independent living, speech rehabilitation, physio
rehabilitation, and cognitive rehabilitation were used for conducting a literature review.
Some notes were also written during the interviews that not only complemented the
audio recordings but also used in the data analysis process.

A purposive sampling approach was adopted for the informants’ selection where all
the informants have exceptional knowledge and skills in stroke rehabilitation. Purposive
sampling refers to a selection technique where researchers choose interviewees based on
their own judgment. The design science idea of expert opinions refers that the informants
should be selected carefully according to their knowledge and expertise in the given field
of research (Wieringa 2014). Data were collected in semi-structured interviews with ten
informants which roles in stroke rehabilitation are described below in Table 1.

Table 1. Informants and their years of experience of Stroke rehabilitation.

Informant Professional role Years of experience

Informant 1 Speech therapist #1 25

Informant 2 The region’s medically responsible doctor 25

Informant 3 Occupational therapist 5

Informant 4 Physiotherapist #1 8

Informant 5 Physiotherapist #2 3

Informant 6 Chairman of the local stroke patient organisation 3

Informant 7 Speech therapist #2 4

Informant 8 CEO of a small company working with game-based stroke
rehabilitation

25

Informant 9 Hardware and software specialist at a big multinational
company

9

Informant 10 Head of Stroke Team 15

Informants 3, 4, 5, and 10 are part of the mobile stroke rehabilitation team which
is located at the region’s hospital. This mobile team consists of a manager and four co-
workers with different kind of competencies in stroke rehabilitation. The team responsi-
ble for the post-clinical rehabilitation after patients have been relocated to their homes.
However, this service can be offered to patients living within the 70 km area from the
main region’s hospital. Informant 3,4,5 and 7 have been interviewed twice to gather
some more detailed information and to ask some further questions that raised after the
initial interviews.

2.2 Data Analysis

A deductive thematic analysis approach was adopted to discover the themes and patterns
that were useful to establish the requirements for technology-enhanced stroke rehabilita-
tion in the areas of speech, motor, and cognitive rehabilitation. Initially, each researcher
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analysed the interviewmaterial individually and then some combined discussions on the
individual analysis were conducted to conclude the important themes and findings. The
individual analysis was conducted by the steps: meaning units, condensation, code, cat-
egory, and themes. (Erlingsson and Brysiewicz, 2017, Bengtsson, 2016, Elo and Kyngäs
2008). The most important findings from the analyses that are relevant to the research
question are presented in the findings section.

2.3 Ethical Considerations

One part of being a researcher is to consider ethics, namely how to conscientiously deal
with people taking part in your research and the consequences of the research you are
doing (Helgesson 2015).Discussed in research ethics, aswell as in ordinary life, ismoral-
ity, with arguments about the meanings of good, bad, right or wrong. Research ethics
is categorised as professional ethics, which the Swedish Research Council (CODEX
2016) describes in three general subsets. They are: (1) conducting good work, (2) follow
national and local rules, and (3) follow professional codes of ethics. The third subset
includes parts such as the researcher should work in close collaboration with user groups
to satisfy them, show the user groups respect, focus on healthy work environments, and
protect the individuals from harm (Dahlbom and Mathiassen, 2017). Here, it has been
done in various steps, where one is to the users’ voices by interviewing them and rephras-
ing their well-informed voices to shared and accessible knowledge. Another way, which
should be viewed as directed towards the overall aim of this study, is that of creating a
healthy work environment for the stroke patients and the therapists by focusing on their
specific requirements for TES.

The primary empirical material in this thesis is collected through interviews. There-
fore, it is of interest to discuss the ethics for interviews. Kvale and Brinkmann (2014)
discuss them in various steps. One is the informed consent, and their secured confi-
dentiality is by not using either the organisations’ or participants’ real names. At the
introduction of interviews, the researcher(s) have informed the respondent of their vol-
untary participation in the interview, their right to not answer a particular question, and
the right to withdraw from the interview at any time. All interviewswere recorded, stored
where a password is required, and transcribed verbatim by the researchers.

The transcription, which Kvale and Brinkmann (2014) propose to secure the respon-
dent’s confidentiality and transcriptions loyal to their answers. The time-consuming
transcription is made verbatim to give the real answers from the respondents. Transcrib-
ing verbatim is usually not the problem; the construction of sentences is more laborious.
One of the last steps for interview ethics is the analysis. Kvale and Brinkmann (2014)
discuss how much the researcher can put into the respondents’ answers. Here, this is a
question to be answered on a general level – how do we interpret our material and how
can we generalise in interpretative research. Turning focus to the interview material, it
has been shared with and discussed among all researchers as well as researchers in the
domain of e-health, mainly at various conferences.
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3 Findings

Described below are findings from the informants divided into the three rehabilitation
paths. All informants highlight the importance of TES being built on the patient’s need
and that there is a difference in how the stroke patient can use a TES in comparison
to a healthy person, mainly due to the stroke but also related to the TES’ interface and
functionality. One example is the stroke patient’s brain fatigue, where it should be easy
to resume any rehabilitation program in a TES.

3.1 Cognitive Rehabilitation

Most of the informants highlighted the importance of early diagnosis of patient’s cog-
nitive abilities and current state of brain functions after stroke where patient’s current
mental and physical condition should be considered while designing TES for stroke
survivors (Informant 1–6, 7 and 9). Generally, a patient’s ability to understand, express
and perform can be determined by on his cognitive state. As highlighted by informant 1,
patient’s ability to perform different tasks and exercises heavily depends on the degree of
brain damage and cognitive state after stroke, therefore, patient’s cognitive skills should
be examined first and then an individual exercise plan should be adopted based on that
examination (Informant 1, 2). For example, patients with a minor cognitive disability
can use text-based and complex technology-enhanced applications independently; on the
other hand, patients with severe brain damage are suggested to use simple and image-
based technology-enhanced application where they might need extra guidance and help
from a therapist (Informant 1).

Due to impaired cognition and memory loss, the ability to recognize different things
can be affected, therefore, unfamiliar and complex graphical user interfaces can be
challenging for the patients (Informant 3, 6, and 7). Informant 6 and 3 mentioned that
the stroke patients have to relearn many things due to memory loss and in this situation,
learning and navigating new and complex interfaces can be very difficult for them.
Therefore, TES should be easy to operate and interactive. As suggested by informant 7,
simple and interactive web or mobile applications should be used where daily routine
tasks can be practiced such as going to a departmental store or making a cup of coffee.

The informants from computer science and technology background suggested that
TES should be and can be adopted according to the different patients’ needs (Informant
8, 9). Informant 9 discussed the possibilities of multiplatform applications that can
be installed and used on a different kind of hardware and software such as mobiles,
tablets, and desktop computers so that a device can be suggested according to the current
availability of ICT and patient’s medical condition. Technologies such as motion sensors
or deep learning cameras connected to a TV or LED screen can be used in the home
environment to play interactive games (Informant 8, 9) and those interactive games
can be used to relearn different daily life activities and to perform other different kind
rehabilitation exercises. Especially, older adults can be great beneficiaries of this kind
of technologies.

Different kinds of web or mobile applications can help older people to improve their
cognition and daily life actives but the use of these applications depends upon their
current health condition and ease of use of the application (informant 1). The older
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adults seem to have even more cognitive issues, that makes it difficult for them to use
TES (informant 1–3). Some older adults are actually against the use of TES in health
interventions and they do not even want to try eHealth applications (informant 2). The
reason could be lack of knowledge and perceived benefit of using those applications
(informant 1). Therefore they need more education, training, and motivation than the
younger population (informant 1).

3.2 Motoric Rehabilitation

All interviewees stressed the importance of that TES requirements must always have
an individual adaptation to each actual stroke patient where the degree of damage after
stroke, age, overall health condition and previous experiences of TES play an important
role to determine the requirements for a patient (Informant 1–10). Informant 1mentioned
that the use of TES applications depends on to what degree a patient’s brain is affected
by stroke. This is of great importance for the motoric rehabilitation, but must also be
considered for speech rehabilitation and cognitive rehabilitation.

More specific for the motoric rehabilitation stroke patients’ reduced upper limb
movements could need software navigation by eye-tracking technology (Informant 2).
Another alternative suggested by Informant 9 is voice recognition technology for patients
with reduced mobility, and that the patient just can tell the desktop computer to start
the actual rehabilitation application, without any physical input (Informant 9). For some
patients with reduced upper limb functionality sensor technology might also be helpful
for navigation in TES applications (Informant 8, 9), with the idea of patients interact-
ing with a device by the use of hand movements (Informant 9). There are also several
requirements from the caregiver perspective. One is the possibility to provide individu-
alised assignments, with a focus on the desired development for every specific patient
(Informant 2, 5, 6, and 7). Other caregiver requirements are that the assignments need
to be based on caregivers’ professional skills, and that all exercises should be safe to
conduct. Informant 7 described the idea of how a physiotherapist can use a combination
of video and images in motoric exercises to illustrate the optimum angle for a specific
movements.

TES services should both be interesting and joyful to use (Informant 1, 2). The design
of TES services must consider patients with brain and physical dysfunctions should be
able to use these services (Informant 2). Furthermore, Informant 2 strongly emphasised
the importance of designing or joyfulness and usability, and that patients can experience
senses of happiness while doing useful TES exercises. with the help of TES and should
feel the perceived benefits of those exercises (Informant 2). The Informants with more
technical backgrounds suggested TES services with motion sensors or deep cameras
combined with screens with built-in software in where a patient can play interactive
games in their home environments (Informant 8, 9). Informant 5 and Informant 6 also
found the idea of using games in the motoric rehabilitation interesting, and asked for
dancing games and virtual golfing.

As Informant 1 pointed out, there are no existing games that can fit all stroke patients.
There are huge variations in stroke patients’ cognitive abilities, physical abilities as well
as in their digital literacy. As an example, the full field of view could be blurred which
would make some types of gaming problematic. Sophisticated and complex graphical
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user interfaces might also be troublesome to learn and to use for post-stroke patients.
Informant 6 highlighted that stroke patients also often have to relearn, and with vari-
ous daily skills to relearn, it might be hard to also learn how to use new and unknown
digital interfaces (Informant 3, Informant 6). Complex games with complicated game-
play should be avoided and the same goes for long gaming sessions for a target group
with limited energy. The idea of using well-designed and user-friendly casual games
looks promising both for exergames such as virtual table-tennis on large screens, and
for mobile games to play at anytime and anywhere. Finally, the requirements mentioned
above for game-based exercises should of course be considered for all other types of
TES services for stroke rehabilitation.

3.3 Speech Rehabilitation

After a stroke is a person’s ability to understand, express, and communicate limited.
Therefore, should medically educated professionals be involved in the development
of TES for speech rehabilitation to cover the needs and limitations of stroke patients
(Informant 7). The overall needs are described as read, write, understand language and
speech related to words, sentences, and structure. Today, non-medical professionals
developmost of the TES for speech rehabilitation, which can severely affect the usability
of the TES (Informant 7). One primary function is that the TES should have the ability
to be altered and adjusted accordingly to the patient’s medical condition (informant 1,
2, 7). They emphasised that the TES should be easy to use, and patients should feel a
sense of joyfulness by using TES (Informant 1, 2).

The requirements for stroke patients with speech problems were divided into two
main categories (Informant 1, 7). That is, applications may support communication or
training, where the latter includes training of words or meaning structure. The commu-
nication problems can be reduced in various ways; for example, by using images or
other alternative ways of communication. As in all stroke rehabilitation, the needs vary
greatly, resulting in considerable requirement variation for the TES. The lack of TES for
easy communication was evident since the demonstrated ones were adjusted for children
in elementary school. Informant 7 described that most of the currently available TES are
developed for school-going children, and the speech therapists used them after making
adjustments. The content was not adjusted for situations in adult lives; for example,
communication to describe daily routine work with various degrees of difficulty was
missing. The daily routines, such as having a cup of coffee or going to the grocery store,
are missing and the adjustment to various degrees of difficulty.

For training, Informant 1 and 7 expressed the following variations on speech prob-
lems for the stroke patient: dysphagia (problems with swallowing), aphasia (see earlier
description), and dysarthria (reduced mobility in the muscles used in speech). The initial
speech problems are mainly related to dysphagia since the patient does not recognise
how to swallow. Informant 7 shows a TES supporting training to swallow, which has
English narration. While using this TES, Informant 7 turns off the sound and talks to
the patient in Swedish. Patients with severe aphasia may suffer from complete loss of
speech function; therefore, pictures and video-clips based applications can be helpful
(Informant 1, 7). For less damaged patients, voice recording and replaying functions in
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TES are recommended that can improve speech function and pronunciation. An inter-
esting finding is that several informants emphasise the importance of considering the
patient’s vision. Many TES have been developed for persons with a full field of view.
For many stroke patients, the full field of view is blurred, creating problems while using
many TES. For stroke patients with dysphagia, unknown and complex graphical user
interfaces can also be troublesome to learn and accept since they have problems with
muscles. For all stroke patients is that they have to relearn, and in a situation where
many things should be relearnt, it can be hard also to learn how to navigate in new user
interfaces (Informant 3, Informant 6). One solution to this could be to use navigation
with, e.g. their eyes.

The requirements from the speech therapist’s side were several where the fundamen-
tal was proper education and training to use the TES (Informant 1–5, 7). The speech
therapist needs to understand all functionality in the TES and how to adjust it to the
need for each patient. Informant 7 gives an example by declaring the need on how to
mix interactive pictures and video-clips for training instructions. The speech therapists
also needed training on more advanced technology for communication, such as Skype
or Zoom (Informant 2, 7, and 10). The speech therapist had to make instructions for the
stroke patients on how to use those communication tools, such as how to show a video
clip at the same time as instructing the stroke patient or relative. The instructions should
be easy enough to follow for the stroke patients with their disabilities and perhaps limited
knowledge on how to use TES. Importance of proper education and training is evenmore
vital for stroke patients, who often are older adults. Older adults with limited previous
e-technology knowledge/experience tend to have more difficulties to use TES than the
younger people who have better knowledge/experience of these kinds of technologies
(Informant 1–5, 7). Not specifically related to the TES, but still of importance, was the
speech therapist’s understanding of the stroke patient’s privacy and how to access their
private information (Informant 1–5, 7).

Added to the work assignments for the speech therapist, was the lack of speech ther-
apists working at the centre for accessibility aid. At prescribing a tablet or a software for
speech rehabilitation, there were rarely correctly adjusted for the stroke patient. There-
fore, the prescribing speech therapist needs to configure both of them by themselves,
which is time-consuming. Discussed by Informant 1, 3, and 6was also the closely related
concept of Bring Your Own Device (BYOD). They referred to it as the users are will-
ing and interested in using their own devices, mainly mobile phones and tablets. The
requirements for mobile phones varied; informant 1 relied on applications for ordinary
mobile phones, while informant 4 used applications requiring a smartphone with support
for email and web login.

4 Discussion

The overall aim of this research was to determine the requirements to use TES for
cognitive, motoric and speech rehabilitation following a stroke. To our knowledge, this
is the first study to specify the TES requirements for three-fold stroke rehabilitation
where a Requirement-Focused Design Science approach was adopted and professionals
from both medical and technical backgrounds were interviewed. However, some studies
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highlighted the importance of user-centered design for interactive eHealth technologies
(Dabbs et al. 2009, Simic et al. 2016) and that was completely endorsed by all the
informants in this research as well (Informant 1–10).

Although stroke impairments and rehabilitation are classified into three different
categories and there are different kinds of therapists for different types of impairments,
most of the basic notified requirements to use TESwere common. Thatwas an interesting
finding since most of the interviews were conducted separately with the informants of
different kinds of professional backgrounds. However, some specific requirements are
also noted based on the degree of damage after stroke.

The use of TES for all three stroke rehabilitation categories seems to have some obvi-
ous benefits. Some recent research studies established that eHealth technologies such
as virtual reality (Gamito et al. 2017), serious game-based learning (Choi et al. 2016),
telerehabilitation (Tousignant et al. 2018, Øra et al. 2018) and web-based therapy from
distance (Simic et al. 2016) can be useful for different kind of interventions following
stroke. However, patient’s physical and mental condition need to be considered while
designing those TES where patent’s current medical condition determines his ability to
use different kind of treatments (Pollock et al. 2014). As highlighted by all the informants
from a medical background, the requirements for TES are not the same for all the stroke
survivors. Different factors such as a patient’s cognitive, motoric and speech condition
after stroke, age, overall physical and mental condition, professional and social life, and
previous experience and skills to use TES plays a vital role for requirement speciation
(Informants 1–5,7,10). Furthermore, the informants from a technical background not
only agreed upon the above statement, but they also suggest different kinds of technolo-
gies for different types of patients (Informants 8, 9). As proposed by the CEO of an
organization working with game-based stroke rehabilitation, interactive games built on
motion sensor technologies can be used in a home environment for motoric therapies
(Informants 8). Eye-tracking technology can, of course, help seriously infected patients
with serious speech and motor impairments (informant 7, 9).

Age factor should also be considered while designing TES for stroke rehabilitation.
Different age groups can have a different kind of needs and exceptions from technology.
For example, elderly population find it more challenging to use TES than the younger
population (Ahmad and Mozelius). Due to age-related impairments and potential of
social isolation, the process of rehabilitation can be more difficult for the elderly pop-
ulation and they tend to suffer from even more cognitive issues such as memory loss
(informant 1, 2). Therefore, easy to use, interactive and well-guided eHealth systems are
even more important for older adults. Another example of the compromised age factor is
observed during an interview at a rehabilitation center in the Mid Sweden region where
speech therapists are using some eHealth applications for speech rehabilitation that are
basically developed for school children. The tasks and exercises in those applications
can be joyful and stimulating for children but might be uninteresting for adults. The
adult people found these applications boring and sometimes irrelevant, therefore, TES
should be tailor-made and designed for the respective users (informant 7).

What several informants mentioned was the large variation in both stroke patients’
rehabilitation needs, and in their digital skills. Considering this, a fundamental idea
must be to strive for a smorgasboard with a rich variation of both analogue and TES
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services. For some patients, it would be both joyful and useful to play virtual golf, for
others the best choice might be traditional speech exercises. In the rapid technological
development it is tempting to invest in sophisticated devices with motion detection and
high-end audio, but stroke patients’ limited motoric and cognitive abilities might reduce
the benefits of interacting with complex TES environments. Furthermore, the hardware
and the software requirements should not only involve patients’ requirements, but also
consider caregivers and patients’ relatives. Several research studies have pointed out the
importance of informing and involving stroke patients’ relatives (Lomer and McLellan
1987; Almborg et al. 2009; Arntzen and Hamran 2016).

Stroke rehabilitation must always be individually adapted and the trendy concept of
Bring Your OwnDevice (BYOD) seems promising and worth testing in this context. The
basic idea in BYOD is learners, or patients, should bring and use their own devices, and
not be limited to the use of pre-configured and unfamiliar devices. The BYOD concept
has been successfully implemented various educational and industrial context. BYOD
is less frequent in e-Health, but as highlighted in the study by Brooks (2014), BYOD
could be a valuable complement to traditional healthcare and rehabilitation.

5 Conclusion

The study has established some important requirements for further testing on a planned
group of patients. Firstly, the general requirements for overall technology-enhanced
stroke rehabilitation are investigated and then specific requirements for three established
categories, cognitive, motoric and speech rehabilitation after stroke are explored.

Technology-enhanced systems seem to have various benefits that can support inde-
pendent living and increase the quality of life of a stroke survivor. However, a user-
centered approach is essential to design these TES where user-friendliness and useful-
ness plays an important role in the success of TES. Stroke patients often suffer from
different kind/degree of mental and physical disabilities such as memory loss and visual
deficiency, therefore, TES should be adopted according to the patient’s current medical
condition. Patients’ close relatives and friends can also play a vital role in the success of
TES, therefore, they should also be involved in the technology-enhanced rehabilitation
process. The study findings contributed significantly in the Mid Sweden region since
the population is scattered in the whole region and TES can provide batter and equal
treatment possibilities in the remote areas of the region.

6 Future Research

The identified need for taylormade rehabilitation software requires further studies. An
interesting idea would be to design, develop and evaluate a software prototype based on
the requirements that have been gathered in this study. The prototype design should also
be revised and updated according to the results of a continuous user test starting very
early in the process.
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Abstract. Technological advances are contributing to higher levels of quality of
life in developed countries, as new solutions emerge at an increasing speed, quan-
tity, and quality to answer the population’s lifestyle needs and desires. Seniors
nowadays constitute a significant portion of the world population and thus, con-
cerns in answer to their needs are becoming more common from the govern-
ments and enterprises’ side taking technological resources into account. In this
context, this paper presents the results of testing a second-screen mobile appli-
cation designed for senior users. The work presented in this paper was carried
out under the +TV4E project, which aims to promote the info-inclusion of Por-
tuguese senior population by sending them information about public and social
services. The mobile application described here is part of the project and is a
second-screen approach of the already existing iTV application that delivers infor-
mative videos to seniors. The mobile app also allows users to access their videos
but in a more flexible way. The development process was composed of four major
phases: i) prototype development; ii) tests with a small set of seniors; iii) prototype
enhancement; iv) Tests in a real context of use.

Keywords: Seniors · iTV ·Mobile applications · Companion applications ·
Second-screen applications · Usability · User experience

1 Introduction

Population aging is an inevitable natural occurrence that has led to a significant inversion
of the aging pyramid in the developed societies in the last decades. Nearly every country
is facing an increased longevity of adults, which in turn reflect in an increase of older
people, both in the number and proportions [1]. This phenomenon became one of the
greatest challenges for modern civilization and is affecting all sectors of society, namely
labor and financial markets, goods and services, such as housing, transportation and
social protection [2]. Forecasts indicate that a rapid increase in the number of people
aged 60 or over in the medium-term will occur in the near future. Between 2015 and
2030 it is estimated that the total population aged 60 years and over will increase from
901 million to 1.4 billion, reaching nearly 2.1 billion in 2050 [2]. This increase in life
expectancy can be considered as a great achievement for developed societies, however,
it raises various challenges and concerns to citizens, governments, and communities.
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Changes in public health policies, retirement and pension policies, social security and
education, are some of the consequences of demographic aging [3, 4]. Although aging
is characterized by several physical, psychological and social changes which can result
in various problems, being old does not necessarily have to be synonymous of illness,
disability, dependency, isolation, or loneliness. Living longer can become distressing and
problematic for both the individuals themselves and for those around them when proper
conditions for being independent, active, and healthy are not available. It is important
to develop policies and strategies that allow older people to maintain or improve their
quality of life so that aging start being seen from the perspective of “add life to years”
instead of “add years to life”. Considering the aging process, the concept of “quality
of life” is highly determined by the individual’s ability to maintain their autonomy and
independence [5].

Particularly in Portugal, 2,032,606 citizens were 65 years or over in 2012. Consid-
ering optimistic projections and the current trends of fertility, mortality and migration,
in 2060 this number will increase to 3,343,987 [6]. Information is vital for everyone,
especially the senior population, which needs to stay well informed so that they can
adapt their lifestyle within social and governmental norms, maintaining their autonomy
and independence. Access to information is one of the areas which influence seniors’
quality of life the most. It allows people to be more knowledgeable about their envi-
ronments and thus allow them to make decisions in a more supported manner [7]. In
Portugal, despite the existence of plenty of information regarding social and public ser-
vices, which is made available in several service outlets as well as online platforms,
often seniors cannot easily access it because it requires a certain degree of proficiency
in technical terms which can be hard to understand by most of the citizens. To further
aggravate this situation for the senior population, accessing this information involves a
pro-active behavior by the user, often not seen in seniors [8].

In this context, the +TV4E platform’s goal is to bring information regarding social
and public services to seniors, allowing them to easily gain access to services without
the need to search for them. The core of this platform consists in notifying users of
informative content about social or public services while they watch TV. Not to lose
any television content, the platforms allows the seniors to automatically pause the TV
broadcast to watch an informative video and then continuewatching the linear broadcast.
These informative videos are divided into seven areas of general interest named ASGIE
[9], which include Healthcare and Welfare services, Social services, Financial services,
Culture services, Security services, Transport services and Local authority services. In
addition, the+TV4E platform features a video library which aggregates every informa-
tive video sent to the user and a video recommendation algorithm, used to determine
which videos should be sent to each user. The project intends to offer seniors an easier
way to access information about public and social services, contributing to a more inde-
pendent way of living. This project was developed in collaboration with several groups
of seniors who took part in iterative design sessions and usability tests, to evaluate a
high-fidelity prototype of the product.
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2 Aging and Mobile Interfaces

It is important for seniors to be included in a society that is constantly evolving consid-
ering the challenges related to the aging process and the characteristics of older people
themselves. Considering this need, the term active aging emerged and was adopted in
2002 by the World Health Organization. The organization advocated that in order for
older people to maintain a good quality of life, a lengthier lifespan must be accompanied
by continuous opportunities in health, security, and participation. These three concepts
are defined as the pillars of what constitutes active aging and encourages individuals,
throughout their life course, to realize their potential for physical, social, and mental
wellbeing and to participate in society, while providing them the adequate protection,
security, and care, when needed [5, 10]. During the aging process, the quality of life
depends on the risks and opportunities experienced over life course. As far as the per-
sons get old, the support provided by other generations is from capital importance. [5].
An active aging process allows people to keep their sense of purpose and belonging after
they become retired, disabled or incapacitated, encouraging them to play an active role
in their respective families, communities, and social groups. This approach followed by
the World Health Organization has based the recognition of senior’s human rights and
the principles of independence, participation, dignity, care, and self-realization defined
by the United Nations [11]. This concept allows the recognition of aging as a global
phenomenon, encouraging people to work for longer and to retire later or to engage in
volunteer work after retirement, thus maintaining healthy and independent lives [10].
But this recognition will also create new challenges to public health systems to ensure
that seniors continue to have access to means that allow them to age in a healthy and
autonomousway [1]. In this context, technologies play an important role providing senior
population with several benefits, helping them to maintain a higher quality of life for
longer. Nowadays, we are constantly facing the appearance of innovative technologies
in a widespread of fields such as medicine, robotics, assisted living mediated by sensors
[1]. However, developing technologies for seniors can become a tricky process because,
ultimately, their adoption relies on the senior’s capacity to understand and adapt to them
[10]. It is important to never forget that this audience may have low levels of digital
literacy and therefore can be less prepared to handle complex digital tasks, so these
technologies need to be adapted to seniors instead of forcing seniors to adapt to them.

When developing solutions for seniors designers should be aware that they need
to accommodate all the physiological changes that occur with aging, which cause the
need for a higher degree of support in executing tasks and activities [12]. Neglecting
seniors’ accessibility issues on the application’s design process alongside the fact is
often hard for them to get used to new technologies are the main causes for the low
levels of technology acceptance [13]. In 2006, Hawthorn highlights in his investigation
“Designing Effective Interfaces for Older Users” [14], that despite his users having ages
between 65 and 85 years old, their numeric agewas somewhat insignificant [10]. The key
factors influencing interface design are related to the aging process itself thus influencing
the as loss of vision andmemory, as well as the decrease in learning speed. Pereira in [15]
states that most of digital interfaces are not designed considering the sensory, physical
and cognitive constraints of seniors. Loss of hearing and visual acuity, for example,
are factors that need to be considered when developing software for seniors. Reis and
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colleges [16] provide a set of guidelines to ensure technology’ acceptance by senior
users. The visual acuity problems commonly associated with seniors’ causes them to
have difficulty in focusing at short distances, distinguishing small details, discriminating
chromatic differences and reading moving text. Additionally, it lowers their adaptability
to lighting making themmore susceptible to brightness variations and thus requiring, for
example a in amore luminous space for reading.Toovercome these visual limitation there
are various guidelines that should be considered to ensure that the software is designed
appropriately. Guidelines suggest that the onscreen text should be at least 40pts, the fonts
should not have serifs, italic or other decorative elements, the text should be aligned to
the left, the spacing between lines needs to guarantee fluidity and readability and there
should be high contrast between the background and the text [16]. Titles and labels should
be large and easy to read. Regarding iconography, icons should be easily distinguishable,
the use of abstract concepts or any current graphical conventions associated with the ICT
should be avoided and most importantly, as a failsafe, be composed of a combination of
text plus an image, where the text helps reinforce the meaning of the icon [10, 16]. The
colors are also another important aspect to consider and should be chosen carefully to
account for the limited colors spectrumseniors perceive and the fact that colors never look
alike in different screens. Physical challenges of using technology, skeptical attitudes
regarding the benefits of technology, complex security settings and even the complexity
of basic online services related with social security, finances, or health services emerge
as potentially dissuasion factors for the use of ICT by seniors. To some extent, this
situation may contribute to the seniors’ info exclusion [17].

When working on strategies designed to promote the access of information by
seniors, it is important to understand them and be aware of their information con-
sumption habits. With these concepts in mind, the project +TV4E provides users of
the platform with an alternative way of consuming information with the addition of
a mobile application. The platform was initially designed for the TV as a medium of
delivering informative content regarding social and public services to seniors. In this
paper the inclusion of a mobile application in the +TV4E ecosystem is described. This
mobile application aims to further expand the effectiveness of the +TV4E platform in
delivering information using a mobile companion application and thus better serve the
needs of seniors.

3 Design and Development of the Mobile Companion Application

The design and development of the mobile application was divided into three phases: i)
the definition of the functional and technical requirements, ii) the design of the interface
and iii) the implementation. Defining the functional requirements, was arguably the
most important step in this process, since, it was necessary to find a balance between
the iTV and the mobile application to serve as a complement and not a replacement to
the +TV4E iTV solution. The mobile application was planned to take advantage of the
functionalities available on smartphones (having a keyboard, which allows for easier
typing, touch controls, a microphone, a camera and most importantly being portable)
to enhance the potential of the iTV +TV4E solution. The following set of functional
requirements was defined [10]:
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a) Scan QR codes for a simplified user login
b) Allow the user to access his/her video library
c) Enable the user to watch informative videos on the smartphone
d) Allow the user to select a video and watch it on the TV
e) Allow the user to search videos on his/her video library
f) Provide the user with recommended videos for his profile
g) Allow the user to use voice commands to interact with the TV
h) Include a tutorial to help the users

The +TV4E mobile application was designed to work both: i) as a second-screen
application, for when the user is watching TV at home and ii) as a standalone application
towatch informative videos outside. So the applicationwould allow the user to browse his
personal video library anywhere, thus being fully a functional way to watch informative
videos when he’s away from the TV, but also allow the user to interact with the TV
by using the application to search for and push videos to the TV [10]. Alongside with
the functional requirements it were defined the technical requirements of the +TV4E
mobile application that are listed below [10]:

a) Run on Android smartphones
b) Be able to communicate with the set-top box
c) Be able to access the internet
d) Be able to access the smartphone’s camera and microphone
e) Feature touch controls

In the time frame of this work, it was impossible to develop for both Android and
iOS. In this context, it was decided to develop to the Android platform taking advantage
from iOS either the application needs to be published in the app store or the device
needs to be configured to allow the installation of unverified applications. Furthermore,
Android devices are vastly more common thus facilitating the gathering of participants
to test the application.

The development of the application considered also that the mobile application
should be able to directly communicate with the set-top box in order to function as
a companion application for when the user is watching TV, as well as connect to the
internet in order to stream the informative videos, access the smartphone’s microphone
to record the user’s voice during voice commands and the smartphone’s camera to scan
the QR codes that identify uniquely the user’ set-top box.

After establishing the requirements the design process of the interface began keeping
in mind that the layout should be as simple as possible while accommodating all the
features in a clear and visible way. Simplicity was the focus since familiarity with tech-
nology usually decreases with age and seniors tend to avoid technologywhen the product
is too complicated for them. Individual abilities decline with old age, especially vision,
since the eyes lose its ability to focus quickly or to react to rapidly-changing brightness
it is important to accommodate these limitations in the design. Seniors often also cannot
see thin lines or other fine details in interfaces and have difficulty distinguishing between
similar icons, therefore, the interface was kept as clean and simple as possible consisting
only of two main screens (“Library” and “Recommendations”) the login screen, a menu,
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a tutorial and a total of only three icons. The “Library” screen aggregates all the videos
sent to the user in the last 15 days in a vertical list ordered by the most recent, each video
is presented as a card, similarly to the Youtube™mobile application, containing the title,
the duration, the date it was sent and a thumbnail representing the area of interest of the
video. By clicking on the card, the user is shown an on-screen prompt which asks him if
he wants to watch the video on the smartphone or the TV. Additionally, this screen con-
tains a search bar which allows the user to find videos by their title which is represented
by a magnifying glass icon. The “Recommendations” screen follows the same layout of
the previous screen, however, it displays a maximum of six videos suggested by the +
TV4E recommendation system and it does not feature a search bar since the video list is
much smaller. To implement the login in a simplified manner a QR code was added to
the set-top boxes which contained the serial number of the box, this way if a user needed
to login in the mobile application he would only have to scan the QR code located on top
of the box, thus removing the need to remember a username and password combination.
The menu was positioned at the top of the screen, to avoid having the user accidentally
clicking on it while scrolling, and featured two buttons which served both as shortcuts
to navigate between the two main screens and to let the user know which screen he was
navigating since the selected screen was highlighted. Finally, on the bottom right of the
screen, two buttons were positioned, the “Help” button was represented by a question
mark icon and opened the tutorial and the “Voice” button allowed the user to issue a
voice commands to the ITV application. Figure 1 depicts the basic navigation flow.

Fig. 1. Prototype screens [10].

In order to optimize the skills of developers (they were used to developing Javascript
web applications) it was chosen Ionic framework Ionic to develop themobile application,
an open-source software development kit built on AngularJS, allowing the development
of hybrid mobile applications using web technologies such as HTLM5 and CSS. The
development followed the specifications stated previously, with the two main screens
and a tutorial area, the voice commands were implemented using Google’s Speech to
Text service and the interaction with the set-top box was done by sending HTTP requests
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to the+TV4E web API which then communicated with the box via a socket connection
[10, 18].

In the next section, the methodology used to evaluate the mobile application is
described in detail, going over the objectives of the study, the sample, and the testing
process.

4 Testing Methodology

This paper depicts the inclusion of a mobile companion application and assess its added
value in the already existing +TV4E platform. To accomplish this objective, firstly it is
necessary to evaluate the Usability and User experience of the developed application. To
evaluate these aspects, it is necessary to decide a set of scales that can provide accurate
results in assessing the usability and the user-experience, as well as being appropriate
to be applied with the target demographic. The present section describes this process,
going over the objective, the sample and detailing the entire process.

4.1 Goals

The main goal of this testing procedure was to evaluate the usability and user-experience
of the+TV4E mobile application, which would serve as a companion of the iTV appli-
cation developed under the +TV4E project. The idea of the application was from the
research team, rather than being an idea proposed by seniors during the participatory
design sessions of the +TV4E project. Despite and considering the literature (that
strongly suggests that the best way to develop software solutions for the senior pop-
ulation is to work closely with them) seniors’ opinion was considered along with all the
development process. By engaging with seniors in key development steps it is easier to
create a solution that better suits the needs of this population, which often has difficulties
handling newer technologies.

In terms of functionalities, The+TV4E mobile application serves a similar purpose
to the video library present in the iTV application, which allows users towatch videos on-
demand, thus giving some control over which content the users want to see, as opposed
to the way videos are automatically sent to users while watching the regular television
broadcast in the ITV Application [18]. In both the library and the mobile application,
the users can re-watch videos they already saw or catch up on videos they missed or
ignored while watching TV, however in the latter the users are given a higher degree of
control since they can also watch suggested videos based on their usage of the platform.
These suggested videos are provided by the recommendation system, which is also used
when choosing which video should be sent to each user [19]. Additionally, the mobile
application provides the users with a search feature, allowing them to watch videos
either on their smartphones or in the TV and also to interact with the iTV application
via voice commands. These commands allow the user to perform a very limited amount
of actions, namely selecting the next higher or lower channel, changing to a specific
TV channel given its name or number, and accessing the video library. This feature was
implemented due to the rising popularity of voice assistants in the market, such as Siri,
Alexa and Google Assistant, which made the research team consider including them in
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the mobile application in order to assess how the senior population would react to them
in a TV ecosystem.

However similar in terms of functionality, themobile application greatly differs from
the video library when it comes to its interface and user experience especially since it is
developed on for a different platform with a significantly different interaction paradigm,
therefore the need to perform new tests to validate it with seniors. The key elements in
need of validationwere the navigation, the interface, the voice commands and the general
receptiveness for this technology to be integrated into the +TV4E platform [10].

4.2 Participants

The sample for this study was divided into two groups, a first group to perform a prelim-
inary usability analysis, which aimed at finding key usability issues in the application
[20], and a second group to test the application in a real home environment with the full
+TV4E platform.

The first sample group was composed of five individuals of the Senior University of
Curia, four females (80%) and one male (20%), with an average age of 71.4 years, four
of these individuals completed a higher education degree while the fifth only completed
middle school. The only requirements to participate in this sample were being at least 60
years old, having a basic knowledge on how to use a smartphone since the application
was being designed for users who already use a smartphone on a daily basis, and being
familiar with the+TV4E project. This sample was inquired regarding their smartphone
usage, none of them required help while using their smartphones, four users (80%) used
an Android device while one (20%) used an iOS device and the average time spent user
their phone per day was 1.1 h. Lastly, the participants were asked about which actions
they perform using their smartphones, the results are depicted in the following table
(Table 1):

Table 1. Smartphone usage for the first sample group [10].

Smartphone usage n %

(1) Making phone calls 5 100

(2) Sending text
messages

5 100

(3) Reading news 3 60

(4) Using social networks 2 40

(5) Play games 1 20

As expected all users use their smartphones to make phones calls and send text mes-
sages, however the more advanced features, which require a higher level of proficiency,
were less prevalent in this sample.

The second sample group included four senior participants, three females (60%)
and two males (40%), with an average age of 67.2 years, the average education level
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of this sample was lower with three (60%) of these individuals completed primary and
two (40%) of them completed middle school. The requirements for this sample were
the same as the previous group, being over 60 years old and knowing how to use a
smartphone, except that it was not required for them to already be familiar with the +
TV4E project since this group was going to test the entire platform. The participants of
this sample reported that they used their smartphones for an average of 2.8 hours per
day, 80% of them were Android users while only 20% were iOS users and actions they
reported to perform on their smartphones are shown in the following table (Table 2):

Table 2. Smartphone usage for the second sample group.

Smartphone usage n %

(1) Making phone calls 5 100

(2) Sending text
messages

5 100

(3) Reading news 4 80

(4) Using social networks 4 80

(5) Play games 0 0

Similarly, to the previous sample group, every participant stated that they use their
smartphones to make phone calls and send text messages, however, this group displayed
higher usage of the more advanced features, specifically browsing news and using social
network applications.

4.3 Tests with Users

After the design anddevelopment processwas concluded, the next stepwas the evaluation
of themobile application’s first prototype in a controlled environmentwith a small sample
of five users to find the major flaws in its design. To accomplish this, the application
was presented to the first sample group composed of students of the Senior University
of Curia. The first testing phase was divided into two parts, initially, the application
was presented to each participant which then tested it individually during a cognitive
walkthrough and then all the participants were gathered to discuss their experiences in a
focus group.After this phase, various improvementsweremade in themobile application
considering the data gathered with the first sample group. Finally, the second phase was
conducted in the homes of the second sample group and consisted of user tests in a real
context of use using the entire +TV4E platform, being followed by interviews and a
focus group in the end. The entire process is depicted in Fig. 2 and each of these steps
will be described in greater detail in the following sections.

Controlled Environment Tests. The first phase of tests began by contextualizing the
participants regarding the test they were about to take part in, reminding them about
the +TV4E project (explaning the core idea and remembering the main funcionalities),
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Fig. 2. Mobile application test phases [10].

since all of them took part in previous data gatherings, explaining that their participation
was voluntary and that the data collected would remain anonymous and would not be
disclosed. Afterward, the participants signed the informed consent to take part in the
study and their demographic data was collected, the participants were asked their age,
gender and level of education, followed by a survey regarding their smartphone usage
habits, on which they were asked what device they use, their daily average use and which
tasks they perform regularly with the smartphone (the results of this survey were already
presented in a previous section).

Next, each participant was given a brief explanation of the mobile application’s
features, emphasizing the fact that it mostly consisted of a complement to the iTV appli-
cation they tested previously. Then they took part in a cognitive walkthrough composed
of 14 tasks which aimed at evaluating key aspects of the interface and layout of the
application. The tasks were the following:

1. Open the +TV4E mobile application
2. Read the application’s user guide
3. Login to the application using the provided QR code
4. Access the help menu and review the application’s user guide
5. Count the number of videos in the list “My Videos”
6. Point out when the 3rd video of the list was added
7. Use the search function to search for the video “USF Almada”
8. Watch on the smartphone the video you searched
9. Close the video you are watching
10. Switch to the list “Recommended Videos”
11. Point out the duration of the 2nd video in the list
12. Chose a video from the list and watch it on the television
13. Click on themicrophone button and use a voice command to change the TV channel
14. Use a voice command to access the video library

During the execution of these tasks, a performance evaluation chart was filled out
registering whether the task was successfully completed, the number of mistakes, the
execution time and other usage details. The participants were encouraged to perform the
tasks independently, thus the researcher gave as little instructions as possible and instead
just motivated them to keep trying. However, if the participant decided to give up it the
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solution would be explained to him while he explained why he could not finish the task
since some tasks required the completion of previous ones. After concluding the tasks,
the participants were asked to fill out a Self-Assessment Manikin test.

The test process allowed each participant to test the application individually. Then
all participants participated in a focus group where they were encouraged to discuss
which aspects of the mobile application they considered to need improvements, which
features should be included to this initial prototype and if they found the application
useful or not. The focus group was structured to center the discussion around these three
aspects and included a set of open-ended questions [10]. All the participants were given
an opportunity to express their opinions as well as discuss among themselves their user
experience, this step was considered crucial for this early testing since it provided a very
direct feedback of the main problems found in the application at the moment.

Before the second test phase, all the data gathered was compiled and used to identify
themost recurring problems in the application.Using this results the layoutwas improved
in order to better suit the target audience needs.

The majority of these issues were obtained through direct user feedback while some
of them were inferred by the research team, they were divided into three categories: i)
issues reported directly by the users, ii) issues identified by the researcher during the user
testing and iii) software issues. Among the user reported problems, the most frequent
issue, which occurred in all user tests, was the fact the users were assuming that the
duration of the video was instead the time at which it was added. The majority of users
complained also that it was difficult for them to exit a video they were watching, so a
button was added to the top right corner of the screen with the label “exit” which would
only appear while a video was being played. Also, regarding the video player, it was
decided to remove the player controls and only keep the play/pause function by tapping
the screen since the users frequently clicked on the timeline by accident. The contrast of
the colors was slightly altered to allow for better legibility since some users complained
it was too bright to read. Regarding the buttons, since most users found it difficult to
understand the chosen iconography for the “Help” and “Microphone” buttons, labels
were added to them to avoid confusion. Additionally, the overall size of all buttons was
increased since most users expressed difficulty in pressing them.

By observation of the tests it was made clear that a search bar should also be present
in the “Recommended Videos” list both for consistency and for times when there are
several recommended videos. As far as the tutorial was considered not to be very useful
since it lacked clear instructions on how to use the application’s features, the team
updated it to include close-ups of each function and text clearly explaining each one
[10]. Regarding technical problems, the development team identified some: i) the search
bar did not update when the user pressed the backspace and ii) the “Microphone” button
was not properly requesting permission to access the smartphone’s microphone, needed
for the voice commands.

All the identified issues during this test phase were fixed leading to the second
prototype of the +TV4E mobile application. This allowed the research team to make a
second phase to the mobile application.

Field Trial. The second and final phase of testing lasted for 8 days, during which the
second sample group took part in a field test in their own homes using the entire+TV4E
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platform. Similarly to the previous phase, the objectives of the test were explained to
the participants, they were asked to sign off an informed consent and provided the same
demographic data collected from the previous sample group. Afterward, the research
team installed the necessary equipment for testing the platform, which involved hooking
up the set-top box to a TV, installing a 4G router to guarantee a stable internet connection
and finally installing the mobile application in the participant’s smartphone.

After explaining how the platform worked, especially how the mobile application
worked in tandem with the ITV application, the users were left to test it for a total of
eight days, during this period the research team kept regular contact with the participants
to ensure the system was working properly and provide support if necessary. During this
time the system was keeping records of the videos each user watched, it registered when
the videowas seen,whichmethodwas used forwatching the video, either via notification,
library or the mobile application and the rating given at the end of the video.

On the last day of testing, before removing the equipment from the user’s homes, each
user was interviewed regarding their experience using the+TV4E platform. These were
semi-structured interviews where the participant was encouraged to share any aspects
they either liked or disliked regarding the mobile application and afterward they were
asked the same set questions used in the previous focus group for the sake of having
some consistency in the results.

The final step was conducting a focus group in a similar fashion to the previous
phase, where all the participants who just tested the platform were gathered and asked to
discuss their experiences during the past eight days. This was a structured focus group
and included the following open-ended questions:

1. How did you feel while testing the +TV4E platform?
2. What made watch a notified video or searching for a video on the mobile application
3. During the interviews I understood that you rather use the platform on the television,

why is that?
4. In your opinion which device is easier to use, the ITV or the mobile application?
5. In your opinion what are the main positive and negative aspects of ITV application?

And of the mobile application?
6. Do you have suggestions to improve the ITV or the mobile applications in order to

make it more accessible to seniors?

This focus group was aimed at comparing the ITV application with the mobile
application, which was something being studied in parallel with the interface and user-
experience evaluation of the mobile application, therefore only the answers to the last
two questions were relevant for this study and are going to be later considered in the
final results.

5 Results Analysis

A total of 10 individuals took part in this study which spawned across two testing phases,
during which two versions of the mobile application were tested. The results of these
tests are divided into each of the phases and further by each testing method applied.
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5.1 Controlled Environment

The first phase, composed by a cognitive walkthrough, a user experience questioner
(SAM) and a focus group, allowed to evaluate the first prototype of the mobile
application.

During the tests in the controlled environment it was performed a cognitive walk-
through test allowing verify the main issues concerning the mobile application interface
design [10].

Looking at the results of the cognitive walkthrough, out of the 14 tasks only 5 were
not successfully completed by all the users. Task 1 (Open the+TV4Emobile application)
proved to be problematic mainly due to two reasons: two users complained the icon was
not easy to identify while a third had problems since she was an iOS user and therefore
was not used toAndroid smartphones. The task “Read the application’s user guide” had a
high rate of success, but four users had some trouble understanding they needed to swipe
right to advance the tutorial. All users completed the task “Login to the application using
the provided QR code” contrary to the expectations. Since the process was compared to
taking a photo with the smartphone, the users easily carried out the task. Task 4 (Access
the help menu and review the application’s user guide) displayed the lowest success rate
since three of the five users could not identify the question mark icon as being the help
button. Task 7 (Use the search function to search for the video “USF Almada”) was hard
to complete by three users because they had difficulty typing the title of the requested
video, this can be due to the smartphone used for testing being different to the devices
the users are used to type with. The users had no difficulty in closing the video they are
watching, however, the average execution time was higher than expected since exiting
the video should be a simple task, users reported that using the smartphone’s back button
was not an intuitive way to exit the video since not all smartphones have a back button
and sometimes the button is swapped with the overview button. Finally, concerning the
tasks related with voice commands (“Click on the microphone button and use a voice
command to change the TV channel” and “Use a voice command to access the video
library”) all the users completed them without any issues and with the lowest execution
time .

Finished the cognitive walkthrough a SAM questionnaire was applied. This
evaluation tool focuses on three items, namely pleasure, arousal, and dominance.

Analyzing the results, it is clear that, the users rated the application highly on all three
items, arousal and pleasure were especially high, which can be attributed to the fact that
the users where testing technologies that are still relatively new to them, especially the
voice commands, which all five users later reported to find very interesting. However,
the lowest score in dominance was the main take away from this SAM, which cannot be
dismissed and reflected the usability problems present in the first prototype which are
later mentioned in the focus group.

At the end of this test phase in a controlled environment, all five participants were
gathered for the structured focus group composed by seven questions, allowing a better
understanding of the issues the user had while using the mobile application, as well as
gather suggestions to fix these issues.

Regarding the added value of using the mobile application to stay more informed,
the participants stated that adding a mobile component to the +TV4E platform was a



Evaluating iTV Companion Application with Seniors 173

good idea, while another participant stated that it could be hard for him to use it in his
daily life since he’s not used to mobile applications [10].

In regard to the usefulness of being able to access the +TV4E platform outside of
their homes, the participants said that they found it useful having the platform available
anywhere since they could watch the informative videos as a way to pass the time while
also staying informed [10].

When asked if the mobile application should include more information beyond the
information provided by the videos, seniores replied that it should also contain informa-
tion regarding public transports, namely train schedules, information about the weather,
local shows, and other events. About “Recommended Videos” tab usefulness, users
referred as far as this functionality allows having more control over the videos they can
watch, it represents a positive aspect. Seniors also claimed that the videos should be
recommended based on their search history. About navigation problems some users said
that closing the videos with the backspace was not intuitive and needed to be changed (a
possible solution seems to be a small button on the screen to close the video - the final
solution considered this hypothesis). The next questions were about the font and icons:
the font was considered to be easy to read, however, the users requested that blue colors
used in the menu should have more contrast and that the icons must be made more clear
(using, for example, a description).

The voice commands were considered very useful and more practical than using the
TV remote and all the participants expressed some degree of enthusiasm regarding them.

5.2 Field Trial

The second phase featured four participants and was composed by the field test which
lasted eight days, interviews, a SAM and a focus group, in this phase the participants
tested the second prototype of the mobile application which included changes proposed
by the first sample group.

Platform Usage. Throughout the duration of the field trials, all the videos the partic-
ipants watched were recorded in a database with the intention of comparing the usage
of the platform via the mobile application and the ITV application. The following table
(Table 3) presents the viewing method for each video the participants viewed divided
into three categories, mobile, TV, and library. Mobile refers to videos watched using the
mobile application, which can include watching or re-watching video received on the
TV, as well as watching video from the “Recommended Video” tab, TV refers only to
videos watched after receiving a notification while watching TV, and Library refer to
videos watched or re-watch in the ITV application video library.

As expected, the TVwas the primary method for watching informative videos (65%)
which is normal since it is the main component of the+TV4E platformwhile the mobile
application serves as a complement to theTV.However, the results reveal that, on average,
a considerable number of videos (30%) were watched using the mobile application,
which suggests that the users found this new feature of the +TV4E platform useful,
which was later confirmed by the interviews and the focus group. It is also interesting
that the library was used much less to watch videos (5%) considering it features very
similar functionalities to the mobile application. This discrepancy can potentially be
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Table 3. Field trial platform’ usage.

ID 1 ID 2 ID 3 ID 4 Total %

Mobile 12 3 14 10 39 30%

TV 24 4 48 7 83 65%

Library 4 0 3 0 7 5%

Total 40 7 65 17 129 100%

explained because the users found it easier to navigate their videos using the touch
interface of the mobile application, or because when watching the TV broadcast they do
not want to interrupt it to browse the video library.

Furthermore, it was possible to compare the most popular hours to watch videos on
the TV and on the mobile application, which are represented in Fig. 3. Seen videos on
TV and Mobile.
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Fig. 3. Seen videos on TV and mobile.

Despite the number of number videos watched on the TV being three times the
number of videos watched on the mobile application, the most popular times were very
similar for both viewing methods. These results suggest that users mostly used the
mobile application in tandem with the ITV application, which means they mostly used
the mobile application while they were watching TV, instead of using it as standalone
device outside their homes. This goes against the data gathered with the first sample
which pointed to the mobile application being most useful when the users are away from
their TVs, however it can be since the users did not have enough time to make a habit
out of using the +TV4E platform and often remembered to use the mobile application
while they were receiving videos on their TVs.

Interviews. In the final day of field testing the users were interviewed regarding their
experience with the +TV4E mobile application, these interviews used the same ques-
tions as the first sample’s focus group for the sake of comparison with the previous
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results, which inquired the participants regarding their user-experience with the mobile
application and asked for suggestions to improve the current prototype. The questions
and the user’s replies are presented below:

1. Did you consider that the +TV4E mobile application could be an added value for
you to stay informed?

• “It is very interesting and could be used on a daily basis, however, it greatly depends
on the technological prowess of the senior.”

• “It is useful to stay informed since I always have my phone with me.”
• “The mobile application should include a greater number and variety of news.”
• “It is a good way to stay updated on the news.”

2. Do you consider that being able to access the +TV4E platform outside your home
is useful?

• “It is useful being able to access the +TV4E platform outside my home.”
• “It would be useful for most people.”
• “If you have internet access outside your home it is a good way to stay informed.”
• “Being able to access the+TV4E platform outside my home is the biggest advantage
of the mobile application.”

3. Do you think that the mobile application should include more information, such as
weather forecasts?

• “It should focus only on news content.”
• “It could include information regarding the weather and taxis.”
• “Yes, it should include information about cultural events happening near me.”
• “It does not need any more content.”

4. Do you consider useful having the “Recommended Videos” list?

• “Recommended videos are a useful feature since they provide me with more news.”
• “The recommended video list it’s very interesting.”
• “They are a nice addition since they are not available on the television.”
• “It is a very important feature and makes it more interesting.”

5. Did you have any problems navigating in the application?

• “Did not have problems navigating the application.”
• “Had no problems navigating the application, however, I think the application should
come with an instruction manual.”

• “Had no problems navigating the application.”
• “The mobile application was easy to use.”
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6. Did you have trouble reading the text in the application or understanding the
iconography?

• “Did not have any problems, it was very intuitive to use.”
• “Font was easy to read, did not have any problems.”
• “Had no problems reading the text or understanding the icons.”
• “The icons were easy to understand and the text big enough to read.”

7. Did you find the voice commands useful?

• “I found them useful since I was already used to google assistant.”
• “Sometimes it was useful, however, it didn’t always work properly.”
• “I did not use them very much.”

The most significant takeaway from the results of these interviews was the absence
of complaints regarding the navigation and interface, which were predominant with the
previous focus and suggest the changes made to the second prototype addressed most
of the issues the users found in the application. Furthermore, it is very positive that this
second sample after testing the application for a longer period of time still considered
it a useful component of the +TV4E platform and found its portability an important
asset. The “Recommended Videos” tab remained a welcomed addition to the platform
since it gave the users a bigger sense of control over the platform. The issue that further
divided users were the need to include more information in the application, where half of
them stated it should only include the informative videos the other half claimed it should
include content regarding the weather, taxis and cultural events. This can potentially be
addressed by including the required information in a way that does not interfere with
the current contents, or by including this information in the form of videos which would
blend with the informative videos. Finally, the voice commands were not very popular
during the field trials, aside from one user who was already accustomed to using them
previously, which suggests this feature needs more work in the future in order to be more
appealing to the senior population.

SAM. The SAM scale was applied at the end of the interviews. Figure 4 integrates the
mean average score obtained for each item.
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Fig. 4. Second Phase Self-Assessment Manikin results.
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The results obtained in this second SAM show a significant improvement in the
“Dominance” item, increasing the average by 1.8 points, which can be attributed to the
various improvements and fixes made to the first prototype, which aimed to address
the biggest complains the users had regarding the navigation in the application. The
“Pleasure” item remained roughly the same when compared to the first SAM, dropping
from an average of 8.4 to an average of 8.2, while the “Arousal” dropped from an average
of 8.6 to an average of 7.8, which can be attributed to the fact that the second sample
group tested the application for a much longer period of time and therefore could not
maintain the same motivation throughout the duration of the field tests. The results
suggest that the overall changes improved the usability of the mobile application.

Focus Group. Finally, the users were gathered for a closing focus regarding their expe-
rience with the +TV4E platform, as mentioned previously only the last two questions
of the focus group are considered for the purpose of this study, which inquired the par-
ticipants regarding which aspects they liked or disked about the mobile application and
asked for suggestions to improve the current prototype.

The participants found that despite the mobile application being more practical than
the iTV application its usage will greatly vary depending on the of senior using the
+TV4E platform, implying that only seniors who are already familiar with mobile
applications or are willing to learn will make use of it. The biggest advantage of the
mobile application was being able to watch informative anywhere at any time. They also
stated that the smartphone was their preferred way to look for informative videos they
wanted to watch or that caught their attention while watching TV, therefore the mobile
application somewhat replaced the role of the video library as a way to catch-up on
content they did not watch on the TV. The ability to use the smartphone to watch videos
on the TV was praised for the previous reason when the users where at home they rather
search for a video on their smartphones and then watch it on the big screen. Aside from
the inclusion of more information in application, the only suggestions were the inclusion
of push notifications to notify users when a new informative video was available, which
the users stated would be a good way to remind them to use the mobile application more
often and the addition of an offline mode, so that users could still use the application
when they did not have access to the internet.

6 Conclusions

The challenges and opportunities that come up with the ageing process, both at personal
and community level, are drawing the attention of several sectors of society. Often,
alternatives and solutions are being developed so that ageing is a stage of life marked by
high levels of autonomy. This concern is reflected in the efforts undertaken to develop
active ageing policies, products and services that promote quality of life in older age.
In the last decades, one of the answers to fulfil seniors’ needs are the technological
innovations that have appeared. Although this type of solutions only make sense if the
final user is an active participant in the development solution process, as suggested by
the co-creation process. Thus developing software that caters to the needs of the senior
population should also be guided by this idea.
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Although it is not possible to address the concerns of every senior by keeping the
general interface and interaction paradigm simple it is possible to reach a broad audience
of older adults. In the case of +TV4E mobile application the results from field trial
revealed that many of the issues present in the first prototype were fixed since the results
of field trial pointed towards higher levels of usability of the mobile application. Also,
it was possible to understand that these levels of usability were achieved mainly due to
a design and development process that included target users from the beginning.

Concerning additional features that should be included, some users referred that a
notificationmechanism to remind the users towatch videos theymissed in television or to
alert them that new recommendations available in the “Recommended” tab.Additionally,
the users stated that it would be a suitable way to remind and motivate people to use the
mobile application and not just the iTV application. The voice commands appeared to
be a valued feature. The research team plans to introduce them in the ITV application.

Currently, the mobile application was developed to run on Android smartphones,
however, to make it more accessible the application also needs to be available for iOS
to accommodate iPhone users. Additionally, a version adapted for tablets would also
be interesting since several users who participate in this study reported to use a tablet
regularly and some even reported to use it more often than their smartphones due to the
bigger screen size.

Lastly, an offline mode is also being considered, since currently the application
constantly requires an internet connection for all its features and some users pointed
this issue as a weak aspect since they report that they are not always connected to the
internet. Although this issue was reported as an inconvenience, it is not at all possible to
completely make the application work as planned in offline since the+TV4E platform is
constantly generating new informative content which needs to be updated at least daily.
However, a potential solution to minimize this problem could be having the application
download the informative videos to the device when it is connected to the internet, thus
allowing users to watch them whether they are connected to the internet or not.
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