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Abstract— Self-care is what people do for themselves to
establish and maintain health, prevent and deal with illness. A
clinical guideline is a document with the aim of guiding
decisions and criteria regarding diagnosis, management, and
treatment in specific areas of healthcare. Clinical guidelines
have been in use for thousands of years during the entire
history of medicine. An interesting question arising from these
notions is whether clinical guidelines can be used in self-care to
ensure that the treatment is in line with the medical
recommends. A problem, however, is that the retrieval
methods of clinical guidelines are mainly aimed at healthcare
personnel who are taught to retrieve relevant guidelines. In
order to simplify patients’ tasks in retrieving guidelines, we
have designed an ontology (vocabulary) for annotating clinical
guidelines. A patient can then query clinical guidelines by
keyword expressions, which are intuitive and clear for patients.
Technically annotations are presented according to the
Semantic web technologies, and so they are machine
understandable. Further, guidelines can be retrieved from a
variety of sources within one query. In addition, the system can
be easily extended such that guidelines and other relevant
health-oriented information can be retrieved in a query.
Keywords – Self-Care; Clinical Guidelines; Evidence-Based
Medicine; Semantic Web; SPARQL

I.
INTRODUCTION
Nowadays, health care provision is moving towards selfcare from the physician centric model where the treatment
decisions are made almost exclusive by physicians. This is a
challenging trend as it is estimated that 70% to 95% of all
illnesses could be managed without the intervention of a
doctor [1], i.e., by self-care [2].
To promote self-care some Personal Health Records
(PHRs) already provide links to websites that provide
information concerning patient’s treatment and medication.
However, many patients have regarded these sites to be
overly commercial, and often patients cannot determine the
source of the published medical information [3]. In addition,
browsing these pages has turned out to be long lasting and
frustrating as their provided medical information is not
relevant, is overly specific for patients or is overly superficial
[4].
After all, success in self-care requires patients to have
relevant medical treatment information [5]. Traditionally,
such information is provided for physicians in clinical
guidelines, which are document with the aim of guiding
decisions and criteria regarding diagnosis, management, and
treatment in specific areas of healthcare [6].
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Clinical guidelines are based on an examination of
current evidence within the paradigm of evidence-based
medicine (EBM) [7]. It emphasizes the use of evidence from
well designed and conducted research in healthcare decisionmaking [8]. EBM is one of the most significant
developments in the clinical use of information over the last
decades [9]. Practicing EBM represents a thorough change in
the way that physicians are taught to think and retrieve
relevant guidelines [10].
There are a variety of ways how the digital volumes of
guidelines can be organized. For example, guidelines may be
grouped in an alphabetic order of the disorders they deal
with, grouped by specialities, or grouped by body parts.
Accessing guidelines from such digital volumes have proven
to be easy for physicians and healthcare professionals as
healthcare providers are obliged to know how to find
relevant guidelines.
Instead searching relevant guidelines from such volumes
is not necessary a trivial task for patients. This is regrettable
as clinical guidelines are intended also for patients’ use.
Furthermore, clinical guidelines have special versions for
different user groups.
Our argument is that clinical guideline oriented services
should also provide specific retrieval methods for patients, as
they are not taught to think in accordance with EBM. For
example, a pregnant patient may be interested to know
whether she has some risks in using pain drugs. In this case,
finding relevant information from guidelines dealing with
pregnancy and from guidelines dealing with pain drugs may
be long lasting and frustrating process.
In order to develop appropriate retrieval methods for
patients, we have annotated clinical guidelines by
appropriate metadata items such as keywords and
classification identifiers. A patient can then query clinical
guidelines by Boolean expressions [11] comprising of
operands and operations. The operands are the used
keywords and the operands are typically “and”, “or”, and
“not”. The Boolean model is intuitive and clear. For
example, the query “pregnancy and pain drugs” returns the
guidelines (if any) that are annotated by these keywords.
Another problem concerning the retrieval of clinical
guidelines is that they are fragmented. That is, there are
many sites publishing guidelines, and therefore searching
relevant guidelines from a variety of sites is often hard and
long lasting. In order to avoid such weakness, a key point in
our solution is that in one query patient can retrieve
guidelines located in many web sites. This, however,
requires that all the sites use the same vocabulary (ontology)
and technology in annotating clinical guidelines.
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Technically, in our solution, each site is assumed to provide
a web service that supports SPARQL queries. SPARQL is a
query language developed for Semantic web [12].
The rest of the paper is organized as follows. First, in
Section II, we shortly present the architecture of the system
that we are developing. Then, in Section III, we consider the
Guideline ontology that we use in annotating guidelines. In
Section IV, we give an example of a SPARQL query that
exploits the Guideline ontology in searching guidelines from
two data stores. In Section V, we consider the extension of
the system by medicinal data. Finally, Section VI concludes
the paper by considering our future research.
II.

THE ARCHITECTURE OF THE GUIDELINE SERVER

In our developed architecture, users (patients) retrieve
clinical guidelines through the Clinical Guideline Portal (Fig.
1). The portal provides a set of applications each providing a
specific search method, such as searches based on keywords
or body parts. These applications communicate with the
SPARQL Processor, which access clinical guidelines
through their Web Services.
User
Browser
Clinical Guideline Portal

Application 1

Application 2

Guideline applications

...

Application n

SPARQL Processor

Web Service

Web Service

Clinical
guidelines

Clinical
guidelines

...

Web Service

Web Service

Clinical
guidelines

Clinical
guidelines

...

Figure 1. The architecture of the Clinical Guideline Retrieval system.

A useful feature of the SPARQL Processor is that it is
capable for querying many RDF-formatted [13] data sources
within one SPARQL query.
III.

GUIDELINE ONTOLOGY

An ontology characterizes the meaning of concepts and
their relationships [14. Within computer science, an ontology
is usually represented by using classes, properties, and their
values as modeling primitives [15]. Hence an ontology
provides a systematic way to standardize the used metadata
items [16]. As an example consider our defined Guideline
Ontology, which is graphically presented in Fig. 2.
requires

parentKeyword

keyWord

keywordName

belongsTo

clinicalGuideline

hasKeyword

language

parentItem

isPartOf

name

URL

speciality
specialityName

In this figure, ellipses represent classes and rectangles
represent data type as well as object properties. These
representations are modeling primitives in OWL [17]. Object
properties (e.g., belongsTo) relate objects to other objects (or
to itself, e.g., requires), and datatype properties (e.g.,
specialityName) relate objects to datatype values.
An instance of the Guideline Ontology is presented in
RDF in Fig. 3. RDF is a key for representing machine
understandable data. It is a data model with a variety of
syntaxes for storing data files. By RDF we can express facts
with tree-part statements called as triples. The subject
identifies the thing being described, predicate is a property
name, and object is property value. That is, each triple is
like a little sentence that states a fact. However, RDF in
itself does not bring interoperable semantics. It depends on
the expression power of the used vocabulary. By a
vocabulary we refer to a set of ontologies, which specifies
the used terms and their semantics.
In order to illustrate the dependency of RDF and
ontologies consider the RDF-description (a set of RDFstatements concerning the same subject) of Fig. 3. The
RDF-description states, by using the Guideline Ontology as
a vocabulary, that a guideline named Pregnancy has
keywords pregnancy and pain drugs, and the guideline is a
part of a guideline named gynaecological diseases. That is,
pregnancy is a subclassification of gynecological diseases.
<rdf:RDF
xmlns : rdf=”http://www.w3.org/1999/02/22-rdf-syntax-ns#”
xmlns : no=http://www.helsinki.fi/GuidelineOntology#>
<rdf:Description rdf:about=”pregnancyGuideline”>
<rdf:type rdf:resource=“&po;clinicalGuideline”/>
<no : hasKeyword>pregnancy</no :hasKeyword>
<no : hasKeyword>pian_drugs</no :hasKeyword>
<no : isPartOf>gynaecological diseases</no:isPartOf>
</rdf : Description>
</rdf:RDF>
Figure 3. An annotation of a guideline.

The Guideline Ontology enables to attach parenKeyword
to each keyword meaning that keywords comprise
taxonomies (hierarchies). The logic behind taxonomy is that
when one goes up the taxonomy toward the root, the
keywords become more general, and respectively when one
goes down towards the leaves the keywords become more
specialized [16]. We can also state this in a more formal
way: depending on the direction of the link each link
between a parent and a child node represents a
subclassification relation or superclassification relation. For
example, type 2 diabetes is a subclassification of diabetes,
and diabetes is a superclassification of type 2 diabetes.
Taxonomies can be exploited in searching, if the used
keywords return too many guidelines. For example, we could
replace keyword diabetes by its subclassification type 1
diabetes, type 2 diabetes, or gestational diabetes (a
condition in which women without previously diagnosed
diabetes exhibit high blood glucose levels during pregnancy).

Figure 2. Guideline Ontology.
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IV.

GUERYING GUIDELINES FROM MULTIPLE
DATASTORES BY SPARQL
SPARQL is a query language that is able to retrieve and
manipulate data stored in RDF-format. It was made a
standard by the RDF Data Access Working Group of the
World Wide Web Consortium, and is recognized as one of
the key technologies of the semantic web [18].
A SPARQL query specifies the pieces of data that meets
the stated requirements. The requirements are described with
triple patterns, which are similar to RDF triples but they
include variables to add flexibility in how they match against
the queried data [18].
There is a variety of SPARQL technologies available for
running queries against data both locally and remotely. For
example, SPARQL provides two ways for querying
remotely: using FROM keyword or using SERVICE
keyword. In the former way the FROM keyword names a
dataset to query that may be local or remote file. In the latter
and our used way, instead of pointing at an RDF file
somewhere, a SPARQL endpoint is pointed. An endpoint is a
Web service that accepts SPARQL queries, runs the queries,
and finally returns the result.
Further, Federated Queries in SPARQL allow searching
multiple datasets with one query. For each dataset is created
a subquery which access datasets by using SERVICE
keywords.
To illustrate this, consider the federated
SPARQL query presented in Fig. 4. It accesses two datasets
through SPARQL endpoints. The result of the query is the
union of the results of the two subqueries. The query returns
links (URLs) to those clinical guidelines that are annotated
by the keywords pain drug and pregnant. The query is based
on the ontology presented in Fig. 2 (the prefix no in the
query refers to this ontology).

V.

EXTENDING THE GUIDELINE SERVER

The Clinical Guideline Retrieval System presented in
Section II is focused only on retrieving relevant guidelines.
However there are also websites that have information about
medication, and thus they can provide valuable
supplementary information for self-care. For example, a
patient may be interested to know more about a pain drug
recommend in a clinical guideline.
A problem however is that most health-oriented web sites
are developed only for human consumption, and so they as
well as their metadata is not machine understandable. In
order to transform their metadata in machine understandable
format, we have developed an appropriate ontology (called
Medicine Ontology) for annotating the documents that deal
with medicine.
A portion of the Medicine Ontology is graphically
presented in Fig. 5. In this graphical representation ellipses
represent classes and rectangles represent data type and
object properties. Object properties relate objects to other
objects while data type properties relate objects to datatype
values. Classes, data type properties and object properties are
modelling primitives in OWL.
clinicalGuideline

productInfoUrl

productName

brandName

substitutable
medicine

medicine

price

literal

dealsWith

corresponds

manufcturer

literal

drugId

includes

drug

medical
product
group

companyId
companyName

PREFIX owl: <http://www.w3.org/2002/07/owl#>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
PREFIX no: <http://www.cs.helsinki.fi/registryOntology#>
SELECT ?URL
WHERE
{
SERVICE <http://documentRegistry_A/sparql>
{ SELECT ?URL
WHERE
{
?no:name no:hasKeyword pain_drug ;
?no:name no:hasKeyword pregnant ;
?no:name no:URL ?URL .
}
}
SERVICE <http://documentRegistry_B/sparql>
{ SELECT ?URL
WHERE
{
?no:name no:hasKeyword pain_drug ;
?no:name no:hasKeyword pregnant ;
?no:name no:URL ?URL .
}
}
}

Figure 4. A simple federated SPARQL query.

isSuclassOf

Company

companyInfo

contactInfo

Figure 5. Graphical presentation of the Medicine Ontology.

Note that the Medicine Ontology and the Guideline
Ontology are overlapping in the sense that they both include
the class clinicalGuideline. As a result we can use the
Medicine Ontology in annotating clinical guidelines by
medicinal data. For example, in Fig. 6, the annotation
presented in Fig. 3 is extended by stating that the instance
deals with Aspirin.
<rdf:RDF
xmlns : rdf=”http://www.w3.org/1999/02/22-rdf-syntax-ns#”
xmlns : no=http://www.helsinki.fi/GuidelineOntology#>
xmlns : ro=http://www.helsinki.fi/MedicineOntology#>
<rdf:Description rdf:about=”pregnancyGuideline”>
<rdf:type rdf:resource=“&po;clinicalGuideline”/>
<no : hasKeyword>pregnancy</no :hasKeyword>
<no : hasKeyword>pian_drugs</no :hasKeyword>
<no : isPartOf>gynaecological diseases</no:isPartOf>
<ro : dealsWith>Aspirin</ro :hasKeyword>
</rdf : Description>
</rdf:RDF>

Figure 6. Using two ontologies in annotating a clinical guideline.
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Similar to the extension on Medicine ontology we can
also introduce other ontologies as well. For example,
introducing an ontology for the terms of welfare might also
be useful.
VI.

CONCLUSION

Web-based e-health models and the Semantic Web
support each other: Web-based health-oriented services
provide a new paradigm for sharing health information while
Semantic Web enables the presentation of information in a
machine understandable form. As a result the use of Webbased e-health services is rapidly increasing. Yet, by using
together a variety of services we can still achieve new
services that would not be achievable by independently
working systems. For example, we can achieve new
outcomes by the interoperation of the systems developed for
self-care, welfare, and smart homes. Technically the
interoperation can be implemented by a SPARQL processor.
So far we have used these technologies in developing a
patient-friendly retrieve method for clinical guidelines. We
have also extended this solution by the services that provide
information about medicines. In our future work we will
consider how the information of clinical guidelines,
medication, welfare and smart home can be used together in
developing new services.
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Abstract— In many industrialized countries, such as the
Scandinavian, one of the main goals for eHealth innovation is
to use information and communication technologies to avoid
the approaching inflection point in healthcare: it is estimated
that by 2025 the demand of care could not be sufficiently
attended based on today’s healthcare delivery. eHealth services
and business models for enabling older people in need of care
and patients with chronic conditions may increase efficiency of
healthcare and improve Quality of Life for residents. However,
eHealth business models are known by their fast speed of
change, what results in the need of a methodology to rapidly
adapt technical requirements to these typical inter-agency
changes. This work presents a research roadmap for
collaborative eHealth Service Architectures for homecare. The
research focused on the business requirements in service
architectures (eBusiness, Enterprise systems), whose findings
can inform eHealth research in general, health professionals
and vendors.

research in eHealth service design, especially in homecare,
see Fig. 1. In this first paper, the authors reviewed the
literature related to (e-)business models and eHealth to then
offer propositions on service design.

Keywords-eHealth; Service architecture; Business models;
Enterprise systems; technology innovation; technology adoption.

I.

INTRODUCTION

In many industrialized countries, such as Norway, one of
the main goals for eHealth innovation is the use of
information and communication technologies (ICT) and
information systems (IS) to avoid the inflection point in
healthcare: it is estimated that by the year 2025, the demand
of care could not be sufficiently covered based on today’s
healthcare delivery [1]. Change and innovation are needed
for treatments maintaining the quality of care within
assigned budgets, where the resources needed transcend
those of one singular organization. Technology that helps
people with care needs to stay safely, longer at home and
out of institutions and hospitals may be a strategy to reduce
the total healthcare costs of society [2].
The authors present a roadmap for service design and
architecture development in collaboration across
organizations in healthcare. The research focuses in the
home care, leaving clinical care outside the scope of this
study. A challenge associated to the home care is that it
presents a broad spectrum of user requirements within the
same information technology (IT) infrastructure. Research
in eBusiness models may inform future strategies and
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Figure 1. eHealth ontology, teleology and scope of the research

Studies of stakeholder requirements in eHealth
innovation and pre-procurement [3] underline the need for
increasing stakeholder involvement. Furthermore, design
principles for business models that can facilitate such
involvement are here elicited. The need in homecare is to
develop an adaptive framework that allows front-line
personnel (e.g., nurse, general practitioner) and other endusers to dynamically manage and (re-) configure business
processes, patient services and health treatment clinical
pathways, with the purpose creating service-oriented
solutions whose core elements are patient autonomy and
interactivity.
The authors have designed a three-step research
roadmap with a peer-reviewed research article associated to
each step (see Fig. 2). This article represents the first step,
where we present the literature review on (e-) business
models in the domain described followed by general
business propositions. In the second step, a case study on
the process of eHealth innovations will serve as a test of the
elicited general (e-) business propositions and requirements
of a design-process through action research in projects in a
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Living Lab research methodology. In the third step, we seek
to generalize the findings from the second step into a unified
architecture or design model: an innovation and preprocurement roadmap towards a technical architecture for a
dynamic service management infrastructure that meets these
requirements, enabling co-creation of eHealth services with
end-users. Our level of analysis in the organization varies
with each step. In the first one, we take a holistic view of the
business model. In the second one, we focus on transitions
in end-users’ life, downstream activities and their
consequences for collaboration with eHealth technologyvendors. In the third one, we apply findings from the two
previous steps to induce a general design model for the
architecture of ICT applications and infrastructure
integrations, see Fig. 3 at the end of this article.
The main research question in this article is to find in the
research literature general business requirements that
influence eHealth services in home care. This lead to the

Figure 2. Research design, steps and expected research outcomes

two research questions addressed in this paper:
RQ 1. What are the business requirements for Enterprise
Systems that create value for users in the context of
eHealth?
RQ 2. What are user preconditions to gain benefits from
new Enterprise Systems and increase efficiency and quality
in eHealth adoption?
The paper is structured in different sections. A
theoretical framework is presented in Section 2. The method
employed is described in Section 3. Section 4 presents the
results, with the answers to the research questions. The
paper ends with the conclusion and future work in Section 5.
II.

THEORETICAL FRAMEWORK

There is a variety of business models, but Hwang
proposes three main types or business model templates that
explain the business processes of modern enterprises better
than the traditional Value Chain model of the firm [4] does
alone [5]:
1. Solution shop. A place where customers describe
their problem and it is fixed. For example, general
practitioners and hospitals curing patients.
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2.

Value-adding process (comparable to the Value
Chain) typical of manufacturing enterprises;
comparable to Porters’ [4] model of the firm. For
example, pharmaceutical producers.
3. Facilitated user networks (Value Networks) to
connect users and services. For example, different
web communities (most communication- and
internet-based businesses fall under this category).
With regard to these models, Hwang [5], building on
works by Stabell and Fjeldstad [6], states that the facilitated
user network is under-represented in the health sector—and,
thus, represents growth potential: as more businesses move
online, facilitated user networks represent a business model
template of increasing significance, including eHealth. Thus
the authors will explore these concepts further in relation to
eHealth service architecture. Frameworks for analyzing
value creation in e-Business (e.g., Amit and Zott, [7]) are
relevant for understanding the eHealth landscape because
many eHealth systems contain elements of e-Business
models which belong to the category of Value Networks.
Amit and Zott’s [7] e-business value creation model
categorizes the sources of value creation into four main
groups: efficiency, novelty, lock-in and complementarity.
These groups are relevant to e-business models that often
implement instances of the facilitated user network
archetype of business models, and inter-organizational
process collaborations. According to Amit and Zott,
efficiency has been one of the primary driving forces for the
transition to a more digital economy in all phases of the
transaction. Complementarities that arrive from the bundle
of goods provide more value to the users than the sum of
values provided by each good alone. Complementarity and
novelty imply collaboration and innovation—both themes of
significance in healthcare. Novelty means that there is a
“first” here, either in the service itself or in the way that it is
conceived or delivered. Combining or connecting two or
more previously unconnected parties, domains or methods
often achieves this. A lock-in value is created through users’
reuse of one-time transactions costs (e.g., for registration
and service customization).
Seddon et al [8] proposed a model that explains how
organizations, such as municipalities, can overcome
organizational inertia and successfully adopt new enterprise
systems and obtain benefits, e.g., quality and efficiency.
Enterprise systems support processes, information flows,
reporting and business analytics within and between
organizations and individuals. Specifically, these processes
support organizations’ business models. Business models
are models of how enterprises create value for themselves
and other, while also capturing value. An organization can
have more than one business model, and business models
can include more than one organization.
Since RQ 2 aims to explore the affordance of ES in
realizing emergent business models in eHealth, the authors
have chosen to use Seddon et al.’s model of key factors
affecting Organizational Benefits from ES (OBES) [8]:
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1.

Short term/On-going business improvement
projects:
a. Functional fit (FF)
b. Overcoming organizational inertia
(OOI)
2. With the addition of long-term organizational
benefit factors:
a. Integration
b. Process optimization
c. Improved access to information
Functional fit of software means that the processes
supported by the ES are efficient and effective for the
organization and that they help people to finish their tasks.
Overcoming organizational inertia is the extent to which
organizations’ members are motivated to learn, use and
accept new systems. Integration refers to the unification of
systems and/or data from resources within and outside an
organization. Tailoring the information systems to an
organization’s goals help to achieve process optimization.
This often necessitates improved access to information.
III.

METHOD

The authors searched through scientific literature about
business models in eHealth using Amit and Zott’s
framework [7] for value creation in eBusiness to answer RQ
1., and conceptualize the requirements. Then, we analyze
concepts found in the review with the model proposed by
Seddon et al [8] to answer RQ 2., and produce general
propositions for information system design with special
regards to primary care and homecare.
The literature search was performed in spring 2014
using the search engines ProQuest and EBSCOhost. The
search engines targeted science and social science
disciplines. The authors used truncations *health* AND
(*ecommerce* OR *reward*) AND “business models” in
the search terms. The search included scholarly papers and
trade journals, choosing to include the latter due to the
“newness” of the area in explored. The authors found 286
papers that matched the search criteria. However, a
screening showed that 246 of the found papers were not
related with eHealth business models. These papers were
excluded. The excluded papers were concerned with topics
such as: clinical trials, environmental issues, other nonhealth-related issues and management issues at large.
The remaining 40 papers (34 found through ProQuest
and 6 found through EBSCOhost) were rated as relevant to
the research topic and, thus, analyzed. A table showing the
results and list of the searched and reviewed articles is
included in the appendix.
IV.

RESULTS

A. Answer to RQ1
This section shows the findings from the systematic
literature review (for details, see appendix), which were
aggregated and conceptualized following the guidance of
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Webster and Watson [9], and then sorted according to Amit
and Zott’s model. The authors added the category “Other”
to collect concepts that were not easily sorted under Amit
and Zott’s four main sources; these were predominantly
societal and public policy factors. These other sources
stemmed from the special public or semi-public financial
context of eHealth in countries like the British and
Scandinavian.
1) Efficiency concepts
Easier scaling and sharing: new eHealth concepts
leverage the efficiency and cost-flexibility of cloud
computing. Cloud computing facilitates the use of
intelligent algorithms to detect heightened risks of
worsening conditions and supports the triage classification
of patients (triage is an assessment of urgency of treatment).
Such capabilities can be shared and utilized by several
organizations. Standardizations and reductions in the
number of product lines greatly reduce overhead cost ratios.
Companies must defend low costs against overly
personalized service.
Transaction cost efficiency: through e-business’
transaction efficiency, doctors can now charge costs
associated to phone calls and online consultation. Cloud
computing also creates the opportunity for self-service
solutions. Online solutions also enable easier care and
quality coordination.
Easier sourcing: cloud services provide easier
possibilities for sourcing support functions (e.g., system
running).
2) Novel concepts
Rapid customization and co-innovation: the cloud model
allows for rapid prototyping and innovation in processes,
products and services. Co-innovation and co-creation
generate new organizational and shared values. Surplus
innovation can be sold-off, generating rent (commercial
profit). Moreover, the possibility of doctor “visits” via
secure video-conferencing enthuses patients. Partnerships
with educational providers provide focused and
personalized professional training.
3) Lock-In concepts
Revenue and reward splits: cloud services can store user
preferences, which can enable product and service
customization. Offering consumers, a choice of market
channels can be mutually beneficial for all channels, due to
the aggregation of products and services. For instance, the
Hello Health website [10] negotiates a revenue split of
subscriptions with physicians. Sharing information across
organizational borders creates better possibilities for
personalized health coaching.
Fun and belonging: online solutions can leverage the
network and “gamification” (i.e., comparing progress with
peers) effects of social media. Algorithms for the content
and sentiment analysis of entries in online communities can
suggest alternatives or interest groups that might be
beneficial to join. Corporations should link medical plans
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for employees with corporate strategies, which could, for
example, reward the use of fitness facilities and programs.
4) Complementarity concepts
Aggregating services: Internet offers possibilities for
aggregating and sourcing services and finance. For instance,
a combination of many travel-related and medical
businesses and services can facilitate medical tourism).
Shared development risk: alliance management
capabilities have positive effects on research and
development capabilities. For example, in targeted
medicine, there is a call for cross-business collaboration.
Targeted medicine makes it possible to treat rare, previously
untreatable conditions; however, the cost per patient is high,
and some governments may refuse reimbursement. By
reducing development time through improved collaborations
between test laboratories and pharmaceutical companies,
targeted medicine can be achieved at manageable costs.
Pharmaceutical companies must learn how to fit into other
companies’ business models. All actors need to be satisfied,
for example with “win-win” scenarios.
Management coordination: primary and secondary care
must be better coordinated. Companies’ external and
internal resources must be aligned in order to facilitate the
internalization of knowledge. Many user networks’ business
models are without profit or low profit; however, as a
potential source of empowerment of patients, they represent
ideal opportunities for business models for treating chronic
diseases. These are costly treatments and are not well suited
to the traditional business model of hospitals and
physicians.
5) Other effects: Public and Societal concepts
New reimbursement schemes for better coordination:
payment models in health should encourage coordination.
Reimbursement models should encourage preventive
measures, such as Healthy Outlook [11]. They should also
reward the results of coherent treatment over “pay-perconsultation” systems. New reimbursement schemes may
pose new challenges for financial reporting.
Knowledge management: knowledge benefits from
exchange, rather than protection. The best “players” build
“invisible” information infrastructures for developing, for
example, cancer-focused IT system and evidence-based
medicines.
Ethical compliance: Ethical compliance management is
of growing significance in a changing eHealth business
environment. Better management can be achieved through
collaboration and democratic governance.
B. Answer to RQ2
Based on the business concepts induced from literature
and rendered in the previous section, the authors propose the
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following propositions as design principles for a Municipal
eHealth architecture:
Proposition 1. Shared e-commerce solutions: Ecommerce solutions shared among collaborating partners,
such as Hello Health [10], enable easier scaling and sharing,
greater transaction cost efficiency and easier sourcing of
non-strategic support functions, such as system running
(i.e., application-server management). Shared e-commerce
solutions support short-term functional fit and long-term
business
benefits,
providing
integration,
process
optimization and improved access to information.
Proposition 2. Co-creation with partners and clients (and
patients): by providing customers and partners alternatives
for customizing their services and by encouraging and
proactively collecting feedback on services, it is possible to
distinguish patterns that provide an impetus for improving
services and creating new ones. Co-creation may produce
positive short-term effects and long-term effects.
Proposition 3. Aligning internal and external resources:
to overcome organizational inertia, structural changes may
become necessary. Internal organizational resources should
be dedicated to match external resources (business partners)
in order to extract and embed external knowledge within an
organization. This process is linked to propositions 4, 5 and
7.
Proposition 4. Aligning price and reward (bonuses and
revenue sharing): aligning rewards and bonus schemes
through the delivery chain and throughout user levels
encourages the achievement of goals for treatment and
health policies.
Proposition 5. Iterations for the economic alignment of
interests: throughout a delivery chain, there is information
asymmetry with regard to knowledge of processes and costs.
Over time, all actors in the chain experience a learning
curve; thus, collaborative iterations are needed to optimize
business processes and to maintain win-win situations
throughout the delivery chain. The role of ES is to provide
accurate, reliable and comparable data for collaborative
decision-making, thereby stimulating and supporting
organizational learning.
Proposition 6. Social media integration and capabilities:
to ensure that users and patients choose digital solutions and
achieve the efficiency benefits that such solutions provide,
the digital solutions should ideally be socially oriented and
easy and fun to use. Gamification allows users to compare
their personal data in fitness or treatment programs—and,
thus, encourages and motivates users/patients to adapt and
use solutions. Gamification can be developed and stimulated
through social networks. Actors in healthcare (e.g.,
hospitals, primary care) need to develop their social media
strategies [12].
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Proposition 7. Alignment of incentives: a strong
reallocation of Intellectual Property Rights and revenue
sources may be necessary to encourage more efficient
research and development and to achieve joint goals for
development, thereby lowering the costs of new treatments
(e.g., targeted medicine). Increased use of public-private
collaboration contracts around research and development
might be potentially considered.
Proposition 8. Transparency (sharing information across
different levels): often, the patient is not the one who pays
the full price for a medical service. In many economies, the
state or voluntary or compulsory insurance or company
medical plans pay for such services. Demographic changes,
combined with improving treatment options, have led to
rising costs of healthcare. To counter this, reimbursement
schemes increasingly seek possibilities to pay for results
rather than consultations. For health providers, this calls for
increased information sharing, and transparency of
treatment results. This proposition is linked to proposition 9.
Proposition 9. Linking performance measurement and
finance: the enterprise/planning systems of medical
providers and vendors must increasingly be able to provide
data for quality performance and financial performance to
both the market and the government. Business intelligence
and balanced scorecard systems are needed for quality and
performance management, and they can be directly linked to
reimbursement schemes in the future.
Proposition 10. Democratic governance: ethical
compliance is gaining importance in many areas, and it has
great significance in eHealth [13]. A proactive strategy for
compliance management, involving consistent policies for
handling legal, quality and treatment deviations or
complaints, including privacy and security issues, may
benefit an organization in the long term. This may help
overcoming barriers to e-Health adoption [14]. Actively
involving users and employees in this work through
democratic governance can enable such a result [13].
V.

Figure 3. A general model of Municipal/Homecare eHealth Service
Design: Level of analysis in each research step

(Software as a Service, cloud computing solutions) will also
be explored.
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Abstract - In this study, four children with rare, epileptic
condition
including
intellectual
disability
were
interdisciplinary assessed in the National Center for Epilepsy
(SSE). The results of the assessments were communicated to
the children`s local support service using videoconference (VC)
with the parents present. The purpose for this study was to
obtain a deeper insight into parents` experiences with
information exchange using VC. Methods: In-depth interviews
were performed with five parents within a week after the VC.
The generated material was analyzed with a thematic
hermeneutic research approach. Results: The local
participation increased from 2-6 in traditional face-to-face
meetings to up to 22 participants in the VCs. The parents
described how the increased participation ensured a direct,
oral information exchange that prevented treatment
misunderstandings. The parents were relieved from the
responsibility to inform all professionals involved in the local
community. In addition the parents suggested this increased
the multidisciplinary collaboration and facilitated a
comprehensive approach to the children`s complex situations.
The parents experienced increased user-involvement in the
process of arranging the VC compared to traditional face-toface consultants. Some parents had started to initiate VC
themselves. Conclusion: VC was considered a more potent tool
for information exchange between providers than face-to-face
meetings due to the increased local participation and that
everyone was assured to get the same information
simultaneously. However a crucial prerequisite seem to be that
the professionals from the tertiary health service had clinical
knowledge of the child and tailored the information exchanged
according to each child and family`s needs.

assessment- and treatment service for people with rare
epileptic conditions. A disease is defined rare in Europe
when it affects less than1 in 2000 of the general population
[4]. Each condition affects the patient individually and there
is a need for tailored treatment. SSE, together with The
National Center for rare, epilepsy related disorders (NK-SE),
are legally required to educate the patients, their relatives,
and the patient`s local support service in order to ensure
optimal treatment [5][6]. Norway is aerially a relatively large
country
with
a
widely
distributed
population.
Communication between patients and providers using VC
bridge geographical distances and thus holds the potential to
be cost-efficient with a broader multidisciplinary scope for
information exchange than traditional face-to-face
consultants [7]-[10]. Although SSE and NK-SE increasingly
use VC to exchange information as an alternative to
traditional face-to-face meetings, scant attention has been
paid to the parents` experiences with VC as an arena to
exchange information about their child`s condition and care
[11]-[13]. There is a need for a deeper understanding of how
parents of chronic ill children experiences information
exchange using VC. A deeper insight into the parents`
experiences may have implications for adjusting standard
practice to better meet their needs. The findings are likely to
be transferable beyond the current context.

Keywords-Parent; chronic disease/illness; epilesy; disability;
videoconference; patient education.

I.

INTRODUCTION

Epilepsy in combination with disability is a condition
that causes various needs for long-term multidisciplinary
support. Research show that parents with chronic ill children
experiences the lack of information exchange between the
child`s providers as one of the main stressors leading to
inadequate treatment of the child [1]-[3]. Among other
services SSE provides a nationwide and interdisciplinary
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II.

INTERDISCIPLINARY ASSESSMENT

An interdisciplinary assessment in SSE normally
contains 17 days of hospitalization. According to each
child`s individual need, this might include a medical
assessment performed by a pediatrician and a nurse specialist
in epilepsy, a cognitive assessment performed by a
psychologist and a special educator, a motor assessment
performed by a physiotherapist and an occupational
therapist. The parents also have the opportunity to consult a
social worker while hospitalized for advice concerning legal
rights for benefits and support. At the end of the
hospitalization the results of the assessment, along with
recommendations for treatment and educational interventions
are communicated to the parents and the child`s local support
service either in a meeting face-to-face at SSE or using VC.
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III.

VIDEOCONFERENCE

VC is a virtual way of meeting that can be used to
exchange information, and provide support and care. The
security of sensitive information is ensured through the
Norwegian Health Net [14]. In this study the local
participants met in VC rooms at the municipal Labour- and
Welfare departments. The professionals from SSE or NK-SE
participated from a VC-room at Oslo university Hospital.
The VCs lasted from 1, 5 to 2, 5 hours.
A. Participants in the VCs
The parents participated in the VC concerning their
child. They had the choice whether to participate while
hospitalized at SSE or at home after discharge. The
multidisciplinary professionals responsible for assessing
each child participated from a VC-room at SSE.
The special educators responsible for the educational
assessment were responsible for arranging the VC in
cooperation with the parents. The parents decided whom to
invite locally. The local participants were multidisciplinary
supporters from the children’s local support service.
According to each child`s individual need, that might
include teachers and assistants, municipal physiotherapists,
health visitors, representatives from the municipal
educational and psychological counseling service, social
educators and assistants from respite care-homes. In one VC
a grown up sibling, an aunt together with representatives
from the municipal Labour-and Welfare department
participated.
B. Content of the VCs
The results from the interdisciplinary assessments,
together with treatment options, were presented and
discussed with the local participants in the VC. Another goal
for the information exchange was to discuss possible
facilitation of the child`s environment to prevent seizures,
contribute to optimal development and quality of life. The
parents were present in the VC. According to practice they
were informed about the results of the assessments in
advance of the VC.
IV.

METHODS

The empirical material stems from in-depth interviews
exploring the parents’ experiences of the VC. The thematic
hermeneutic analyses of the interview identified several
themes of which three is presented in this article.
A. Inclusion criterions
The parents participating in the study have a child aged
5-12 with a rare epileptic condition that include moderate to
severe intellectual disability. The study included 5 parents
who`s child had recently undergone an interdisciplinary
assessment at SSE followed by an information exchange
with the local support service using VC. In order to provide a
nuanced description of specific cases, the parents fitting the
inclusion criterions were strategically chosen consecutively
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as they were admitted to SSE. Only one parent had
experienced information exchange using VC at SSE before.
Three of the parents had experienced multiple traditional
face-to-face meetings in SSE exchanging information with
the child´s local support service. One of the children had
been hospitalized in SSE for the first time.
B. Collecting of data and analyses
In-depth interviews were performed with four mothers
and a father within a week after the VC. The interviewer did
not attend the VCs. The interview guide had few and open
questions that aimed to explore how the parents experienced
the use of VC for information exchange. The interviews
were transcribed verbatim and analyzed with a thematic
hermeneutic research approach [15]. Three of the initial
themes identified were: A) VC an efficient tool to exchange
information between multidisciplinary providers B)
Increased parental control and involvement C) The impact of
the relationship with the professional arranging the VC.
V.

FINDINGS

In the following, the results from three of the identified
themes will be presented.
A. VC an efficient tool to exchange information between
multidisciplinary providers
In the VC there were from 10 to 22 local participants
compared to 2-6 in former face-to-face meetings at SSE.
According to the parents, the direct information exchange
and discussions between the professionals prevented
treatment misunderstandings that occurred when the local
support service only received written reports. In addition,
the parents experienced an increased multidisciplinary
collaboration that facilitated a comprehensive approach to
the child`s complex situation. Finally the parents saved time
not having to attain meetings explaining the reports from
SSE to the local providers.
B. Increased parental control and involvement
The parents experienced increased control and userinvolvement in the process of arranging the VC. As almost
all the invited local professionals participated, the scope for
the information exchange widened. Some of the parents
actively used the VC as an arena to inform not only the
providers of care and education, but also other providers
like social workers, family members or the principal on the
local school. Some parents had started to initiate VC
themselves by contacting personnel at SSE or NK-SE.
C. The impact of the relationship with the professional
arranging the VC
The parents suggested that the positive and trusting
relationship they had established with the professional
arranging the VC was important for the quality of the
information exchange. They also considered it crucial that
the professional from SSE and NK-SE had clinical
knowledge of their child in addition to special scientific

12

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

knowledge of the rare, epileptic conditions in order to tailor
the information to the child and family`s needs.
VI.

DISCUSSION

For the parents in this study the most important issue was
that the VC increases the local participation. The increased
local participation enabled a direct information exchange
between providers from different levels of the health
service, school and social services in a way that would not
have been possible without this technology. Thus The VC
offers an arena for the participants to relate, share
experiences and co-shape their knowledge of the child´s
situation and needs. The possibility for the local providers to
ask clarifying questions directly to the professionals
prevented misunderstandings in the follow-up treatment.
However, this outcome seemed to depend upon the
quality of the interaction created between the participants in
each VC. As the interactions in the VC are dynamic, the
parents experienced the quality of the interaction differently
from each other. To ensure that misunderstandings in the
follow up treatment are prevented, the participants need to
contribute and ask question – this requires a dialogue.
Without dialogue the VC becomes an arena simply for
information transfer – not for information exchange.
Whereas some of the VCs in this study seem to have a
relaxed ambiance where the local participants asked
questions and contributed, others seem to have been tense,
with less interaction. The parents suggest the local
participants might feel insecure talking in the virtual space
in front of a camera with the whole local support team
present. The VCs with the most dialogue seemed to be the
ones were the participant communicated at regular basis
using VC. The communication in the VC where the
participant met for the first time a mother described as “a
monologue.” In this VC the local participants listened
without responding. If the local providers do not provide
any feedback, it is impossible for the participants from SSE
or NK-SE to correct potentially incorrect impressions. Thus,
it is possible that the VC might create, not prevent,
misunderstandings.
The parents’ relationship with the providers seemed
important for their experiences of the quality of the
information exchange. It seemed crucial for the parents to
have a trusting relationship with the professional arranging
the VC, and for them to share the same opinion regarding
the child`s condition. According to the parents, the
professionals organizing the VC recognized and used the
parents’ experiential knowledge of the child as a basis for
the information exchange. The parents’ opinion and the
professionals’ clinical understanding of the child´s situation
seem to have united during the hospitalization in SSE/SS.
The parents explained that they trusted the professionals
at SSE or NK-SE to describe the child`s needs in a tailored
way. They also appreciated the way they were included in
all stages of organizing the VC. This, and the fact that they
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decided whom to invite locally, seemed to increase the
parents’ sense of control of the information being
exchanged in the VC.
The parents also appreciated that the child was
interdisciplinary assessed during one hospitalization. This
facilitated a comprehensive approach to the child and
family`s needs.
VII. CONCLUSION AND FURTHER WORK
The parents considered the VC a more potent tool for
information exchange between providers than face-to-face
meetings due to the increased local participation. However a
crucial prerequisite seem to be that the professionals from
SSE and NK-SE had clinical knowledge of the child and
tailored the information exchange according to the child and
family`s needs. In this qualitative study the sample was not
designed to be statistically representative. However the
findings are consistent with other research concerning the
use of VC in information exchange for patient with longterm conditions [7]-[10], [16]. The importance of a trusting
relationship between the patients and the providers for the
interaction to be successful is also consistent with previous
research [17][18]. There is a need for further studies of the
conditions that needs to be present in order to ensure the
quality of the information exchange using VC. The longterm effect on the treatment of the child and whether the use
of VC reduces hospitalizations also needs to be investigated.
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Abstract—The paper proposes new design directions, using a
Kansei Design approach, of the mechatronic hospital bed made
by the Pontifical University Catholic of Peru, and analyzes the
Kansei aspects of the overall user experience. Implementing a
semi-autonomous, easy to use adjustable bed, not only facilitates
the work of medical personnel, but may improve the recovery rate
of patients by boosting their emotional state by enabling mobility.
It is suggested to correlate the personality of the users with the
impressions of this medical bed to find if using a mechatronic
system is suitable for all patients.
Keywords–hospital bed; kansei design; rehabilitation; user experience; emotions.

I. I NTRODUCTION
The technology developed in the past years has eased the
advancement of automation in different areas, meaning that
the quality of life of humans could arguably improve. In spite
of that, there are concerns that automation will dehumanize
certain procedures or could be misused and abused if not used
correctly [1]. In response to this, researches and developers
are starting to apply Kansei Design approaches to consider
human factor, with a focus on human emotions, as the core
when designing a product. The use of ’kansei’ (a Japanese term
that conveys the meaning of affection, emotion, aesthetics, and
related terms) as the base for developing a product, aims to
improve the synergy between humans and objects [2].
In health-care, automation aims to be beneficial for both
patient and caregiver. In this regard, the evolution of adjustable
beds, commonly known as hospital beds, plays a key role in
any medical institution. From the traditional mechanical and
electromechanical beds (controlled by handles or buttons that
are cumbersome to operate), to the most advanced automated
medical beds (embedded with sensors, actuators and a central
processing unit), the goal has been to provide movement and
comfort to bedridden patients.
Nevertheless, it is of the uttermost importance to take into
account injuries caused by prolonged lack of movement, such
as skin pressure ulcers, and reduce the risk of death by sleep
disorders, like sleep apnea, while relieving caregivers of workrelated stress. In this sense, the University of New Hampshire
developed a medical bed [3] that monitors the patients’ blood
pressure and breath rates in real time to react to possible
complications. Moreover, beds that monitor temperature and
spatial location of the patient [4] can prevent skin injuries,
while systems with pressure sensors [5] help for apnea sleep
disorder. Following this trend, hospital beds as those produced
by EPOSbed project [6] or Stryker [7] implement mechatronic
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systems to ease the workload on the caregiver and yield more
freedom to the patient.
In addition, to complete and complement the aforementioned researches and projects, the Pontifical Catholic University of Peru developed a mechatronic SmartBed [8] with these
considerations in mind. However, most of these developments
mainly focus on the technical features and usability of adjustable beds rather than the user experience and ’kansei’ of
the patient, the caregiver, and those members related to the
bedridden person.
Therefore, based on this [8] previous research, this paper
discusses the developed mechatronic hospital bed from a
Kansei Design perspective and proposes improvements on
its design. The structure of the document is as follows. In
Section I, the State of the Art development of hospital beds
are introduced. In Section II, the general characteristics of the
SmartBed [8] are presented. Section III details the experimental procedure and obtained results, next to the analysis and
discussion in Section IV. Finally, in Section V, the conclusions
of this research are laid out.
II. M ECHATRONIC S MART B ED
The following section briefly describes the characteristics
of the mechatronic SmartBed show in Figure 1.
1) Mechanical Specifications: This hospital bed can be
adjusted to seven standard medical positions, namely: trendelenburg, anti-trendelenburg, fowler, gatch, self-contour, lateral,

Figure 1. Mechatronic SmartBed.
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Figure 4. User Experience Survey
Figure 2. Smartbed User Interface

and flat. To achieve these shapes, four linear actuators act
as pillars, while two linear actuators control the angle of the
header and footer.
2) Electronic Specifications: Several sensors measure the
weight, position and shape of the patient, while synchronizing
these data to a web-based database. The bed itself communicates wireless to a tablet, where doctors and caregivers are
able to manipulate the medical bed at ease.
3) Interface Design: All collected data is synchronized and
stored on a web server in order to be accessible anywhere
with an Internet connection. In this manner, family members,
as well as medical personnel, can keep track of the patient’s
condition in real time. The interface is presented on a tablet
and uses icons to control all motor functions of the hospital
bed, as shown in Figure 2, while providing processed data
from sensors. The tablet can only control paired beds, so as
to avoid misuse or hacking.
III. E XPERIMENT AND R ESULTS
A. Experiment
As stated in [8], the carried out user study had two
objectives: 1) confirm the functionality of the system, and
2) evaluate the users’ perception of the interface. In this
regard, the focus of this paper will be to discuss the later.
To accomplish the objectives, 20 participants from 17 to 28
years old tested the adjustable bed, as shown in Figure 3, and
filled a survey that encouraged the participants to think of the
system as a robot.
The procedure for the experiment went as follows:

Figure 3. SmartBed during the experiment
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1)
2)
3)
4)

Training (1 min) - participants laid down on the bed
and were given instruction on how to navigate the
user interface.
Predefined sequence (2 min) - participants experienced automatic movement of the SmartBed.
Free control (3 min) - participants freely interacted
with the interface.
Questionnaire (4 min) - participants filled out a
questionnaire

For the survey, the following items were asked and answered with a scale from 1 (Not at all) to 5 (Of course), using
a Godspeed style questionnaire [9]:
•
•
•
•
•
•
•
•

Friendliness: how friendly the system feels.
Smartness: how smart the system feels.
Wisdom: how knowledgeable the system seems.
Relaxation: how relaxed the system seems.
Calmness: how calmed the system feels.
Ease of use: ease of use of the interface.
Capability: how capable the system feels for the task.
Personal Preference: whether the subject would like
to be catered by a robotic interface.

B. Results
The results of the survey presented in Figure 4 are as
follows. Having an adjustable bed controlled by just a tablet
seemed to be easy to use for the participants. Moreover, most
subjects felt the bed to be calmed and relaxed. On the contrary,
while some people thought the SmartBed was somewhat smart,
the majority agreed that it did not infer wisdom.
C. Follow Up
A follow up of this experiment took place on an actual
hospital environment, where a designated nurse and patient
tested the bed for a week. From the care-giver’s perspective,
the developed system proved to be functional and convenient,
as they could control the hospital bed remotely, without any
major effort. On the other hand, the patient reported that the
movement of the bed was comfortable and felt secure while
using the system.
Notwithstanding, this convenience of controlling the
SmartBed remotely might distance the interaction between
caregiver and patient, while the emotional state of the bedridden may not be conveyed promptly and correctly.
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IV. K ANSEI A NALYSIS AND D ISCUSSION
In Kansei Design, user experience plays an important role
in defining the direction of development for a product. The
reaction of the final user is as important as solving the problem
with the most optimal procedure, which is the reason why
a constant feedback from the users is necessary to create
a closed-loop like system that allows for a better design.
Additionally, the environment where the product will be used
must be taken into consideration, as that determines limitations
and restrictions of the design.
Taking the aforementioned factors into account, the results
presented on the previous section show that the overall feedback of the participants tends toward perceiving the bed as
having seemingly human-like characteristics. Nonetheless, it is
worth noting that the survey encouraged the subjects to think
of the SmartBed as a robot, instead of an entirely controllable
machine. Moreover, the subjects were around their twenties,
which means that it is highly probable that they are used to
interacting with technology.
In this sense, the general perception that this hospital bed is
capable of doing what it is expected to do, but without having
any knowledge or good judgment for its actions, namely
wisdom, could mean that potential users (both patients and
medical personnel), might think of the system as a slave
machine rather than a companion throughout rehabilitation.
Yet, this perception may give the patient the notion of freedom
and independence, as the user will be able to control the system
by itself, thus potentially increasing his/her motivation and
mood, and improve the rehabilitation process.
Furthermore, as the SmartBed is projected to be used by
people not familiar with technology, it is proposed to redesign
the user interface. With the bed’s ability to do biometric
measurements of the patient, it is possible to process these data
to present some of the emotional states of the user, as well as
programming countermeasures to react to negative emotions.
Also, Figure 5 shows a draft of the redesigned user interface:
a cover and tablet which displays the face of the patient
and caregiver, alongside simple inputs, to lessen the negative
effect produced by remote controlling, and to make the bed
both easier to use for general people, and a communication’s
channel.
On the other hand, a redesign of this medical device,
considering the approach suggested by Lee, et al. [2] of
creating a 3D model in clay before sketching, can be applied to
obtain unconventional results to actual hospital beds in order to

circumvent the feeling of entrapment for bedridden patients.
After that, the model must be adjusted with hospital safety
standards to ensure its usability.
V. C ONCLUSION AND F UTURE W ORK
Although designing a hospital bed with only technical
aspects in consideration may improve user experience, the
’kansei’ of the user must be appraised to develop a medical
device that feels and is safe.
Likewise, adding convenience to a system might improve
usability, but could diminish patient-caregiver relationship.
Thence, it is suggested to consider these factors on future
designs.
Finally, further evaluations must be made on an actual
hospital environment to assess the emotional and psychological
response of target users. It is suggested to correlate the personality of the patient with the impressions of this SmartBed
to find if using a mechatronic medical bed is suitable for all
patients.
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Abstract—This paper examined the influence of sleep experience on self-sleep evaluation among adolescents and young
adults. 64 participants (age between 16-27, 36 males, 28 woman)
have participated in a questionnaire study. Sleeping habits and
subjective sleeping experience have been mapped and analyzed.
In a follow-up study, three participants have been tracking their
sleep experience, daily activities and sleep hygiene. The results
have shown that the participants of both studies sleep less than
average, but within the margin for healthy sleep. However, 25,8%
of the participants evaluate their sleep as insufficient or as an
unpleasant experience. The case study showed that the evaluation
process of sleep experience is unbalanced. Memories of bad sleep
and negative emotions have a bigger impact on sleep evaluation
scores. Memories of pleasant sleeping experiences are more easily
replaced by new thoughts and are often forgotten during the sleep
evaluation process.

Keywords– sleep hygiene; sleep evaluation; activity tracking; bad sleeping experience.
I. I NTRODUCTION
Insufficient sleep, difficulties waking up and a bad mood
are consequences of experiencing bad sleep. In the long run,
unpleasant sleeping experience and mental fatigue may lead to
sleeping disorder [1]. Out of this, only a small fraction of the
big group of problem sleepers has officially been diagnosed
with a sleep disorder and are receiving professional help
and treatment [2]. The common sleeper is thus, unaware of
what good sleep and bad sleep implies. On the other hand,
information found on the internet is not always accurate or
is difficult to understand for everyday people. As a result, the
difference between good sleep and bad sleep is therefore often
misunderstood [3]. Sleep can be influenced by many different
factors, where sleep hygiene and consuming behavior plays an
active role [4].
In recent studies regarding sleep quality perceptions, it has
been suggested that there is a wide variety in how accurately
insomnia sufferers perceive their sleep [5]-[8]. Insomnia sufferers tend to underestimate the overall sleep time and have
a negative view on sleeping compared to normal sleepers.
Furthermore, investigations into sleep misperceptions have
shown that people with a healthy sleep hygiene have proven
to be more accurate to evaluate their sleep [9]-[11]. In this
regard, the goal of this study is to map down and analyze
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the sleep data of adolescents and young adults to find how
self-sleep evaluation is influenced by sleep experience.
The topic of this paper is introduced in section I. In section
II, the methodology, target audience and the setup of both
studies is explained. Section III shows the obtained results
and subject evaluation of both studies. The discussion and
conclusion are written in section IV and V.
II. M ETHODS
This study is divided into two parts: (1) the sleep evaluation
analysis of the younger generation in the area of Eindhoven
and (2) a case study of three subjects to find how selfsleep evaluation is influenced by sleep experience. Adolescents
and young adults were approached to participate in a survey
and share their past experiences, thoughts about sleep quality
and how they would evaluate their own sleep. Moreover,
people regardless of background, gender, or medical dossier
were allowed to participate in this questionnaire. The only
requirement was to be within the age group of 16 to 27 years
old.
According to the adolescents and young adults participating
in this study, they are facing more problems related to sleep
such as: feeling tired, insufficient sleep, irregular sleep patterns
and stress. To look further into the case of sleep evaluation, a
specific case study is designed to track the sleeping experience
and consuming behavior of adolescents and young adults
outside a clinical environment.
A total of 64 participants (28 female) successfully filled
in the sleeping evaluation questionnaire. Figure 1 and 2
show the age distribution and occupation. The occupations
are distributed among three groups: 66% are in education or
training, 31% are employed, and 3% are unemployed and
not in education. Among this group, 16 participants (25,8
%) stated they have troubles regarding one, or more of the
following points: falling asleep, staying asleep, going to bed,
waking up, or tiredness. In all cases the participants were not
officially diagnosed with any sleeping disorder.
The following statements were hypothesized: (1) Adolescents and young adults do not have a clear overview of what
good sleeping experience means. The true definition of good
sleep is not clearly defined, causing misunderstandings; (2)
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sleep evaluation is influenced by time. The moment when it is
evaluated makes a difference in evaluation score. People have
different opinions about their sleep during the day; (3) only a
small percentage of the adolescents and young adults do have
(symptoms of) sleeping problems; (4) consuming and activity
behavior prior going to bed does have a measurable impact
on sleep experience. Physical exercise, caffeine and alcohol
consumption may have an influence on one’s sleep.
Based on the results of the sleep evaluation analysis, three
subjects were chosen out of the 64 participants to participate
in a case study. They were chosen from the initial group of
participants based on questionnaire results, Pittsburgh Sleep
Quality Assessment (PSQI) score and willingness to participate. What is more, the subjects completed an interview
process, about their personal standing on the subject of sleep,
survey results and past sleeping experiences. They, consisted
of two non-problem sleepers and one problem sleeper, where
the last has not been diagnosed with a mental sleep disorder.
In this research, the following assumptions were made: a nonproblem sleeper is someone who (a) sleeps everyday at least
six hours; (b) falls asleep in less than 30 minutes; (c) is
sleeping in a bedroom environment; (d) is excluded from any
disorders or illnesses; (e) has a PSQI score of less than five.
A problem sleeper is defined if he or she does not qualify for
at least one of the statements written above.

A. Sleep Evaluation Questionnaire
Each participant was given a set of questionnaires to complete in their own time. Included in the set were three different
questionnaires related to: sleep quality, sleep experience, and
daily activities for the past month. Moreover, questions were
based on different studies for diagnosing sleep disorders:
Pittsburgh Quality Sleep Index (PSQI) [12], Consensus Sleep
Diary (CSD) [13] and Stanford Sleeping Scale (SSS) [14]. The
questions in the survey were slightly modified to be applicable
to the public audience who is not familiar to mental sleep
disorders [15]. In the end, the participants were asked if they
would like to volunteer as subjects in the case study.
B. Case Study Procedure
Based on the results of the questionnaire study, three subjects were chosen: two males (22 and 24), and one female (26).
One of the subjects (24/M), claimed to have sleep troubles
consisting of: falling asleep, irregular sleeping patterns and
feeling tired during the day. Au contraire, during the study, the
subjects were required to keep track of: (a) food, beverages,
medication, and tobacco consumed/used; (b) physical exercise
(what exercise and how long); (c) activities from at least
2 hours prior going to bed; and (d) sleep evaluation after
awakening. Furthermore, they did not change their sleeping
schedule, consuming, and activity behavior. Before starting
the experiment, the volunteers were guided on how to use
the tracking tools, interviewed about their thought of the
experiment, and a questionnaire related to sleep experience
was given to fill in. Besides, two tracking tools were provided
to register the activities: (1) a notebook, consisting of questions
and feedback requests on their sleep, a blank table and
some additional blank comment space; and (2) a smartphone
application with questions related to their sleeping experience,
tracking option for consumables and activities and a comment
section (see Figure 3). Either one of the two diaries had to

Figure 1. Age Distribution Participants

Figure 2. Occupation and Gender
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be filled. Before starting the experiment, the volunteers were
guided on how to use the tracking tools, interviewed about
their thought of the experiment, and a questionnaire related to
sleep experience was given to fill in.
The tracking application for the smartphone was created to
make tracking easier and accessible for the subjects. At the end
of the experiment, the subjects were once again interviewed
with the same questions as the pre-experiment interview and
were given the same questionnaire about sleep experience to
fill in.
The results from all data provided by the participants and
subjects have been analyzed through a cause and effect study.
The relationship of consuming, activity behavior, and sleeping
evaluation were mapped into multiple subgroups and analyzed.
The groups consisted of occupation, age, and sleep evaluation
score.

Figure 5. Sleep Evaluation Data 2

III. R ESULTS
The results from the sleep evaluation questionnaire are
shown in Figures 4, 5, and 6. These include sleep evaluation
score, bedtime, wake time, and a plot of sleep evaluation
against the total amount of sleep. In this regard, sleep evaluation is based on a [0-10] point scale, where 0 is the most
negative and 10 the most positive sleep experience. Participants filled the questionnaire individually, without further
instructions, while questions left open were not taken into
account. From the aforementioned, the participants are divided
into sub-groups: (a) Good sleepers (8+), normal sleepers (57), bad sleepers (4-); (b) student and non-student; and (c)
by age group: between 16 and 19 years old, consisting of
mainly students attending high school, from 20 to 23 years old,
consisting of mainly students attending university or college,
and 24-27 years old, consisting of mainly working adults.
The results are compared to guidelines given on sleep for
adolescents. According to previously published research, the
body has optimal rest and growth when adolescents sleep on
average eight hours per day. Healthy sleep is sleeping between
6 and 9 hours per day [16]. However, a different study reported
that only 15% of the adolescents are sleeping eight hours [17].
Among the participants, 14,5 % (9 out of 62) did sleep the

Figure 4. Sleep Evaluation Data 1
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Figure 6. Sleep Time Versus Evaluation Score

recommended 8 hours of sleep per day. In the questionnaire,
certain sleep - wake behaviors were asked and are shown in
Figure 5 and 6. In overall, the participants in the age group
of 16-19 and 24-27 are the most satisfied with their sleep.
Participants aged from 20-23 experience the worst sleep.
The results from the case study are shown in Figure 7. A
diary study gave more accurate values in sleep wake times and
daily activities of the subjects. In addition, according to the
data sheet, it was clear that the subjects underestimate their
amount of sleep. The total amount of sleep is approximately
half an hour to an hour more than the time submitted at the
questionnaire. The subjects were always looking at the worst
case scenario. Therefor they were underestimating their total
sleep time.
Consuming and activity behavior having an impact on sleep
experience does not clearly show in the results from the
case study; likewise, interviews with the participants gave
different answers without a clear conclusion. Notwithstanding,
regular eating and drinking habits do have a small influence
on one’s sleep. In a different study, it was stated for optimal
sleep hygiene, food, drinks, and physical exercise is not
recommended prior bed time. In contradiction to the previous
statement, one of the subjects (26/F) was having intense
physical exercise 2-3 times per week prior going to bed. In the
after-interview, she clearly stated ”Physical exercise improves
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Figure 7. Case Study Data Summary

my sleep experience, it helps me to fall asleep more easily
and it helps to clear my mind”.
The evaluation of sleep is influenced by memories and
feelings related to bad sleep. Subjects (22/M and 24/M) gave
their opinion that bad sleep has more impact on their morning
routine. The difference between good and bad sleep experience
cannot be compared as many factors affect this judgment. The
moment of evaluation is also very important. For example,
evaluating your sleep directly after waking up, will result in a
lower evaluation score; whereas doing it after taking a shower,
or having a morning coffee, will improve the evaluation score.
It has been stated by the subjects that memories of bad sleep
are stronger and more memorable, while memories of good
sleep are easily forgotten and replaced by new thoughts of
activities and events.
On another topic, the tracking application was favored over
the traditional paper notebook, during the two-week study:
all three subjects preferred to use the smartphone application.
One of the subjects (22/M) gave his opinion about activity
tracking: ”Tracking my activities gave me more insight about
my daily routines and consuming behavior. However, I did
not change my behavior a lot”. The subjects were interested
in sleep hygiene and behavior change, however, they were not
willing to change their own daily routines.
IV. D ISCUSSION
The case study sampled sleep experience and activity behavior across multiple nights and outside clinical settings. The
findings found in this study are based on the results provided
by the participants, which are subjective statements and believes they have themselves. Moreover, the findings supported
previous studies about the sleep patterns of adolescents and
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young adults, but a bigger sample size is required to give a
final conclusion. Inevitably, the coherence between consuming
and activity behavior prior going to bed is unclear and cannot
be confirmed in this study. Consuming and activity behavior,
a part of sleep hygiene, has on a certain degree effect on one’s
sleep. The positive effect has been stated in previous studies as
well, but sleep hygiene is due to contradictory result material
not used in this study. It can be concluded that activity and
consuming behavior do have a relation to sleep experience.
When reviewing the findings and implications discussed
herein, it is important to consider the limitations which may
have influenced these findings. The data is in all cases subjective information provided by the participants themselves. The
participants’ self-evaluation is based on own knowledge and
attitude towards sleep. People who are biased towards good
sleeping experience, are evaluating their sleep with more care.
As a result, these people were very satisfied with their own
sleep.
The other group has a more diverse opinion on sleep, these
individuals consisted mainly of college and university students.
Hence, due to projects, exams and social relations, there is
less structure in their sleep hygiene. Pressure from school,
social relationships and (part-time) work is in some cases more
important than sleep, which results in their sleep evaluation to
be below average. Subsequently, people with a more negative
view on sleep, are always looking at the worst case scenario.
As a result, they were underestimating their total sleep time
on a regular base. It is thought that, as a result of this study,
sleep evaluation is influenced by many more factors outside
of the domain of sleep. Negative emotions and memories do
have a significant impact on sleep evaluation.
From the results of the sleep evaluation questionnaire, it
can be argued that: (a) adolescents and young adults of this
study do not reach the quota of sleep recommended for their
age group, but are within margin of healthy sleep behavior;
(b) subjective thoughts about sleep experiences are more
negative than the actual sleep experience. 25,8 percent of the
participants rate their sleep overall bad (less or equal than four
on the 10-point scale), and there are only five cases where
people sleep less than the norm of at least five hours; (c) most
of the people are misinformed about what good quality sleep
means. Their view on sleep in general very negative. This may
be caused by all the information available on the Internet about
various sleep disorders.
V. C ONCLUSION AND F UTURE W ORKS
Adolescents and young teenagers do sleep less, but within
the margin for healthy sleep. However, the evaluation process
of subjective sleep experience is unbalanced. Memories and
emotions related to unpleasant sleeping experience are more
memorable and present than pleasant sleeping experiences.
Pleasant memories are more easily replaced by new thoughts
and are often forgotten during the sleep evaluation process. As
a result, negative emotions and memories have more influence
on the results of subjective sleep evaluation.
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In future studies, the domain of subjective sleep experience
is not only limited to factors as overall sleep time, wake time,
sleep quality, but factors as feelings, memories and emotions
could be included in addition. Following the Japanese trend
of design emotion, the approach of Kansei design, where
research and development are focused towards the customer’s
psychological feelings and emotions could be used as one of
the starting points.
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Abstract—It has been reported that coloring provides a widerange of health benefits for all ages, especially the elderly. Many
nursing homes started to apply coloring as a routine activity for
their residents in Japan, and its usefulness is expected. As the
rapidly declining birthrate and aging of the population continue,
it is necessary to develop new activities to improve the lifestyle
of senior adults. The purpose of this study is to assess the
effectiveness of coloring therapy for the elderly on their mood
states, and to investigate whether there is a correlation between
color and the mood stage while coloring. A daily experimental
scheme is proposed for the elderly in a daycare center by
providing purposeful line drawings with concrete elements.
Keywords–coloring; art therapy; elderly; daycare center.

I. I NTRODUCTION
As Japan enters the super-aging stage, the number of
people certified for long-term care/support has been increasing.
Citizens over the age of 65 account for 26.7% of the country’s
population, and only around 1.7 million care workers are
available for almost 6.2 million individuals requiring special
attention [1]. This increase in elderly per caregiver ratio results
in a heavy burden for the worker and a reduction in quality
care. In response to this, many nursing homes arrange activities
beyond daily care to lessen stress on caregivers and provide a
better living environment.
Recently, a number of nursing centers started applying
’coloring’ as a routine activity, since it has been reported
that coloring books have a wide-range of therapeutic and
health benefits [2]. Furthermore, related research proved that
the use of coloring in non-pharmacological treatment made
a positive impact on patients with various diseases of aging,
like cognitive disorders and disabilities. Hattori et al. [3] found
significant improvements in the vitality and quality of life
on patients with mild Alzheimers disease. Moreover, it is
suggested to be an effective stress reducer for persons with
intellectual disability [4], while cardiac rehabilitation patients
also experienced a greater relaxation and positive mood response after the coloring therapy [5]. However, although the
use of coloring books is encouraged as a pleasurable activity,
it is not considered as professional art therapy [6].
In this regard, the purpose of this study is to determine
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the effectiveness of coloring on physical and mental health of
adult daycare center users, and provide evidence on whether
or not this activity affects the elderly. This paper is structured
as follows. In Section I, the current state of Japanese elderly
care and coloring as a therapy is introduced. In Section II,
general information of the cooperative facility is given, and in
Section III and IV, the methodology and preliminary study
are described, respectively. Finally, a brief discussion and
conclusion for the current study progress are given in Sections
V and VI.
II. DAYCARE C ENTER
For this research, a daycare center in Ibaraki, Japan, was
visited. This facility nurses 32 senior adults in need of LongTerm Care(LTC) / Support, 11 males and 21 females, ranging
between the age of 60 and 105, with a mean age of 87. According to the Japanese Ministry of Health, Labor and Welfare, the
level of care is classified from Support Level 1(Needs social
support and partial assistance with ADLs but may maintain or
improve functions), to Care Level 5 (maximum demand for
full service) [7]. Following this classification, the users of the

Figure 1. Number of Elderly Users and Care Levels
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Figure 4. Answer Icons

Figure 2. Number, Ages and Gender of Care Workers

care center are distributed as presented in Figure 1, while 81%
of the elderly able to do coloring are below Care Level 3.
On the other hand, Figure 2 shows that from the 17 care
workers at the daycare center, only one is male. What is more,
the majority of carers are concentrated on the 50-60 age range
group, while no one is in their twenties.
III. M ETHODOLOGY
This study included a total of N=30 elderly. Even though
most of the participants are under Care Level 3, they are
more or less suffering some common geriatric disease, such as:
hypertension, heart diseases, bone and joint pain or diabetes.
In addition, some of them are observed to have different
degrees of progressive memory loss and cognitive impairment,
namely suspected of having Alzheimer’s disease (AD). For
this reason, in order to avoid causing discomfort, the length of
each coloring time and the complexity of the drawings were
designed as stated below.
A. Drawing Design
Considering cultural influences, Japanese elderly prefer
contents which are familiar and related to their past. To elicit
emotion and empathy, three themes were chosen: ’Flowers’
and ’Traditional Objects’ (Figure 3). The contents of these
line drawings are colorless and were previously tested with
the elderly to not be difficult for the subjects.
B. Procedure
Firstly, the participants, after signing an informed consent,
are presented with a set of 12 pre-determined colored pencils

Figure 3. A Sample Drawing From Each Theme
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and line drawings. Coloring time is divided into two sessions
of 30 minutes each. On the first session, the subjects will color
an specific drawing, whereas, on the second session, the elderly
are free to choose which drawing to color.
Secondly, before starting coloring, the subjects are asked
to record the ’date’, ’weather’, and ’mood’ at the time of
the activity. To account for participants with mild cognitive
impairment, each answer uses easy to understand icons as
shown in Figure 4.
Finally, the finished coloring works are collected and
scanned to build a digital database. Then, the ’color’, ’drawing’, ’blood pressure’, ’hearbeat rate’, ’body temperature’,
’date’, ’weather’, and ’mood’ elements are analyzed to find
relationships between the activity and change on the elderly.
Furthermore, a color analysis program will assess color usage,
line pressure, and line consistency of each work.
IV. P RELIMINARY S TUDY
For the purpose of collecting design data, a preliminary
study was conducted at the daycare center. A pilot study
with prototype drawings (Figure 5) showed that most of the
elderly were willing to try coloring. During the activity time,
the atmosphere became lively and relaxed. In addition, two
opposite phenomena were perceived: some of the subjects
were extremely devoted and refused to communicate with the
outside world; while some actively communicated with people,
showing a significant social desire.
Additionally, Figure 6 presents the coloring works of one
subject (age 92). This female participant is a farmer living with
her son and daughter in law, husband deceased. According
to the information provided by the daycare center, she has
been attending this institution for 3 years, 6 times per week,
and suffers from astigmatism and arrhythmia. On the other
hand, during the activity, she showed careful thinking while
filling the line drawings. Moreover, some of her personality
traits made detectable during the experiment were: will not say
anything when depressed, murmurs while drawing if feeling
angry, gets easily angry when remembering bad experiences,
and goes along with other people.

Figure 5. Pilot Study on Coloring
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V. D ISCUSSION
This study found that the following points need more
strictly control for the upcoming experiment. On one side,
there are many factors of external interferences on the processes of coloring and not all of the elderly can finish their
works everytime. On the other side, the pilot study did
not found any significant relationship between the emotion
of subject and the color they have used. Therefore, in the
upcoming experiment, the study will introduce the experiment
more specifically to the elderly, and briefly interview them
about their feeling while coloring to have more information to
analyze.
VI. C ONCLUSION
The purpose of this study was to determine the effectiveness of coloring as a therapy for elderly nursing home
users, and provide evidence supporting the positive effects that
coloring can make on mental and physical health. A daily
experimental scheme was proposed by providing meaningful
line drawings with figurative elements to the elderly, to collect,
analyze and track their daily mood.
From the guidelines presented in this paper, a three months
research will be conducted at the daycare center to gather and
process the data.
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Abstract—Smart phone can support a variety of functions in
people’s daily life. Notification is one of the basic core function of
smart phone user experience. This research explored the college
students ’ behaviors when they deal with the notification system
of smart phone. In order to know the behaviors of user, this study
conducted a diary study method to record the information about
notification users received from the smart phone. Before the one
week diary study, a pre-experiment interview was conducted, the
results of interview shown that they have a negative evaluation
to receive notifications (disruptive). Hierarchical linear model
analyses on the diary contents suggested that the current task
types had significant influence on the college students’ evaluation
on notification disruptive. The evaluation on the importance of
notification content can predict user’s evaluate on the disruptive
of notification content.
Keywords—notification system; smart phone; dairy study; user
experience.

I. I NTRODUCTION
Smart phones have become an integral part of college
life, current smart phone can support a variety of functions.
Notification is one of the basic core functions of smart phone.
Notification is used to drive the users attention to the content
of a notification message and remind user about something. As
the media for user to communicate with the outside world, it
is difficult to measure the importance of notification. However,
many users feel pressure for the notification system. Previous
studies have shown a core problem with notifications was that
users tend to drop their current task to check the notification
instead [1]. In the work context, this can be explained by the
fact that notifications interrupt workers. Information workers
find it difficult to return to a previous task after having been
interrupted by a notification. They report higher subjective
workloads when receiving notifications during phases of focused work. However, previous studies have also shown that
people value notifications. Those studies also suggested that
notifications vary in different levels of importance [2]. A diary
study was conducted to explore the extent to what kinds of
notifications are needed by college students. Dairy method
have high ecological value as they carried out in the users
real environments [3]. It helps the researchers to get in-depth
understanding of users day to day jobs and environment diary
study can be used which involves participants reporting their
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activities over a specific period of time in their normal daily
lives addressing the when, the what and the how. This study
will use diary method, which will record daily events of
the user deal with the notifications accurately. It helps to
understand how the notification usage changes over the time
(Compared to a traditional in lab usability study where this
study typically gather information on firstly time usage of a
system or product) and the kinds, frequency of notification and
so on.
The structure of the paper is as follows: Section I introduces
the essence of the smart phone and notification system. In
section II the method of the experiment is introduced. Section
III reports the result of the diary study on the smart phone
notification system. In Section IV, the analysis and discussion
of the diary study results are presented. Finally, in Section V,
the conclusions of this research are laid out.
II. M ETHOD
A. The Participants
Fourteen participants from Shannxi Normal University took
part in this experiment , 8 female and 6 male, with the age
distribution 18-24 years old (M = 20, SD = 1.96). 2 out of 14
participants (one female and one male) interrupted the diary
collected during the study,so this study totally collected twelve
participants’ data.
B. Device
All the mobile phone (provided by participants) used in this
experiment with the version above Android OS 4.3 or iOS
8.1 ). Participants were required to install Smartisan Notes (A
notetaking app.User can add picture in the notes and download
this APP in Apple Store or Google Play for free). Participants
should set on their phone notifications system in the mode that
the notifications come and it can show on the lock screen.
C. Procedure
Pre-experiment interview was conducted to know the
background information about participants smart phone
notification interview questions included :
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Q1: How many app installed on your phone?
Q2: These types of app (social network/ video and
image/education/payment/online shopping service), how
many of each kind app and how you set the notification
systems of these app ?
Q3: Share a recent experience about the Notification affect
( disturb) your study or work ?
Dairy study:
Contents of dairy collection as shown in Figure 1

applications were considered less important, life services
application notifications were more important. Additionally,
there was no significant difference between the importance of
notification from social networks and life services applications.
The result of primary data was shown in Figure 2. It shows
the average rating of disruptive at different times of the whole
day. Morning and afternoon periods were more disruptive
than other periods, because it was the study time for college
students.

Figure 1. The Example of Dairy Content

Each participants took the records of dairy content for one
week [2].

Figure 2. The Average Rating of Disruptive at Different Times

III. R ESULT

IV. D ISCUSSION

In this experiment, pre-experiment interview were conducted for 14 college students, they installed 11 to 42 applications (M = 23.64 , SD = 9.39) in their smart phone.
These applications can receive notifications when connected
network. Based on the previous survey of applications types,
we classify the applications into: social networks, video and
images education, entertainment, payment and life services.
We collected a total 739 notification messages information
from 12 participants in one week. Coding scheme: gender
codes are: 0 = female, 1 = male; grade codes are: 1 = freshman,
2 = sophomore, 3 = junior students, 4 = senior students.
There are 21 categories in current task, 9 categories in
location and 21 categories in notification sources. Based on the
real life situation (classification of apple store applications),
we coded the current task again. To facilitate the analysis of
the hierarchical linear model, we did the dummy coding for
current task, location, notification sources. Current task was
coded as 4 dummy variables location was coded as 3 dummy
variables, the notification sources was coded as 4 dummy
variables.
To test the the relationship between notification sources and
the importance of the notification ( short for importance ) ,
we built the multilevel random slopes model in this study.
Results showed that the mean value at level 2 of dummy
variables entertainment, life service, and education achieved
significant difference (P < 0.05) , indicated that the source
of the notification message affects participants evaluation
about the importance and urgency of a specific message.
Specifically, compared with the notification from the social
networks, the notification from entertainment and eduction

From the dairy content, we found that college students
interact with their smart phone all the time in their daily life.
They basically put attention to the notifications when they
came. This finding is consistent with previous study[1], even
though the importance of those notification content were not
high. Hierarchical linear model analyses was conducted on
the diary contents, the results shown the current task types
had significant influence on the college students evaluation
on notification disruptive. When college students focused on
current tasks, especially those tasks correlated with study, the
interrupt caused by dealing with notification make college
students rated the disruptive of notification in a high score.
This study also found he change in on the importance of
notification content can predict users evaluate on the disruptive
of notification content. The results of this study can give
suggestion to the college students to deal with the notification
system. For instance, when students are carrying out study
or work task they can choose to set the notifications system
to Do not disturb or Mute mode, it will reduce the times of
notification interrupt the current task.
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V. C ONCLUSION
This research carried out a dairy study to explore college
students evaluations about the notifications of their smart
phones. It suggests a new usage model for smart phone manufacturers to develop in their devices for college students. The
notification sources were categorized into four categories, they
were, listed in descending order of importance, life services,
social networks, entertainment and education. Additionally,
the current activity affects participants’ evaluation about the
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interference of the notifications. Specifically, when they were
studying or working, they considered the notifications are more
noisy. Due to the limitation of sample size, a wider range
of participants–including office staff, programmers and other
brain-workers, could yield an opportunity to more broadly
generalize the results.
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Abstract— This study introduces the development of a
practical product based on Kansei simulation of children’s
behavior and physiological reaction against anxiety. It started
in 2006 with children under 6-years-old who had few
experiences of accidents or events, and less linguistic
communication skills with their parents. The reliability of
heart rates to detect fear and anxiety was tested to know if it
could be one of the functions on this device. The heart rates
and behaviors of children while watching simulated movies
showing dangerous situations was analyzed. With the support
of the Ministry of Internal Affairs and Communications, a
device named “Onigiri Machine” was developed to keep
children safe while their parents work during daytime. It was
highly evaluated by scientists worldwide through conferences
papers, newspapers, and magazines. Now, keeping track of
children and elderly in shopping malls or in hospitals became
an issue in Tsukuba, Japan. For this reason, the device was
refined to update the functions and qualities for practical uses
in public services. Finally, this study shows how the device can
be used to keep children and elders safe in public spaces, and
how it delivers personal based data in an easy interface for
their companions.
Keywords- wearable device: kid’s
information sharing; children’s safety.

I.

friendly

design;

INTRODUCTION

The idea of this study was based on personal interests in
security for children between 0 to 6 years old in nurseries or
kindergartens while parents work during daytime. For the
development of the device, a basic research on physiological
data from children between 1 to 6 years was needed to detect
unconscious states in children through their heart rate.
Generally, regular working mothers should stay with
their children at least for 8 hours a day, and should
communicate with them, face to face, for 4 - 5 hours a day in
average. It is hard to say that this is enough to know what is
happening to their children’s growth, both physically and
mentally. Furthermore, the linguistic communication ability
of 0 to 6 years old children, before elementary school, is not
enough to be correctly understood by adults. In this regard,
the author had some frustration to communicate and get
information on her child, meaning that the only way to
understand was to keep watching her behavior and reactions
during limited moments. On the other hand, children under 6
years old get most of their influences from people around
them while imitating their behaviors naturally. As such, there
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must be a clever way for working parents to know and feel
their children.
This study introduces the development process from
researching on children’s behavior and emotional reactions
to the final stage of making a practical system for real users
in public places. In order to develop a device that can detect
children’s conditions in anxious or emergency situations, the
following components were selected: heart rate measurement
device, GPS, camera, 3D accelerometer, XBee network, and
a microcontroller for connecting and controlling the sensors.
The most outstanding progress of this study was done
between 2009 and 2011, with the aid of the Strategic
Information and Communications R&D Promotion Program
(SCOPE) funded by the Ministry of Internal Affairs and
Communications. Based on the children’s heart rates
experiments started in 2006, a device named “Onigiri
Machine” was developed and updated to support information
sharing of children and elderly who cannot communicate
satisfactorily with people.
The structure of the paper is as follows. In Section II, the
basic research used as a base for this study is introduced. In
Section III, a design approach based on behavioral aspects of
children concerning safe construction of form, namely
“Kid’s Friendly Design”, is presented alongside advanced
technologies to detect a variety of situations. Section IV
details the experiment conducted for this study. Finally,
Section V concludes this research.
II.

BASIC RESEARCH

This study uses as base a foundation research done in
2006 concerning heart rate measurements on children during
stressful situations combined with the Kansei approach of
design.
A. Kansei
Kansei is a Japanese term that implies subjective
perception and reaction based on experiences. It involves
emotion, preferences, and learning of daily habits. People
react to an event depending on their personal experience,
including knowledge and intuitive response from image
matching of the past. Kansei reaction is more important for
surveying behavioral habits, in addition to being more
creative in finding new solutions for design development.
B. Heart rate Experiments
Heart rate is one of the elements in measuring
unconscious feelings of anxiety while facing new
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Figure 2. Kid's Friendly Design Approach

necessary information is read from their chest. Emotional
and cognitive behavior could be detected by 3D acceleration
and heart rate measurement, in order to share their status
with their parents online, complemented with an image from
the child’s point of view.

Figure 1. Physiological test of anxiety for Children under 6 years old

experiences or any uncomfortable situation. The purpose of
the experiment was to know how heart rate relates to
emotional prediction in children while the device detects
their conditions during any situation. Figure 1 shows the
setup for the experiment. Children in a nursery from 1 to 6
years old participated. Simulation films which entail
dangerous and anxious situations from an adult standpoint
were prepared. These movies were originally edited with
royalty free copies. All the participants’ parents agreed with
the Institutional Review Board (IRB) of University of
Tsukuba while the safety of the experiments for testing the
heart rates was thoroughly checked. The result of the
experiment was that children’s Kansei is generally expressed
around 2 - 3 years old with practical experiences and
learning from their parents or people around. Therefore, their
emotional reaction gets closer to an adult’s.
III.

B. Weight and Size of the Device
In accordance to the Research Institute of Human
Engineering for Quality Life of Japan, which has a database
of the average body size for Japanese children between 0 and
12 years old since 2005, the size of the device was decided.
The width of a 3-year-old child’s chest is 164mm and for a
5-year-old is 176mm. Based on this information, the device
should not exceeded 100mm in diameter. Moreover, most of
the objects that can be attached on child’s neck weight
between 30 to 50 grams, while on their waist are less than
100 grams. Additionally, a survey among mothers in the
kindergarten reveled that 75 percent of them would allow
devices under 100 grams to be attached to their children. For
reference, an alarm buzzer weights between 45 to 60 grams,
likewise mobile phones for children range between 130 and
150 grams.
C. How and Where to Wear the Device
To attach the device on an appropriate position on

DESIGN DEVELOPMENT

For the development of the “Onigiri Machine”, a unique
approach was proposed. To make children attracted to, and
willing to, wear the device, a fascinating shape was designed
before deciding on the technological components. As shown
on Figure 2, this approach was denominated “Kid’s Friendly
Design”.
A. Maintaining the Integrity of the Specifications
For “Kid’s Friendly Design”, the first step was to decide
on the weight and size of the device, followed by how and
where to wear on a child’s body. Graphical design and
decoration was the last step. The main goal is to create a
fascinating appearance for kids to keep wearing it while the
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Figure 3. Kid's Friendly Design Approach
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the final user test, 50 children were selected through an
ethical research pre-survey with their parents. The subjects
were in average ten children per age. To observe the
behavior, and check both physical movements and digital
data of the children with the devices, 5 selected personnel
attended the test.
Complementary to the device, a website for parents,
shown in Figure 5, was made available at the beginning of
the experiment. With this tool, they could monitor the
movement of their children inside the kindergarten, besides
watching their point of view constantly. Nevertheless, for
everyday use, these shots are meant to be taken when a child
registers a sudden change in heart rate or shifts his/her
position up and down rapidly.

Figure 4. Implementation of Onigiri Machine

children’s body, a survey of the sizes of desks and tables in
the kindergarten was conducted. The machine should not
disturb the activities of the kids in the classroom or in the
playground. At the same time, the camera on the device
should be set at a stable position on the chest, so as to allow
them to actively run around.
D. Building the Prototype
Based on shoulder sac types of design, the built of the
sensors followed the concept “B-3”, presented in Figure 3.
The total weight of the built-in sensors had to be at most 90
grams. Notwithstanding, a necklace type of design was
rejected from the candidates, due to the burden generated on
the children’s neck. From a pool of four ideas for shoulder
types, “B-3” offers a relatively high position for the camera,
while being easy to wear. An updated sketch of “B-3” was
prototyped using a 3D printer to verify the size of the device.
Furthermore, the layout of the sensors was tested. What is
more, small connection parts were created on the corners for
the straps attached to the body. Finally, an on-off switch was
placed on the rear side in a tiny hole, as to be securely turned
with an originally designed stick, thus preventing unwanted
manipulation.
Figure 4 shows the final device ‘Omusubi’ (=Onigiri),
which means ‘rice ball’ or ‘connection’ in Japanese. A ‘rice
ball’ is a traditional snack between lunch and dinner popular
among all ages in Japan. ‘Connection’ is also a meaningful
concept within this study, as information is not only shared
between children and parents, but also with local caretakers.
IV.

V.

CONCLUSION

To develop a new device concerning children’s safety,
emotional and physical growth with new experiences are the
most important points. Those aspects were treated using an
approach with Kansei, physiological data, and behavioral
movements sensed by highly technical solutions. For
practical uses of the device, fascinating and reasonable
design, fitting children’s preferences, was highly evaluated.
Currently, real production of the “Onigiri Machine” is being
prepared based on the behaviors and preferences of children
and elderly. In this regard, it will increase its potential: not
only as a tool to prevent lost people, but also as a mean to

EXPERIMENT

For the experiment, 12 hand-made devices were built
with a setup of over 30 relay sensors to monitor the position
of the devices every 10 meters inside the kindergarten. For
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A. Extension of the Experiment
One of the biggest shopping malls in southern east Japan
adapted this system to prevent children getting lost while
shopping in the facility. In addition, with the function of
measuring heart rates, shops can get information on when the
children got excited in relation to certain products, making
this feedback useful for the store to promote their products or
events practically. On the other side, for detecting the
position of lost children, a GPS was implemented in the
device. However, as indoor measurements were not accurate,
and XBee mobile network was deployed at the shopping
mall for every 30 meters for monitoring and controlling the
devices. Figure 6 shows the setup and positioning of the
XBee mobile network inside the mall.
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Figure 5. Online Website Interface for Onigiri Machine
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know the user’s Kansei in various situations, regardless of
age. With the mechanical engineering and information
technology developed, this concept, that started from a
personal need to prevent loss or kidnaping of children,
brought more possibilities for the improvement of
Information and Communication Technology for the future.
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Abstract—In recent years, in Centro Hospitalar do Porto
(CHP), a major Portuguese hospital at the North of the country,
there has been felt an increasing need for a computerized clinical
coding tool to aid in the codification of the episodes of hospital
discharges from patients admitted to its healthcare units. The
process was slow and performed manually by the coding
professionals, not having a centralization and unification of the
information and processes associated with the clinical coding of a
hospital discharge. Hereupon, in the context of this study, the
aim of the present work was to design and develop a clinical
coding tool for International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) to support the
clinical practice in healthcare units. The coding of hospital
discharge processes enables the grouping of episodes into
diagnosis-related groups (DRGs) that correspond to clinically
coherent and similar groups that are expected to use the same
level of hospital resources. The main motivation for the
implementation of this classification system is that it provides a
financial and patient classification system, trying to contain the
costs and waste associated with healthcare services. Thereby, a
single-page application (SPA) for ICD-9-CM was designed in
order to help health professionals of CHP in their daily work,
namely the clinical coding of the episodes of hospital discharges.
The main advantages and contributions of the development and
use of this Web application are the centralization of information
and tasks associated with the coding of hospital discharges, the
increase of productivity and the reduction of wastes of time.
Consequently, the ambition is sought to mainly improve the
quantity and the quality of work performed by coding
professionals.
Keywords—ICD-9-CM; Diagnosis-related Groups; Hospital
Discharges; Single-page Application; Proof of Concept.

I. INTRODUCTION
The health sector represents a tricky situation for the people
and systems responsible for the storage and processing of that
kind of information. The problem is not in the lack of data but
in the diversity and complexity of the health field. An hospital
offers a wide range of services for each patient per clinical
condition leading to hundreds or even thousands of specific
and unique situations. It is then of extreme importance to find
a way to measure the hospital productivity and aggregate the
multiple activities performed at a healthcare unit. This led to
the adaptation of the DRGs to this scenario. These kind of
classification systems rely on a prior coding system that
translates all the diagnostics, procedures, external causes and
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morphologies into universal codes like ICD-9-CM, increasing
the semantic interoperability and reducing the ambiguity of a
discharge report. The introduction of new Web frameworks
and solutions for Web development resulted in a new wave of
codification platforms for this kind of code systems. With
modern layout and intelligent helping tools, it is possible to
reduce the codification errors dramatically and increasing
efficiency.
This paper presents an insight into the development,
implementation and impact analysis of a Web application
directed to the ICD-9-CM codification in a major Portuguese
hospital in the North of the country – CHP. The focus of this
paper is mainly to highlight the differences between the prior
method (by hand) and the new one.
In Section II, the state of the art and similar works are
briefly described. Thereafter, in Section III, the research
methodologies adopted are presented. Section IV – “Singlepage Application for ICD-9-CM Codification” – presents the
work developed and its main results, followed by a brief
Strengths Weaknesses Opportunities and Threats (SWOT)
analysis in Section V. In Section VI, the conclusion and future
work concluded this paper.
II. STATE OF THE ART
The present section intends to highlight the main topics
addressed throughout the work as well as main studies from
the scientific community regarding medical codification.
A. Diagnosis-related Groups
DRGs are a classification system for inpatients at acute
healthcare units aggregating under the same code cases with
similar resource consumption and clinical similarities [1][2].
Developed at the Yale University (U.S.A) in the 60’s, it is
used since 1983 by Medicare to calculate the compensation in
cases of hospitalization [3]. Due to the immense success on
that field, the system was adopted throughout the world in
healthcare systems to improve the planning and allocation of
funds reducing the disparities and the errors.
The DRG requires a minimal dataset (MDS) in order to
attribute one of the 25 main diagnosis categories to the
discharge report [1]. So, the MDS includes, as follows [4]:
 The main diagnosis responsible for the patient
admission;
 Other diagnosis;
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Procedures performed on the patient during the
internment;
 Gender, age and height;
 Destination after discharge (transferred, death or
discharged against medical order).
Each DRG group has an associated relative weight and
weighting coefficient, as well as an exception threshold for the
number of hospitalization days that helps convert each case
into equivalent patients [4].
Wilm Quentin and colleagues in “Hospital Payment Based
on Diagnosis-related Groups Differs in Europe and Holds
Lessons for the United States” highlights the differences
between the original DRG and the one that countries like
France, England or even Portugal implement. This adaption is
the basis of most European countries method to finance
hospitals proving to be less cost worthy with high quality of
services [2].
Carina Fourie et. all present in “Systematically Evaluating
the Impact of Diagnosis-related Groups on Healthcare
Delivery: A Matrix of Ethical Implications” a study of ethical
implications and importance of the DRGs in diverse Swiss
hospitals [3]. On other hand, in order to highlight the diversity
of the subject, Yantao Xin presented a comparison of the
amount of medical waste generated in major healthcare units
using as basis the DRGs [5].
B. ICD-9-CM
Every time a patient is discharged from a healthcare unit a
discharge report is issued with daily logs from the physician in
charge of that patient. The ICD-9-CM is a perfect fit to encode
diagnostics, medical procedures, external causes and
morphologies, consisting in a list of codes recognized
anywhere in the world. As the name states, it is an adaptation
of the ICD-9 codification system performed by the U.S.
Health Department in collaboration with the Medicare and
Medicaid Service Centres [6]. With more than 13,000
diagnostics and 3,500 procedures, it is essential to develop
tools or systems focused on the codification process. Some
Web applications like “Find-A-Code” or the work of Marisa
Teresa Chiaravalloti et. all in “A Coding Support System for
the ICD-9-CM Standard” are examples of systems developed
for codification purposes [7]. The late one processes text in
natural language using text mining algorithms, returning a list
of possible codes for each case.
After the codification process, every discharge report can
be read and perfectly understood in every country that adopts
the same terminology. For the purpose of the present work
and as stated by international directives, the ICD-9-CM codes
are the basis of the DRGs decision [2].
C. AIDA and AIDA-PCE
Some Portuguese systems are equipped with a platform
called AIDA (Agência para Integração, Difusão e Arquivo de
Informação Médica) that uses intelligent agent systems that
ensure the interoperability between different and
heterogeneous information systems (SAM, SONHO, PCE,
SAPE, RIS, LIS, among others) [8][9]. The electronic health
record (EHR) is responsible for the safe and organized storage
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of all the information about a patient, from personal data to
diagnostics and procedures [10]–[13]. The constant update is
vital in this scenario, so the same Algoritmi group from
Minho University that developed AIDA put together the
AIDA-PCE. Following the Problem Oriented Medical Record
(POMR), all the patient information like symptoms, medical
observations, diagnostics and treatment plans are stored inside
that structure.
Although using free text and other non-universal
information the AIDA and AIDA-PCE present innovative and
novel solutions to accomplish interoperability. On the other
hand, the incorporation of the ICD-9-CM codes into the EHR
represents an important feature to accomplish a cross-border
medical record. The storage of ICD-9-CM coded discharge
report saves space on AIDA-PCE databases and reduces
medical errors in near future.
The next section presents the main research methodologies
followed to implement this work.
III. RESEARCH METHODOLOGIES
The realization of any study in the field of Information
Technologies (ITs) includes the scrutinized research and
analysis of the set of methodologies and technologies
available and feasible in the design of the defined IT solutions.
The choice of the most appropriate methods and tools is
mostly based on the advantages pointed out, as well as on
associated limitations and compliance issues with related
systems.
Thus, the achievement of the SPA for ICD-9-CM is based
on the research methodology Design Science Research (DSR),
mostly used in the construction and evaluation of useful and
rigorous IT solutions. Each of the design phases presented in
this study included the choice and use of the most appropriate
methodologies, technologies and tools for the definition and
elaboration of the desired solution. Finally, a Proof of Concept
(PoC) was also carried out corroborating the viability and
usefulness of the clinical coding tool for ICD-9-CM designed
and developed, which consisted essentially of a SWOT
analysis (Section V).
The next section presents the SPA for ICD-9-CM
codification developed and implemented.
IV. SINGLE-PAGE APPLICATION FOR ICD-9-CM CODIFICATION
The codification of the discharge reports was made
manually in CHP, making the process too slow and with a
high error probability. Thus, it emerged the need to create a
process that would reduce the codification time. Therefore, a
SPA was developed through which the health professionals
are capable to perform the codification process, and at the
same time to consult patients’ data, such as the discharge
report, the personal information and the hospital services were
the patient was admitted.
The purposed layout in this scenario encompasses a
solution with three main components: the patient information,
the codification area and the discharge report. The
codification area presents five frames: diagnosis, external
causes, procedures, tumor morphology and observations. With
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exception of the observations board, which is the only one that
allows free text insertion, all the other boards are composed
by rows divided mainly in priority, description and code.
The main characteristic that makes this process faster than
the already existing is the dynamic and aided search. When a
word is typed in the description field a list of all the ICD-9CM codes is presented, and when the user picks one of them
on the description the respective code is automatically filled.
On the other hand, when the user enters the code the
description is also automatically filled.
When a codification is finished, the user sends it to an
evaluator. If the codification fails in this evaluation phase for
any reason, it is sent again to the list of codifications that
needs to be done. Thus, the application was developed with
three different modules. One to be used in the first
codification, another to be used when a discharge report was
already codified and for some reason failed in the evaluation
phase, and one final module to be used when the user only has
view permissions. In this last module, the users are not able to
change any field present in the codification.
The application development leaned on the LAMP
architecture. It uses Linux as the operative system, Apache as
the Web server, MySQL as the relational database
management system (RDBMS) and PHP as the objectoriented language.
In order to develop a fluid and dynamic application, the
AngularJS framework greatly contributed. The modularity and
extensibility of this JavaScript framework allows the
development of diverse and futuristic applications.
The database storages all the data related to the
codification codes, the discharge reports, user information,
and all the information generated by the codification process.
The RESTful Web service mediates the communication
between the SPA and the database.
The next section presents the SWOT analysis of the Web
application developed.
V. SWOT ANALYSIS
To test the viability, the utility, the quality and the
efficiency of the application a PoC was necessary, in this case,
a SWOT analysis. This analysis allows to analysis the
strengths, weaknesses, opportunities and threats of the
application [14].
Strengths:
 High usability, intuitive and easy to learn (user-friendly);
 Easy access to the data of patients, as well as the hospital
services in which the patient was;
 High scalability;
 Easy of reissue of coded discharge reports;
 Decrease of the codification time of the discharge
reports;
 Decrease of human error;
 Easy adaptability to different health institutions.

 Use of ICD-9-CM instead of the more current ICD-10CM version.

Opportunities:
 Modernization and organizational development;
 Increasing expectation of the hospital administration to
obtain methods that facilitate the hospital financing
calculation;
 Provide the tool to help in the calculation of the hospital
financing.
Threats:
 Lack of acceptance to resort to new technologies by
health professionals.
The next section presents the conclusion and future work
of this study.
VI. CONCLUSION AND FUTURE WORK
Finally, the realization of this case study allowed the
development of a clinical practice tool, namely a user-friendly
clinical coding tool for ICD-9-CM. The Web application is
currently implemented in a production machine of CHP, and it
is currently being used by the coding professionals of the
hospital in order to perform the clinical coding of the episodes
of hospital discharges from patients admitted to CHP. This
will then facilitate the grouping of processes into DRGs, that
is, a financial system that can manage the costs and waste
associated with healthcare services. In the coming years, the
expansion of the Web application is expected.
Trained professional using the ICD-9-CM clinical coding
tool reported significant differences in time consumption and
committed errors when using a computerized system to
perform their tasks. It represents a valuable an asset to its
users, since it facilitates the work of health professionals, and
increases their capacity and speed of work by reducing the
number of tasks required to perform a certain codification. In
this way, the development of the clinical tool allows the
centralization of a set of tasks and information in a SPA,
greatly benefiting its users.
Regarding future work, the addition of a Business
Intelligence (BI) module in the clinical coding tool for ICD-9CM is foreseen, that is, the addition of a module with clinical
and performance indicators [15]. Its principal aim is the
visualization of indicators that show the association between
the number of coded processes and each coding professional,
as well as the temporal evolution of the number of processes
encoded by each coding professional. Thus, the main
objective of the insertion of this module is to study and
analyze the performance of the coding professionals, that is, to
identify, for example, the coding professionals who codify the
most and also those who are coding the least. In this way, it is
tried to encourage even more the increase of the production of
the health professionals of CHP.

Weaknesses:
 Requires internet connection;
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Finally, at the end of 2016, we already began the update of
the system from the ICD-9-CM codification to the newer
ICD-10-CM version.

[14] R. Pereira, M. Salazar, A. Abelha, and J. Machado, “SWOT
Analysis of a Portuguese Electronic Health Record,” in
Collaborative, Trusted and Privacy-Aware e/m-Services,
Springer Berlin Heidelberg, 2013, pp. 169–177.
[15] A. Brandão et al., “A Benchmarking Analysis of Open-Source
Business Intelligence Tools in Healthcare Environments,”
Information, vol. 7, no. 4, p. 57, Oct. 2016.
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Abstract— In the Intensive Care units, the information and
data collected have a high value. It can help the physicians to
take the best decision in the patient best interest. In this
field, it is imperative to have the information available
anywhere and anytime using Business Intelligence Concepts.
Pervasive Business Intelligence (PBI) arises as a new
technological field. This solution is focused on a personcentered approach, where the patients and the clinicians are
the core. In this paper, the Pervasive Computing area is
addressed having in consideration the Pervasive Health Care
and the Intensive Care units. At first, the Strengths,
Weaknesses, Opportunities and Threats analysis are
presented, and then an overview of a PBI solution is
described.
Keywords-Pervasive; Business Intelligence; Intensive Care
Unit

I.

INTRODUCTION

The technological developments related to the
diminishing of electronic components have been
enormous. At the same time, the creation and spread of
the Internet, connecting all machines and providing the
worldwide sharing of information capacity reinforce the
value of computing. Also the developing new techniques
and new technologies, on par with an ever-growing
capacity of miniaturisation of the devices and their cost
reduction, developed the research capacity in this area.
Huge advances were achieved regarding the portability
and storage capability, as well as new arrangements of
human-computer interaction and wireless communication
technologies, allowing to find computing and
communication technologies anywhere and anytime. This
situation has allowed and potentiated new interactions
between people and their physical environment.
Especially in the field of healthcare, the Business
Intelligence (BI) systems advancements have been
enormous and especially in the latest years, many
solutions have been implemented, given the vast quantity
of data to gather and process. In the intensive health care
units, the amount of data to pick increases exponentially,
many times collected in real time. The need to make
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available the gathered data is of vital importance for the
health professionals in these units. To access the patient’s
history, at any time and from any place starts to be a need
for these intensivists.
In this article, we aim to understand the concept
Pervasive, its appearance and joining of the Pervasive
Healthcare with the BI systems in this field. This work
may, therefore, serve as a guide to those who, in the
future, aim to insert Pervasive in the BI systems.
This paper is divided into four sections. After a briefly
Introduction, the related concepts are presented in
Background Section. Then, in Section 3, the Strengths,
Weaknesses, Opportunities and Threats (SWOT) analysis
is presented, and a brief solution analysis is done. Finally,
some conclusions are written, and the future work is
mentioned.

ISBN: 978-1-61208-540-1

II.

BACKGROUND

This section presents the related concepts of the work.
A.

Pervasive HealthCare

The definition of the term Pervasive is, according to the
free dictionary, “to spread something widely and deeply;
affecting all aspects of something.” As in the MerriamWebster dictionary, Pervasive means “to exist in each
part of something; spreading to all parts of something.”
Applying the concept Pervasive to the health field
arises the Pervasive Healthcare (PHC) concept. PHC is
considered an important area of research [1]. These
systems have a dynamic structure and configuration, and
an adequate understanding of these structures and the
communication between its components, as well as the
warranty of a proper and timely execution, is crucial.
Pervasive Healthcare is one of the developing
technologies using the Pervasive computing paradigm [2].
Pervasive computing presence provides an innovative
way for the data transmission from medical applications.
Currently, it is used wireless technology in various health
domains [2].
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For Rafe and Hajvali [1], Pervasive Healthcare is
characterised by complex information, a dynamic number
of interesting parts (stakeholders), and by ubiquitous
computing, which connects perfectly the digital
infrastructures in our daily lives. It gathers, processes and
distributes “any kind” of personal information and
contextual data at any time [1]. Pervasive Healthcare
demands knowledge of the standard individual functions
so that it provides the advanced detection of diseases,
changes in functionality. It also provides pro-active
prevention, as well as health services to predict individual
well-being. This means that Pervasive Healthcare requires
information that covers a person’s entire life, including
data on the personal behaviour, lifestyle, emotions,
genealogical data, social data, psychological functionality
and environmental sensors data [1].
Pervasive Healthcare is considered a key factor in the
reduction of expenses and it is known for allowing
improvements in disease management. The advances in
communications technologies and wireless networks
provided the acquisition, transmission, and treatment of
critical medical information in real time [8].
B.

Understanding Ubiquitous Computing

For M. Weiser [3], Pervasive computing is the most
recent paradigm in computing, known as Ubiquitous
Computing (Ubicom). Saha [4] foreseen that the
Pervasive Computing (PerCom) devices would not just
be personal computers. PerCom is also much smaller
devices. It can be invisible appliances incorporated into
almost any type of object that you can imagine, including
cars, tools, household appliances, clothing and various
consumer goods, all communicating through continuously
more interconnected networks.
Currently, Ubiquitous computing represents a new
direction in researchers about the integration and use of
computers in people’s lives and aims to reach a new
computing paradigm, in which exists an elevated degree
of penetration and ample availability of computers and
other IT devices, with communication capabilities in our
physical environment.
Beyond our personal computers, various computing
devices incorporate physical places and interconnected
objects fixed or mobile, the latter usually being wireless.
Ubiquitous computing already represents, in fact, a
new computing paradigm, including the assumption that
computers should “disappear” in the physical
environment, becoming an integral part of such.
The Pervasive systems and ubiquitous technologies are
ever more present in the domains of almost all businesses,
improving the method of fulfilling them. In more personal
or social areas, they are used principally to improve
people’s quality of life.
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As examples of technology innovations, we have iPad
Mini and the iPhone 6 (both devices are from Apple) or
the Samsung Galaxy Tab. These devices have, for
example, A-GPS, camera, microphone, with 7-9 hours of
battery, 4G Internet and Wi-Fi connection, digital
compass, accelerometer, environment light sensor, etc.
C.

Understanding Pervasive Computing

For D. Saha [4], Pervasive computing (PerCom)
would be, in the future, “omnipresent” combining
ubiquitous open-source applications with the quotidian
activities of the human being.
From PerCom’s point of view, the environment would
be saturated with a series of computing and
communication resources very well blended with daily
life. It allows the user to interact with a smart
environment from everyplace, using an apparently
invisible
infrastructure
from
various
devices/communication/computing, fixed and wireless
networks. PerCom would create a digital omnipresent,
sensible and adaptable environment for the human needs,
characterised by the following essential elements:
Pervasiveness (omnipresence), transparency (invisibility)
and intelligence [4].
Pervasive computing would provide surprising
enhancements in our capacity to connect and
communicate [9]. It would gradually become integrated
into our lives and daily activities, through natural ways of
human-computer interaction, such as it has been verified.
Even currently, the benefits and applications of Pervasive
computing are far from being finished.
Various business fields, such as insurance companies,
government agencies, health organisations, etc., can still
get multiple benefits from Pervasive computing.
What was initially limited to the development of
technology to make Pervasive computing more than a
vision, as clearly gone beyond the first frontiers reaching
the development of applications for various organisational
domains [5]?
D.

Pervasive Mobile Architecture

PerCom, as mentioned in [4], was pointing to the
world where every object, every building, and even
everybody would become part of a network service,
where there is an expectation that the number of
Pervasive devices would multiply rapidly.
Ideally, PerCom should approach all and every device
on the globe with embedded active/ passive intelligence.
These new smart gadgets or smart devices would be fit
into microcomputers that would allow the users their
connection to intelligent networks, and therefore, gain
direct access, straightforward and secure, to information
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and services. These devices would then be mainly known
as Pervasive devices [6].
One of the most common, current examples are the
GPS based sensors, which provide location data that is
translated into an internal representation of latitude,
longitude, and altitude. Then advancing in time, we can
verify that for Prabhakar et. al [6], there is more and more
advances in mobile technology devices, such as, for
example, smartphones, these technologies will become
more Pervasive and omnipresent. Therefore, this verified
reality in 2015, was in 2005 just a forecast/vision almost
impossible to believe.
E.

INTCare

The INTCare system was elaborated by Portela et al.
[7] and implemented in the Intensive Cares Unit (ICU) of
the Santo Antonio’s Hospital, Porto’s Hospital Center
(CHP). It is an intelligent decision making support
Pervasive system, composed of a group of integrated
modules that execute all chores regarding knowledge
discovery in an automated way and in real-time. In
accordance to Portela et. al [7] INTCare can present
anywhere and at any time information/knowledge,
essential for the clinic decisions and whose primary
purpose is the blending of a group of data sources to
obtain interoperability advantages and the use of Data
Mining models.
The INTCare System has improved the way the data is
gathered and how it allowed the performance of manual
actions made by the ICU professionals. It allows an
entirely automatic collecting data process, in real-time,
and besides that, it avoids paper registry [7].
In [8], it is referred that the INTCare health system
consists of a Smart Decision Making Support System and
Pervasive (SDMSSP), focused on the field of intensive
medicine, developed in the unit of intensive care at Santo
Antonio’s Hospital, with the following characteristics:
Online training; Real-time; Adaptability; Data Mining
models; Decision Models; Smart Agents; Precision;
Security̧; Pervasive/Ubiquity; Privacy; Safe access from
the exterior and Use policy.
III.

RESULTS

The achieved results are divided into two groups:
SWOT and web application.
A.

healthcare area.

SWOT Pervasive Analysis

Weaknesses

Strengths
· Access to information timely and
anywhere
· Emergency and innovation of Pervasive
· Promoted by Doctors with background in
intensive healthcare
· More motivated team and staff with
strong commitment to medical mission
· Exclusive access to specific critical
healthcare information
· Consistent delivery of high quality
decision support information
· Innovative healthcare services improves
and optimizes units capacity
· High level of organization / department
efficiency through BI systems
· Excellent technological infrastructure

·
·
·
·
·
·
·

·
·

Trust network questions
Confidentiality of information
Shortage of critical healthcare staff
Lack of technological infrastructure in
healthcare units
Lack of available / appropriate input
information
Possible need for key technical expertise
recruitment
Problems on supporting decisionmaking if information is inappropriate /
out-to-date
Ineffective practice information
management system
Over dependency of decision support
systems in decision-making

Opportunities Threats
· Very large market (hospitals, clinics, etc)
· Decrease in the value of insurance / health
equity
· Increased emphasis on quality in critical
healthcare area
· Increased awareness of preventive
medicine in intensive care units
· Increased managed care business
· Arrival / adoption of new technologies
· An unfilled critical healthcare need
· Information up-to-date
· Avoid common pitfalls of clinical decisionmaking

· Medical staff not available to deal with
technology
· Privacy and security health hazards
· Cost of implementing / extending
technology infrastructure
· Healthcare regulation laws could impact
· Lack of financial resources / budget
deficits / decreased health staff /
decreased technical staff
· Network attack risk making private
patient information left unprotected

SWOT

Figure 1 presents a SWOT analysis of the Pervasive
concept inserted in Business Intelligence Systems,
developed while keeping in mind the context of critical
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B.

Application

In this work, several dashboards were developed (sum,
average, mode, max, and min). These panels address
Admissions from emergency, urgency, other ICU, other
hospitals, other, Admission type (urgent or programmed),
disease, vital signs, ventilation, therapeutics (medications,
dosages), patient information (sex, age), clinician, date
(day, month, year, hour), type and others. In the next
images, it is possible to observe some of the contents
developed. Figure 2 refers to a dashboard where it is
possible to verify the total number of patients admitted to
the Intensive Care Unit (ICU). Here, we can know the
admissions regarding the origin of the patients by service
(SERVICO, DESP) and the number of admissions by sex
(SEX), which, in this case, they were mostly male, with
1738 cases of this sex and only 1139 of the women. In
Figure 2, it is also possible to see that 102 patients had a
cardiac issue (insufcardiac) and 36 used a pacemaker; 40
patients did chemotherapy and 28 a radiotherapy. Finally,
123 patients were taking insulin.

Figure 3. An example of Dashboards developed - data from patients
admitted to the ICU of CHP.

IV.

CONCLUSION

This paper presents the first overview of a Business
Intelligence solution developed in an Intensive Care Unit.
In this study, the SWOT analysis shows that the
Information Security is the primary concern and the data
availability (anywhere and anytime) is the main benefit of
PHC. Complementary, this paper also showed the first
application images.
After a first analysis, the intensivists consider this
application interesting; however, it needs a deeper clinical
analysis done by them. A Business Intelligence
Application provides only the data in an intuitive way.
Then the professionals make the results analysis with the
focus on the contribution of it to their decision-making
process.
In the future, the intensivists will perform a deep
analysis of the dashboards. Other panels are being
developed, and then the final solution will be deployed in
the real environment.
ACKNOWLEDGES

Figure 2. An example of Dashboards developed - total number of
patients admitted to the Intensive Care Unit.

In Figure 3, it is possible consulting the data collected
from patients admitted to the ICU of CHP and some of
their characteristics, such as the episode number of
hospitalisation
(EPISODIO),
process
number
(PROCESSO), sex (SEX), date Birth (Year, Quarter,
Month, Day).
During the period of October 2010 - March 2016, ICU
had 2877 patients (1738 Males and 1135 females)
admission with an average of 66,91 years old. 50% of the
admissions came from either ICU or cardio service
(UIHC).

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

This work has been supported by Compete: POCI-010145-FEDER-007043 and FCT - Fundação para a Ciência
e
Tecnologia
within
the
Project
Scope
UID/CEC/00319/2013.
REFERENCES
[1]

[2]

[3]

[4]

V. Rafe and M. Hajvali, “Designing an architectural style for
Pervasive Healthcare systems.,” J. Med. Syst., vol. 37, no. 2, p.
9927, Apr. 2013.
G. Sudha and R. Ganesan, “Secure transmission medical data for
pervasive healthcare system using android,” in 2013 International
Conference on Communication and Signal Processing, 2013, pp.
433–436.
M. Weiser, “The computer for the 21 st century,” ACM
SIGMOBILE Mob. Comput. Commun. Rev., vol. 3, no. 3, pp. 3–11,
Jul. 1999.
D. Saha, “Pervasive Computing: A Vision to Realize,” in Advances
in Computers, vol. Volume 64, V. Z. Marvin, Ed. Elsevier, 2005,
pp. 195–245.

40

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

[5]
[6]

[7]
[8]

[K. Lyytinen and Y. Yoo, “Issues and Challenges in Ubiquitous
Computing,” Commun. ACM, vol. 45, no. 12, pp. 63–65, 2002.
T. V. Prabhakar, U. Mysore, U. Saini, K. J. Vinoy, and B.
Amruthur, “NFC for Pervasive Healthcare Monitoring,” in 2015
28th International Conference on VLSI Design, 2015, vol. 2015Febru, no. February, pp. 75–80.
F. Portela et al“Pervasive and intelligent decision support in
Intensive Medicine – the complete picture.” Springer, 01-Jan-2014.
[F. Portela, M. F. Santos, and M. Vilas-Boas, A pervasive
approach to a real-time intelligent decision support system in
intensive medicine. Springer, 2012.

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

41

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

Future Directions of Applying Healthcare Cloud for Home-based Chronic Disease
Care
Yan Hu, Sara Eriksén

Jenny Lundberg

Department of Creative Technologies
Blekinge Institute of Technology
Karlskrona, Sweden
e-mail:{yan.hu, sara.eriksen}@bth.se

Department of Media Technology
Linnaeus University
Vaxjo, Sweden
e-mail: jenny.lundberg@lnu.se

Abstract— The care of chronic disease has become the main
challenge for healthcare institutions around the world. To meet
the growing needs of patients, moving the front desk of
healthcare from hospital to home is essential. Recently, cloud
computing has been applied to healthcare domain; however,
adapting to and using this technology effectively for home-based
care is still in its initial phase. We have proposed a conceptual
hybrid cloud model for home-based chronic disease care, and
have evaluated its future feasibility by a case study of diabetes
care in Blekinge, Sweden. In this paper, we discuss some
possible future opportunities and challenges to apply this cloud
model with the huge population for home-based chronic
diseases care. To apply this model in practice, a professional IT
healthcare education team is needed for both healthcare
providers and healthcare recipients. For home-based
healthcare, a monitoring system with an automatic alarm to
healthcare providers is also necessary in some cases. Also, how
to record and integrate excises data through wearable devices in
a cloud should be considered. Given the high demand, sharing
medical images through the cloud should be another research
focus.

[2]. All of the ICT technologies could help improve the quality
of home-based healthcare.
In recent years, cloud computing has been used to support
healthcare. The obvious advantages of cloud computing, like
big data storage, pay-as-go online software services, and
powerful data analysis capacity make it a great benefit to
apply cloud computing in home-based healthcare [3]. In our
previous work, we have proposed a conceptual hybrid
healthcare cloud model for home-based care. Moreover, we
have tested the feasibility of the model by a case study of
diabetes care in Blekinge, Sweden [4]. We believe that cloudbased solution is a future trend of healthcare technology. To
prefect and realize our hybrid healthcare cloud in large-scale
population, there are other technologies to be further explored.
This paper mainly discusses future opportunities and
challenges of applying cloud model with the huge population
for home-based chronic diseases care. Section 2 is a brief
introduction of our research project, while in Section 3, we
give a brief description on our Swedish case study. Section 4
lists some opportunities and challenges are discussed in
Section 5. Conclusion and the suggestions of future work
conclude the paper.

Keywords-future trends; hybrid cloud; chronic diseases;
home-based care

II.
I.

INTRODUCTION

The care of chronic disease has become the main challenge
for healthcare institutions around the world. According to a
WHO report in 2014, almost 90% of deaths in Sweden are
caused by chronic diseases [1]. As the incidence and
prevalence of chronic diseases continue to increase, traditional
hospital-based healthcare is less able to meet the requirements
of patients. To meet the growing needs of patients, moving the
front desk of healthcare from hospital to home is essential.
Home-based healthcare could enable the care recipients to live
independently at home. Healthcare providers could reach the
patients based on their shared daily health data, and provide
clinical suggestions. Also, for home-based healthcare, more
people are encouraged to assist with the care, such as family
members and other patients with similar symptoms.
The development of Information Communication
Technology (ICT) has enabled people to enter a modern
digital society. Our quality of life is promoted by the
application of ICT in all fields. In the healthcare domain, by
widely using personal computers, smartphones, and other selfmonitoring devices, ICT has brought healthcare in a new era
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HEALTH IN HAND PROJECT

The Indo-Swedish R&D project Health in Hand –
Transforming Healthcare Delivery is a project funded by
VINNOVA (Reg.No.2013-04660) for three years. The main
objective of the project is to establish long-term Indo-Swedish
R&D collaboration around leading-edge applied health
technology, with a focus on mobile health services, namely
mHealth. mHealth technologies usually mean “medical and
public health practice supported by mobile devices, such as
mobile phones, patient monitoring devices, personal digital
assistants (PDAs), and other wireless devices [5]”. In this
project, we mainly refer to “mobile services which inform,
motivate and enable individuals to manage their own health
information and knowledge sharing, as well as support
communication and community building among both patient
and caregiver communities [6]”. The project uses
participatory design as a research approach, to focus on the
local design of design methods, techniques, and tools that
promote participatory design for mHealth development [7].
One of the aims of the project is to discover possible
solutions to enhance collaboration around the complex
systems which are the base for innovative mobile technologies
in healthcare among different healthcare providers and
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between healthcare providers and recipients. In the final year
of the project, the study is focusing on concerning up-scaling
and commercialization of mHealth technologies in
collaboration with industry and public sector [6]. In the
beginning of the project, we tried to develop applications
based on mHealth technologies. When we had our first
Swedish case study, we found that there were already a
number of mobile applications in the market, so we move our
research focus to how to integrate these mobile applications
into current healthcare system.
III.

A CASE STUDY IN SWEDISH DIABETES CARE

In our previous work, we have studied on how to adapt
cloud computing to healthcare domain and have proposed a
conceptual hybrid cloud model for home-based chronic
diseases. In this conceptual model, healthcare recipients using
mHealth technologies for self-recording home-based
healthcare data, and communicating with their healthcare
providers, is one of the key elements. Within the scope of the
project, we have conducted a two-step case study in diabetes
care. The purpose of this case study was to improve the
conceptual model and test its feasibility on one hand, and to
explore some possible technical trends for up-scaling and
commercialization of this model on the other hand [4]. The
improved model is shown in Figure 1.
This model is a hybrid cloud model, which contains
private clouds from the hospital and primary care centers, as
well as public clouds for home-based self-management data.

This model is based on that diabetes patients can measure their
blood glucose and other parameters themselves at home via a
few devices and upload the values to the app’s public cloud
automatically. The secure connected public cloud of the app
not only stores the data, but also deals with the data with the
help of powerful data processing capacity of cloud computing
to monitor the threshold values and create different kinds of
reports. The doctors at the hospital can access the public cloud
if they have the authorization of their patients. Between the
hospital’s and primary care centers’ private clouds, there is an
internal journal system for sharing partly patients’’ data
sharing. All these ways of sharing data already existed in
Blekinge, as well as other counties in Sweden. The improved
communication between patients and primary care providers
is the most pressing demand of the day.
This model visualizes the current data sharing of homebased diabetes care, as well as provide a cloud computing
solution to enhance collaboration around the healthcare
systems and moblie applications based on mobile
technologies. For other types of chronic diseases, this model
could also be used for data sharing. From our interviews with
both healthcare providers and healthcare recipients, we found
that it is feasible to apply this hybrid cloud in future homebased healthcare. For the model’s up-scaling and
commercialization, there remains future work to be further
explored.

Share some selective
information from internal
journal system

Primary cares’ private
cloud

Hospital’s private cloud

Doctors can
access the data

Access the part of
patient record
through 1177

Alarm to the
care providers

Responses

Public Cloud

Home-based care
Figure 1. Conceptual hybrid cloud model [4]
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IV.

FUTURE OPPORTUNITIES

A. Professional healthcare IT education
From our case study, we found that all eleven participants
feel ICT technologies have developed very fast, and it is quite
difficult for them to follow the steps of the development. The
lack of IT knowledge sometimes reduces the enthusiasm of
users to try new ICT technologies in healthcare. Especially
with mobile technologies used for home-based healthcare,
healthcare recipients thought it was healthcare providers’
responsibility to teach them to use the mobile applications or
self-recording devices. However, most of the healthcare
providers thought they were not good at technology
themselves. Although there are use guides from the service or
device providers, the healthcare recipients still ask lots of
technically related questions to their healthcare providers.
From our case study, we were surprised find that healthcare
providers are less interested in adopting new ICT technologies
than healthcare recipients. The reason is that they felt their
main work is diagnosis and treatment, and that using new
technologies reduced their work efficiency in some way.
In this situation, building up a professional healthcare IT
education team is of utmost importance. This education team
should be built by people who have certificated knowledege
in healthcare technology. It could be supported by government
or set up as an independent commercial organization. The
educational programs provided by this team should address
both healthcare recipients and healthcare providers. For
healthcare providers, training on their working systems and
the communications between these systems could be offered
frequently, like once a year. Since in chronic diseases care,
self-management is a key factor [8], the education to help
healthcare recipients to use different ICT technologies for
self-management would be the main focus.
B. Mobile doctor
Another trend of home-based chronic diseases healthcare
is the mobile doctor. The mobile doctor here refers to having
a communication with a primary care doctor through a phone,
tablet or computer. Healthcare recipients could receive
primary care at any place of their convenience. In Sweden,
there are two of this kind of services on the market, KRY [9]
and Min Doktor [10]. The difference between these two
services is that KRY provides a booked 15 minutes video
meeting with doctors while Min Doktor provides the
communication with the doctors with messages all day round.
Both these two services are linked with personal ID;
healthcare recipients must log in with their social security
number. This will guarantee the healthcare recipients could
receive the same benefits as they are visiting local primary
healthcare centers.
Both these services are still in their beginning phases. In
the future, we believe more and more chronic disease
healthcare recipients will choose this type of remote primary
care to communicate with their healthcare providers. How to
promote and improve the quality of these mobile doctor
services should be under discussion.
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C. Real-time monitoring system
In Sweden, most patients with chronic diseases now
contact more often with primary a healthcare center than with
a hospital, which means primary healthcare centers take more
responsibility for chronic diseases care. However, from our
case study, we found that the communication between patients
and primary healthcare centers is still based on regular mail
and telephones.
As big data in the cloud brought a revolution in healthcare
[11], a real-time monitoring system with alarm could be a
possible mechanism for primary care. The calculated
threshold values by the big data in the public cloud, together
with healthcare providers in primary healthcare centers, can
help the patients to set threshold values for their daily health
parameters. When a patient’s self-recording data is uploaded
at home, and the values reach the threshold values, the data
processing program in the public cloud can send an alarm to
the responsible primary care center. As soon as the care
providers see the alarms, they could contact the patients and
give them some feedback. The design and development of this
real-time monitoring system could be another future direction
to apply a healthcare cloud for home-based chronic diseases
care.
D. Wearable devices to record excise data
According to WHO, lack of physical activities is a
significant risk factor for chronic diseases such as stroke,
diabetes, and cancer. However, an estimated 23% of adults
and 81% school-going adolescents are not active enough [12].
In most cases of chronic disease care, healthcare providers
suggest their patients do daily physical excise as the main
method to control their condition. With the widely use of
wearable devices, it is possible for people to record their
excise data[13]. Today most data recorded by the wearable
devices is stored in device companies’ servers. With the 5G
network [14] and several sensors that are being introduced
into the healthcare environment, and which provide even more
healthcare data.
In the future, integrating this excise data with other homebased self-management data from both mobile applications
and sensors will be an important trend.
E. Medical images sharing
The huge data storage capacity in the cloud makes it easier
to store and process medical images. This will promote
medical image sharing between healthcare providers and
recipients. In Blekinge, Sweden, until now, there is no such
kind of medical image sharing system, but the demands are
keen according to our case study, especially for aged people
who live independently. They want to bs able to take photos
of wounds at home and send them to the healthcare providers
in wound centers, which would be better than regular visiting.
Moreover, the healthcare providers in wound centers also
thought it could save time to treat the wounds.
A multi-functional medical image sharing mobile
application could be a future research orientation. For
example, how to pre-process the wound images before the
healthcare providers review them, such as wound highlight,
3D visualization, are worthy of consideration.
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F. Games for health
Mobile games have a significant influence on people’s
physical activities, as illustrated by the success of Pokémon
Go [15]. Games for health are not limited to serious games
anymore. Designing an entertaining and fun digital game to
encourage patients with chronic diseases to do more excises
or an educational mobile game to help the healthcare
recipients to get more knowledge of their diseases could be a
new interest for both game and healthcare industry.
V.

FUTURE CHALLENGES

Challenges to future development of healthcare cloud in
home-based chronic diseases care also need to be carefully
considered and addressed
A. User-friendly information system design
Most patients with chronic diseases are aged people. Thus
the new information systems designed for home-based
chronic diseases need to be user-friendly. In additional, smart
tablets are easier to use for aged people than smartphones
since the screen is bigger.
B. Data leakage of public cloud
In home-based healthcare, most self-recording data from
home environment is stored in public cloud. Thus, it is a risk
of data leakage. Access control and data security protection
are always necessary for healthcare related data.
C. Reliability of third party healthcare services
There are a huge amount of healthcare mobile applications
to support home-based chronic disease care, but not all of
them are reliable. According to study on medical related
mobile apps, less than half of the studied apps are reliable[16],
which means if healthcare recipients use these unreliable apps,
they may get wrong information and advice about their
diseases. To overcome this challenge, the companies provided
healthcare services, responsible government agencies and
mobile app users should make efforts together.
VI.

CONCLUSION AND FUTURE WORK

We found that our cloud model is feasible to be applied in
home-based chronic disease care in the future. It will help to
promote patient-centric healthcare in Sweden. In this paper,
we mainly address the future trends of applying healthcare
cloud for home-based chronic disease care. To upscale and
commercialize the healthcare cloud, professional healthcare
IT education, mobile doctors, real-time monitoring systems,
wearable devices to record excise data, medical image sharing
and games for health could be the main future directions.
User-friendly design, data privacy and security, and reliability
of services would be challenges to promote healthcare cloud
development. In the future, we will put the focus on one or
two above issues in our continued research.
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Abstract— Today, health care systems face a number of
challenges related to technological developments. This
work in progress is a new Swedish initiative for

collaboration between nursing science and engineering
focusing digitization, demographics and participation.
The initiative aims at understanding how digitization
affects patients and health care professionals and the
role of engineers and how this collaboration proactively
contributes to systems that support caring and nursing.
The presentation expects input on the programs
substance and boundaries and whether this initiative is
fruitful to create sustainable health care systems.
Keywords; collaboration, nursing science, caring science,
engineering, patient support, digitization.

I . INTRODUCTION
Today, health care systems face a number of challenges
related to technological developments. The Global
Commission on Education of Health Professionals for the
21st Century describes a mismatch between the care offered
and people's demands and needs; lack of cooperation;
discontinuous care chains; tenacious hierarchies, and not
least, a focus on technology founded on flawed
understanding of the context in which the technology is
used [1]. The gender system that locks structures what
perceived as male and female work is deemed particularly
difficult to change. Significant is also the lack of good
examples of how to meet these types of challenges. Other
publications confirm these results, reporting on a lack of
accuracy in technological support for health care, not least
the confidence in individual solutions. There are reports on
an imbalance between the success factors in health care increased life expectancy and better treatments - and the
expectations of what you want done and what to expect [2]
[3]. At the same time, the belief in technology as the
ultimate solution still prevails. The Swedish Society for
Nursing identifies a lack of knowledge about the impact of
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technology on caring interventions. To meet this, they
emphasize individual health as an important aspect to
investigate and call for possibilities to actively participate in
design, implementation and assessment of new technology
[4] [5]. Others stress the economic values of returning to
patient centred strategies [6]. To mention one example,
creating digital health care records and digital information
to citizens are among the most difficult tasks to accomplish
despite the wide access to Internet and digital
infrastructures. Google declared a few years ago that their
investment in Google Health was one of their biggest
failures due to its complexity [7]. Instead they are now
developing databases focusing on health and aging sciences.
Another way to meet these challenges is through
multidisciplinary initiatives between scientific disciplines
and between academy and industry. Today there are a
number of examples of international multidisciplinary
collaboration, e.g., the Bio design Fellowship program at
Stanford University since 2003 which is also implemented
in Sweden as The Centre for Technology in Medicine and
Health (CTMH). These types of commitments are key
elements in promoting interdisciplinary research and
development in medicine focusing problem-solving in
general. However, it is rarer to find a technology focus in
relation to nursing and caring.
Section 2 describes the rationale behind the organization
of a new collaboration between engineers and nurses to
meet the challenges pointed out above. Section 3 describes
the aim more in specific with emphasis on digitization
effects on inter-professional collaboration and the
dependency on active patients to make technology work in
their social context. In section 4 and 5 some arguments are
presented to why nursing and critical technology research is
a relevant combination to set the agenda for this new
collaboration. Section 6 summarizes the main conclusions.
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II. NEW INITIATIVE TO MEET THE CHALLENGES
With this background we would like to present a new
Swedish initiative for collaboration between nursing science
and engineering, initiated jointly between KTH, the Royal
Institute of Technology and SRCUC, the Swedish Red
Cross University College in Stockholm. The reason for
submitting this work in progress at this conference is to
gather input and comments on two main issues. The first
one is whether this is a fruitful strategy to create more
sustainable health care systems. The second issue is how we
in a multidisciplinary collaboration can work to define
“Technology in health care”, its substance and its
boundaries.
The collaboration between KTH and SRCUC is
implemented in parallel with a new interdisciplinary
postgraduate program - Technology in Health Care (in
Swedish: Teknisk vårdvetenskap) at KTH and as a part of
the nursing science program curriculum at SRCUC. The
Nursing Science program at SRCUC will therefore have a
unique technological profile, added to its 150 year tradition
of training nurses. At KTH, the Department for Technology
and health will be given new opportunities for research into
how technology works in caring settings.
The aim of the collaboration is to create sustainable and
effective systems of health care through increased
knowledge about how technology affects people's
opportunities to regain their health and more proactive
nurses and engineers participating in design and innovation
processes which also enhance patient safety. The technology
focus is digitization encompassing both biomedical
engineering used by health care professionals in hospitals,
and home health care systems, as well as digital tools used
by both health care professionals, citizens at home and in
mobile settings. Demographic developments will be key
focusing on children and older populations, the groups that
will increase the most until 2050. Many projects fall outside
the boundaries of eHealth, yet include the combination of
technical skills and caring skills to solve the problem at
stake. Digitization is central. It is estimated that within a
decade, the majority of the world’s population will have
accesses to virtually all the world's information in a machine
that fits in its own palm. These profound changes occurring
within one generation naturally has a great impact on the
Red Cross, which together with the Red Crescent, is the
world's largest non-profit organization (97 million
members). Digital media, robots and sensors, create new
opportunities to practice disaster response and care, in
dangerous situations and in the monitoring of health.
The SRCUC-KTH collaboration was initiated jointly in
2012, a professor was installed 2014 and 2016 we are
moving from preparations and discussions to research and
education activities supported by structures for training,
qualification, publication and projects.
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III.

PROGRAM CONTENT AND GOALS

The aim is to understand how digitization affects patients
and healthcare professionals and proactively contribute to
functioning systems that support caring and nursing. With
digitization we refer to the on-going development from a
hospital- and function-based organization focused on
patients, diseases, wards and elimination of risks with single
technical applications, towards a focus on health, home
health care such as cancer and palliative care, monitoring
and communication on distance, digitized and accessible
patient care records requiring active patients and citizens
and more of inter-professional collaboration and teamwork
between health care professionals. These shifts in the way
care and contacts with citizens are understood is underway.
Our analysis goes even further, focusing on-going
developments and implementations of patient safety outside
hospitals and between hospitals and homes, distance surgery
and design of self-care devices, the use of robotics,
genetically guidance and other new roles for nurses. The
critical input from this program to influence this
development is a proactive approach including the ability to
collaborate with engineers, initiate and formulate relevant
research questions. The theoretical foundation for this
critical input will be Science-Technology-Studies research
providing insights on the configuration of users and contexts
and from Informatics and Implementation science providing
knowledge on participation in implementation of health
information systems. This is expected to offset the dominant
paradigm of deterministic and paternalistic views leading up
to a mismatch between the care offered and people's
demands and needs; lack of cooperation; discontinuous care
chains; tenacious hierarchies, and not least, a focus on
technology founded on flawed understanding of the context
in which the technology is used. The research environment
at KTH and SRCUC in which this program is developed
include other programs which will be expected to make
considerable input to the multi-disciplinary approaches,
such as care logistics engineering, ergonomics, monitoring,
nursing and public health.
To be proactive requires knowledge about technological
developments and the ability to collaborate with engineers
and participate in design and innovation processes both for
healthcare professionals and concerned citizens. The first
attempts to joint learning opportunities for engineers and
nurses were successful and will continue this year The
exercise is organized as a part of the curriculum in which
students in nursing and students to become medical
engineers collaborating around a report from the Swedish
Accident Investigation Authority about a serious failure at a
Swedish hospital involving medical technology and a
patient. The meeting received very positive feedback and
created a broader perspective on each other's responsibilities
and the role of technology in a real life setting. For the
moment the research group includes one professor from the
engineering department with a STS-background, two PhD in
medicine and nursing, one PhD in medical education related
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to informatics, three assistant professors, two PhD students
and two project employed persons. The first six years of this
collaboration is based on joint funding from KTH and
SRCUC and from external funding. For the moment the
external funding include a China-Sweden collaboration
building home health care and housing for ageing
populations; development of medical devices and patient
safety funded by Swedish and Norwegian foundations; child
intensive care developments funded by Karolinska hospital;
digital ethics funded by Swedish foundations; and Age
Management funded by Swedish Industry and a Swedish
Research Council. The professor leading this group has for
thirty years been dedicated to research and development in
aging, technology and design and was responsible for ten
years for the Ageing and design program at Lund
University, where she still holds a visiting professorship.
Her publications include a range of projects with old people
participating in design and implementation. The first articles
in this context were published by Mattsson & Stevens [15]
[16] and Björling on coated endotracheal tubes and central
venous catheters with focus on patient safety [17] [18].
During the same period Östlund published several articles
on robotics and ethics [19] [20] [21].
The result of this program are expected to reinforce the
participation of citizens and health care professionals in
designing future health care, and as a consequence
broadening the innovation capability in health care and
citizens' trust and confidence in the health care system. The
most tangible results in the short term is expected to be
technology that does not impair care but that facilitates and
enhances people's opportunities to recover and maintain
their health.
IV.

THE RELEVANCE OF NURSING AND CARING SCIENCES

Nursing is central in the development of future health
care. In the Nordic countries, nursing as a research subject,
have for thirty years, developed in parallel with “caring
sciences”. Both have been expansive including caring
informatics and caring theory. Nursing, which is the broad
international field, has its focus on guiding nurses in
practice such as routines and regulations and patient safety.
Caring sciences, published in Journals, such as the
Scandinavian JN for Caring Sciences among other JN,
originate from phenomenology and the interest to
understand principles for utilization [8] [9] [10]. Caring
science is today related to person-centred care, selfsufficiency and independence. Especially since the core of
caring has been revealed as central, holistic, individualized
and at the same time providing expert physical care
combined with fulfilling emotional needs in an adaptive
environment [11]. As digitization increasingly moves in to
the realms of health and self-care, the relationship between
the caregiver and the individual citizen, patient or care
receiver, becomes more important. Result from innovation
and implementation research have not yet been applied in
this field but can be important to promote”self-care
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management, personalized medicine” and consequences of
the demographic development [12] [13].
V.

TECHNOLOGY DEVELOPMENT

Technology development today is leading to greater
complexity. We are now entering a new phase where it is
more about interconnected systems and no longer just
individual applications. Today, the use of different types of
IT applications is not unknown to anyone in health care.
“APPS”, digital patient records, alarms, sensors for
monitoring health, social robots, “robocats”, digital
incontinence, remote surgery, decision support for
diagnosis, balance training for stroke sufferers are all
examples of products that can add value”. Many of these
examples have been shown to increase the quality of care
and have already become successful business solutions. At
the same time, this raises awareness about the fact that
individual technical artefacts are hardly the solutions to the
health care problems. This leads to a number of questions
which need to be addressed: How can we permanently and
sustainably integrate new applications in health care? What
is the best way to implement accurate solutions in health
care with a comprehensive and ongoing digitization?
Another important question concerns what is called the
technological imperative in relation to caring values: are we
always obliged to do what can be done in terms of
technological development? Or can we find ways to criticize
such deterministic views? Although technology is closely
associated with the development of modern medical care,
the relationship to technological development is divided
[14]. Here is a criticism that high-powered specialization
risks creating problems and become counterproductive. The
German philosopher George Henry Gadamer asserted, for
example, that it is precisely in highly developed technical
civilizations that the phrases "quality of life" and "whole"
are expressed, because something has been lost (15).
Meanwhile, with a critical perspective on technology
development, we can see that technology has a special
attraction and that it has become a force for change. It also
becomes apparent that a narrow technical perspective
sometimes tends to give healthcare professionals the role of
managing technology instead of people. It also contributes
to the technological imperative i.e., what is possible to be
measured must be measured even if the benefit is unclear.
VI.

CONCLUSIONS

This short paper suggests that a program based on
multidisciplinary collaboration between nursing and
engineering is one of the key strategies to make digitization
in health care sustainable. Although this can be expected to
solve many of the problems addressed in the literature it is
not enough. A theoretical reflection is also needed that
questions the prevailing paradigm where technology is
regarded as a tool independent of the influence of the
context in which it is used. Such critical input will open up
for more proactive strategies including the understanding of
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how digitization affects patients and how to increase
participation in design and implementation of health
information systems.
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Abstract— This study aims at evaluating the economic effect of
a e-ambulance project, or emergency telemedicine in the rural
areas in Kouchi Prefecture in Japan. The focus is on
ambulances equipped with ICT devices which transmit images
of acute patients to remote hospitals. Kouchi Prefecture started
the e-ambulance project in Aki and Muroto Cities in 2012.
From two cities, it takes approximately one hour to reach
emergency hospitals located in Kouchi City, the prefectural
capital. One of the merits of e-ambulance with the image
transmitting system is that doctors in accepting hospitals can
monitor real time situation of a patient and prepare for
necessary treatment prior to the time patient arrives. They
thus save time and effort. In measuring benefit, this study
employs different methodology; the e-ambulance project
enhances wellness of residents since they perceive more secure.
Thus the contingent valuation method (CVM) is applied and
willingness to pay (WTP) is used as an index of benefit and
estimated based on surveys to residents, which amounts to
1,747 yen per resident per year. Total cost calculated is
381,792,228 yen over three years, and accordingly, B/C ratio
amounts 0.459.
Keywords- e-ambulance; WTP; Cost-benefit analysis; CVM;
B/C ratio.

I. INTRODUCTION
e-Health has been implementing in many countries, and
in order for the system to be diffused further, there are still
lots of obstacles such as the legal framework, economic
foundations of implementations, and other regulations. All
medical systems were established in the age of face-to-face
medicine fair prior to e-Health. To overcome these obstacles,
it is required to demonstrate its effectiveness, that is, eHealth contributes to efficiency of medical services and
enhances wellness of people [1]. Therefore, its costeffectiveness must be proved by comparing its benefits and
costs. The latter consists of equipment such as servers and
peripheral devices, salaries and wages of doctors and nurses,
and maintenance fees such as communication charges and
other miscellaneous operating costs. On the other hand, to
obtain its concrete benefits in monetary terms is analytically
difficult, since the benefits mainly come from users’
subjective satisfaction which is difficult to measure [2][3].
Without a firm basis of its cost-effectiveness, the future
sustainability of the e-Health cannot be guaranteed.
The authors have been analyzing the benefits or merits of
e-Heal in terms of the amounts of medical expenditures or
treatment days saved by e-Health employing different
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methods, which are mainly statistical analyses [4]-[9]. These
analyses became possible since the precise data of medical
expenditures or treatment days were obtained. Based on the
construction of the database, the effect of e-Health on these
out comes were estimated for the various objectives or
methods. The effect in the long-term effect such as 10 years
is the example of the former [7], whereas the estimations
without biases such as [5][8] are those of the latter. On the
other hand, this study takes a different method other than
statistical and focuses on the comparison of costs and
benefits of e-Heath. In this sense, this paper examines eHealth in terms of cost effectiveness.
In order to measure the benefits of public services such as
e-ambulance which are not traded on the market, the
following methods are utilized in this field: (a) travel cost
method: (b) replacement costs method; (c) hedonic approach;
and (d) contingent valuation method (CVM). In what
follows, this study employs CVM, which has been recently
widely adopted in the fields of health economics and
environmental economics [10][11][12]. CVM measures the
benefits to users in terms of willingness to pay (WTP), which
is the monetary amount that users want to pay for receiving
the service. By asking WTP of each user, we can then
construct the surrogate demand function for the e-Health
service. It should be noted that this paper utilizes the results
of economic evaluation of e-Health for the assessment of a
project which aims to introduce the system. If the system is
not introduced yet, it is impossible theoretically to evaluate a
project by asking residents about WTP. CVM, however, can
be applied even in this case, since it asks imaginary
questions to people relating to benefits [13]. Although CVM
and WTP have a strong theoretical basis, CVM tends to have
a bias because it asks for concrete valuation and choice under
fictitious circumstances. Care should be taken to clarify what
kind of bias it possesses and to remove them.
This paper aims to analyze the Cost/Benefit analysis of the
e-ambulance project in two cities in the rural and
depopulated areas in Japan: Aki City and Muroto City,
Kochi Prefecture. Ambulances are equipped with ICT
devices which transmit images of patient to remote hospitals.
In the depopulated areas, the number of clinics and medical
specialist is small and a patient with acute disease or
wounded by accident must be transported to hospitals with
full facilities. Traditional ambulances are equipped with the
mobile communication system only for voice or facsimile,
and accordingly information transmitted from the ambulance
to hospitals is limited. Kouchi Prefecture started the e-
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ambulance project in Aki and Muroto Cities in 2012. From
these two cities, it takes about approximately one hour to
reach emergency hospitals located in Kouchi City, the
prefectural capital. One of the merits of e-ambulance with
the image transmitting system is that doctors in the accepting
hospital can monitor real time situation of a patient and
prepare for necessary treatment when patient arrives. They
thus save time and effort.
The analysis in this study provides not only the firm
theoretical basis of evaluating e-Health project but also
practical guideline for regions which plan to implement eHealth. In particular, surveys to residents were conducted not
only above two cities but also Ino Town, Kochi Prefecture,
which plans to implement e-ambulance. In this context, we
can compare how WTP is different between two types
regions which are implementing or not, we can compare expost and ex-ante WTP. This study therefore leads to useful
information to local governments which plan to implement
e-Health.
The structure of the paper is as follows: In the next
section, the surveys to residents and their results are briefly
summarized and explained. Section III estimates WTP based
on the data. The content of various costs and the comparison
with benefits are analyzed in Section IV. The brief
conclusion and further analysis are presented the final
section.
II.

SURVEYS CONDUCTED

A. Aki and Kuroto Cities
In this section, let us briefly describe Aki and Muroto
cities. These neighboring cities are located in east Kochi
Prefecture. They are mountainous and face the Pacific
Ocean. Their primary industries are agriculture and fishery.
Their population is declining, while the percentage of the
elderly is increasing. Aki City with the area of 317.37km²
has 18,657 residents and 8,055 households, and the elderly
ratio is 29.14%, while Muroto with the area of 248.25 km²
has population 17,490 and 7,598 households, and its elderly
ratio is 32.94%. There are 42 in Aki City and 23 clinics in
Muroto City, but no tertiary emergency medical facility in
two cities and therefore patients who emergency services
need have to be transferred to Kochi City. This is the
background of the e-ambulance project.
B. Surveys to residents
The surveys were conducted to residents in Ino Town on
November 5, Aki City on November 18 and Muroto City on
November 19, 2013. We interviewed 62 in Ino Town, 55 Aki
City, and 47 Muroto City, totaling 164, and asked questions
pertaining to the following: (a) WTP; (b) effectiveness; (c)
frequency of usage; and (d) user properties such as age,
gender, income, education, and health condition. These are
supposed to affect WTP of residents.
Let us examine characteristics of residents who replied to
our questionnaires. 76 are males, while 85 are females
(TABLE I). The average age is 42.7 (TABLE II) and
regarding education, high school, junior college, and
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university and higher are equally distributed (TABLE III).
153 are still working, while 8 not working (TABLE IV). The
average family size is 2.9 (TABLE V), and people living
alone and living with wife or husband share more than half.
The number of children and grandchildren living in the same
city is shown in TABLE VI. Regarding health condition,
more than two-thirds replied either good, fair or all right
(TABLE VII). Accordingly, the average frequency of
visiting medical institutions per month is 1.6, and more than
90% reported no necessity for outside medical help, and
these are due to their average ages (TABLE VIII). Even
though two cities located depopulated areas, they are enough
neighboring clinics, and the most of them live close to clinics
(TABLE IX).
TABLE I. GENDER

1 Male
2 Female
Total

Freq.
76
85
161

%
47.2
52.8
100

TABLE II. AGE DISTRIBUTION

Age
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
total

Freq.
12
13
6
16
17
24
29
22
10
6
4
1
160

%
7.5
8.1
3.8
10.0
10.6
15.0
18.1
13.8
6.3
3.8
2.5
0.6
100.0

TABLE III. EDUCATION

Freq.
5
56
51
49
161

1. Junior high school
2 High school
3 Junior collage
4 University and higher
total

%
3.1
34.8
31.7
30.4
100.0

TABLE IV. EMPLOYMENT

1 Working
2 Not working
total

Freq.
153
8
161

%
95.0
5.0
100.0
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TABLE V. NUMBER OF FAMILY

Freq.
15
27
38
0
12
3
135

0
2
3
4
5
6
total

III.

%
11.1
20.0
28.1
0.0
8.9
2.2
100.0

TABLE VI. NUMBER OF CHILDREN AND GRANDCHILDREN
LIVING IN THE SAME CITY

0
1
2
3
4
5
6
total

Freq.
123
14
9
9
3
2
1
161

%
76.4
8.7
5.6
5.6
1.9
1.2
0.6
100.0

TABLE VII. DISEASES TREATED

Diseases
1 High blood pressure, Atherosclerosis
2 Heart diseases
3 Diabetes
4 Stroke
5 Chronic Gastritis, Gastric ulcer
6 Assume
7 Backache, arthritis, rheumatism
8 Gglaucoma, cataract
9 Rrenal disease, kidney failure
10 Hemorrhoid
11 Others
total

Freq.
11
1
2
1
3
1
6
1
3
0
11
40

TABLE VIII. FREQUENCY OF VISITING CLINIC

Number
10
2 1-2
3 3-5
4 6-9
5 more than10
total

%

Freq.
90
66
1
0
0

57.3
42.0
0.6
0.0
0.0

157

100.0

TABLE IX. MINUTES TO THE NEAREST CLINIC

Time
1 less than 10 minutes
2 10-less than 30
3 30-less than 60
4 60-less than 2 hours
total
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%

79
52
16
9

50.6
33.3
10.3
5.8

156

100.0
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%
27.5
2.5
5.0
2.5
7.5
2.5
15.0
2.5
7.5
0.0
27.5
100.0

ESTIMATION OF WTP

A. CVM
In order to measure the benefits of services which are not
traded on the market, the following methods are utilized: (a)
travel cost method: (b) replacement costs method; (c)
hedonic approach; and (d) CVM. In what follows, we use
CVM, which has been recently widely adopted in the fields
of health economics and environmental economics
[10][11][12]. CVM measures the benefits to residents or
users of e-Health in terms of WTP, which is the monetary
amount which users are willing to pay for receiving the
service. By asking the WTP of each user, we can then
construct the surrogate demand function for the e-ambulance
system. Although CVM and WTP have a strong theoretical
basis, CVM tends to have a bias because it asks for concrete
valuation and choice under fictitious circumstances. Care
should be taken to clarify what kind of bias it possesses and
to remove them.
B. Questionnaire
We conducted the surveys to residents in Ino Twon on 5,
Aki City on 18 and Muroto City on 19, November 5, 2013,
and asked questions pertaining to the following: (a) WTP;
(b) whether they know the e-ambulance project, (c) desire to
continue the project; and (d) user properties such as age,
gender, income, education, and health condition. The
questionnaire related to WTP is based on the three-stage
double bound method: We begin by asking whether they
would be willing to pay monthly charges of 1,500 yen
(US$15). This initial value in CVM method is important,
since WTP tends to depend on the initial value. If their
answer is “yes,” we then ask whether they would be willing
to pay 2,500 yen (US$25). If they reply “yes” again to 2,500
yen, their WTP is 2,500 yen. If “no”, then we lower the
amount to 2,000 yen (US$20). If they reply “yes” to 2,000
yen, then that is their WTP. If again their answer is “no,” we
lower the amount further to 1,500 yen. In the first question of
1,500, if the reply is “no” to 1,500 yen, then we lower the
amount to 500 yen. If the reply to 500 yen is “yes,” then we
ask whether 1,000 yen is acceptable. If the reply to 1,000 yen
is “yes,” then his/her WTP is 1,000 yen. If not, it becomes
500 yen. On the other hand, the reply to 500 yen is “no,”
then we ask how about 250 yen. If the reply is “yes,” then
WTP becomes 250 yen. If it is “no,” then we ask how much
he/she wants to pay. They reply their acceptable amounts.
These series of questions are standard in the evaluation of
issues in public services, environments, and so on.
The distribution of WTP from the survey shown in
TABLE X is as follows: more than 3,000 yen (5), 2,5002,999 yen (5), 2,000-2,499 yen (5), 1,500-1,999 yen (10),
1,000-1,499 yen (18), 500-999 yen (30), 250-499 yen (36),
and 1-249 yen (11). It should be noted that there are 33
residents responded that their WTPs is zero. After checking
their reasons, those are considered as “non-response,” and
their replies are omitted from the analysis.
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TABLE X. DISTRIBUTION OF REPLIED WTP

WTP (JPY)
Number
WTP (JPY)
Number

3,000>
5
1,0001,499
18

2,5002,999
5
500999
30

2,0002,499
5
250～
499
36

1,5001,999
10
1～
249
11

C. Estimation of demand function and WTP
Based on the above WTP of each respondent, the demand
function of the e-ambulance service is estimated; more
precisely, the probability of acceptance to amounts
questioned is estimated and the number of residents who will
agree to pay. The functional form of demand to be estimated
is assumed to be logistic, namely,
Probability of acceptance = 1- 1/(1 + exp (-α-βlogWTP)) (1)
The probability of acceptance is the ratio of the residents
who reply that they are willing to use the device at the
amount of charges provided in the questions. The estimated
coefficients α and β are summarized in TABLE XI. The
average WTP is calculated as the area under this demand
function, which results in being 1,747 yen (approximately
US$175) per resident per year. The mean value For WTP,
which is the amount that the probability of acceptance is
50%, is estimated at 1,379.45 yen. This paper uses the
average value as WTP in the analysis in what follows.
TABLE XI. RESULTS OF ESTIMATION

Coefficients
S.D.
α
18.765
1.276
β
2.596
0.175
Log likelihood function: -475.7578

IV.

t-value
14.711
14.854

p-value
0.000
0.000

***
***

COST BENEFIT ANALYSIS

A. Total benefits
In the Cost/Benefit Analysis, total benefits and costs are
compared over the period of several years. In this paper, two
kinds of the time span are used: one is three years, which is
the same as the project period, while that of five year is also
considered, which is usual period of public projects like eambulance. WTP obtained above is for per resident per year,
and it is multiplied by total number of residents, since all
residents have a chance to use ambulance. The population of
each city is 18,657 in Aki City and 17,490 in Muroto City as
of January 1, 2014, and thus total population is 36,147. Since
all residents have possibility of using ambulance, even if
they are babies or 100 years old, the numbers of residents
who receive benefit are total of two cities, we multiply WTP
1,747 yen by population of 36,147, which ends up with
63,148,089 (US$631,000). That is, one-year benefits of eambulance services total approximately 63,148,809 yen
(US$631,000). In order to obtain three and five years’ worth
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of benefits, the present values of three or five years’ benefits
are calculated with a 4% discount rate, and we assume that
population of two cities remains at the level for six years.
This results in three (five) years’ benefits totaling
175,243,694 yen (281,127,278 yen)
B. Total costs
The total cost of the system consists of two major
categories; initial fixed and annual operating costs. The
former is the items which have to pay at the first year of the
project and covers that (i) ICT hardware equipment of the
systems of transmitting and receiving images and related
equipment, (ii) ambulance, (iii) costs related to software
development and the purchase of software, (iv) installment,
and (v) initial training cost. The latter, on the other hand, the
latter is required annually and contains the followings: (vi)
salary of ambulance crew; (vii) maintenance fees which
consist of those related to hardware and software; (viii)
gasoline mainly for ambulance; and (ix) communications
charges for the wireless and wired devices. These cost items
are summarized in TABLE XII for the annual basis.
TABLE XII. COSTS OF THE E-AMBULANCE PROJECT

C.

Total Cost (single year)
1. Initial cost
Hardware (equipment)
1-A Equipment
Ambulance
1-B Ambulance
Software
1-C Software development
1-D Software
Installment
1-E Installment cost
Training
1-F Initial training
subtotal
2. Operational Cost
Salary
2-A Salary of ambulance
crew
Maintenance
2-B Software maintenance
2-C Hardware maintenance
Fuel
2-D Gasoline
Communication
2-E Communication fees
subtotal
Total

JPY

8,144,662
36,000,000
19,341,000
4,114,803
2,706,784
1,680,000
71,987,249

50,572,080
893,928
654,360
2,400,000
1,200,000
55,720,368
127,707,617

In order to obtain total costs of three (five) year period,
operational annual costs must be discounted at a 4% discount
rate. As a result, the costs of salary in three (five) years are
140,342,126 yen (225,137,915 yen), respectively, while
those of miscellaneous expense including maintenance,
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gasoline and communications are 9,990,328 yen (16,026,560
yen). Thus, total operating costs for three (five) years are
150,332,453 yen (241,164,475 yen), respectively.
C. B/C ratio
From the above calculation, benefits total 175,243,694
yen (US$1,752,436) over the period of three years and
281,127,278 yen (US$2,811,272) over the period of five
years, whereas costs total 381,792,228 yen (US$3,817,922)
over the period of three years and 472,624,250 yen
(US$4,726,242) over the period of five years. On the other
hand, total costs amount to 381,792,228 yen (US$3,817,922)
for three years and 472,624,250 (US$4,726,242) yen for five
years. Therefore, the B/C ratio over the period of three years
is 0.459 (see TABLE XIII), while 0.595 over the period of
five years, that is, benefits are about half of costs for three
year project, and about 60% for five year project (see
TABLE XIV). It can be concluded that benefits are far
smaller than costs.
Here the viewpoint is changed, that from the view of local
governments which implementing the project, that is, Aki
and Muroto Cities, they only bear the costs of operating
costs, since initial costs are borne by subsidies from the
central government, and they can bear only cost of operating
costs. The B/C ratio calculated in this way is 1.166 over the
both of periods indicating that for two local governments,
benefits exceed its costs. Thus from the view of city, this
project is favorable, and worthy to implement.
TABLE XIII. COST/BENEFIT: 3 YEARS

Total benefit B3
Initial cist IC3
Operating cost OC3
Total Cost TC3
B3/TC3
B3/OC3

JPY
175,243,694
231,459,775
150,332,453
381,792,228
0.459
1.166

TABLE XIV. COST/BENEFIT: 5 YEARS

Total benefit B5
Initial cist IC5
Operating cost OC5
Total Cost TC5
B5/TC5
B5/OC5

JPY
281,127,278
231,459,775
241,164,475
472,624,250
0.595
1.166

D. Comparison with other e-Health projects
There is no economic evaluation of e-ambulance, but the
results can be compared with other e-Health projects which
are implementation of telecare. Telecare transmits healthrelated data of its users such as blood pressure, ECG, and
blood oxygen to a remote medical institution via a
telecommunications network. The system is equipped with a
simple device which, when used continuously, records the
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condition of the elderly or a patient’s illness in graphs, which
are then used for diagnosis and consultation. Reports sent by
the medical institution are also helpful for users to enhance
their daily health consciousness and make an effort to
maintain good health. Such positive effects have been
identified through field surveys.
Tsuji et al. [14] applied the Cost/Benefit Analysis to the
telehealth systems in the following four regions in Japan:
Kamaishi City, Iwate Prefecture; Nishiaizu Town and
Katsurao Village, Fukushima Prefecture; and Sangawa
Town, Kagawa Prefecture. Benefits are expressed in terms of
WTP based on CVM, whereas the costs are calculated as the
sum of equipment, salaries of doctors and nurses, and other
operations. Then, the benefits and costs are compared in
terms of the B/C ratio, and the results obtained are shown in
TABLE XV. Since the users receive and perceive benefit
from telecare by using every day, while benefits of eambulance are less noticed by residents, WTP of eambulance tends to be larger than e-ambulance.
TABLE XV. COSTS AND BENEFITS OF TELECARE BY CVM
Unit: JPY

Number of devices
WTP
Equipment
Salaries
Others
Total costs (6 years)
B/C
(B/C)**
Number of devices
WTP
Equipment
Salaries
Others
Total costs (6 years)
B/C
(B/C)**

Kamaishi
211
4,519
39.9*
8.6*
1.9*
95.5*
1.07
1.87
Katsurao
325
1,640
111.4*
3.36*
10.4*
184.2*
0.54
1.42

Nishiaizu
400
3,177
136.7*
3.7*
1.9*
184.5*
0.58
2.31
Sangawa
225
2,955
133.5*
4.5*
3.0*
174.3*
0.61
2.60

Note 1: * indicates million yen
Note 2: (B/C)** indicates Benefit/Operating cost
Source: [14]

Thus the B/C ratios obtained for e-ambulance are similar to
those of telecare, which were operated by local governments
and received subsides for initial equipment from the central
government. As a project, they are less than 1, that is,
benefits are smaller than costs, while for local governments it
is worthy to implement since benefits to the users are larger
than costs which were borne by local governments. From the
view of local governments which implementing the project,
that is, Aki and Muroto Cities, they only bear the costs of
operating costs, since initial costs are borne by subsidies
from the central government, and they can bear only cost of
operating costs. The B/C ratio calculated in this way is 1.166
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over the both of periods indicating that for two local
governments, benefits exceed its costs. Thus from the view
of city, this project is favorable, and worthy to implement.

[5]

[6]

V.

CONCLUSIONS

In this paper, WTP in Aki and Kuroto Cities and Ino
Town is estimated by CVM and WTP obtained is 1,747 yen.
According to our rigorous analysis, we found that this value
is not different from the ex-post WTPs estimated in our
previous research. The effects of the e-ambulance in Aki and
Muroto Cities are also similar to realized ones in the other
regions. These results indicate that WTP can be an indicator
of potential effectiveness of regional health policy
implemented by local governments.
So far, we have conducted surveys of four local
governments as shown in TABLE XV. Except for Kamaishi
City, their B/C ratios are approximately 0.5, that is, benefits
cover only half of the costs. In addition, regarding the
frequency of usage of the device, Kamaishi City also has a
much higher ratio than the other local governments. This is
due to charges, not free like other region, their efforts to
promote usage such as a users’ association which organizes
events to enhance consciousness towards health, and the
participation by medical doctors in this system, which
increases the users’ reliance on the system. It is clear from
our previous studies that telecare is useful for consultation
and maintaining the good health of the elderly and patients
suffering from chronic diseases who are in stable condition,
but it is not for curing disease. It therefore has a
psychological effect such as providing a sense of relief to its
users by the knowledge of being monitored by a medical
institution 24 hours a day. This makes it difficult to estimate
its benefits in concrete terms.
On the other hand, benefits of e-ambulance are hardly
perceived by residents, except transported by ambulance. But
the residents feel wellness because of e-ambulance, since in
case of acute diseases they would be treated better than the
situation without it. These benefits are less perceived and it
is difficult to measure. CVM seems to be the only suitable
method to measure benefits.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]
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Abstract— Elderly people have an increased risk of falling and
consequently injuring themselves. The prevention of falls is one
of major important issues to keep healthy life, because a fall is a
main reason for them to hospital administration or a residential
care. Motion capture systems are a key component to prevent
falls. We comparably analyzed walking gait cycle between
normal people and stroke patients using a wearable device (WD)
to detect warning signs of falls. In this paper, we experimentally
clarify to which body part a WD is best attached and what kind
of signs are useful to prevent falls. We also develop a pair of
shoes with a WD in each heel in accordance with results of preexperiment.

sensor, and sensors for electromyography. They mentioned
that fall risk estimation is an important application of gait
analysis using wearable sensors [9]. However, they did not
describe about motion of gait for elderly people or stroke
patients.
Stacy J. Morris Bamberg et al. developed a prototype shoe
in which several kinds of wearable sensors, such as
accelerometer, gyroscope, force sensor, bidirectional bend
sensor and so on [10]. The calibrated sensor outputs were
almost same as results obtained simultaneously from a
biological motion measuring equipment. They calculated the
maximum pitch (angle between the shoe sole and floor at the
toe-off timing), minimum pitch (angle between the shoe sole
and floor at the heel-strike timing), the stride length from
output of accelerometers and gyroscopes. They also compared
the maximum pitch, minimum pitch and stride length between
the healthy gait and parkinsonian gait. There were differences
on mean value of calculated data between the healthy gait and
parkinsonian gait. However, considering standard deviation of
calculated data, such differences were small. They also did not
measure and analyze motions of gait for elderly people or
stroke patients.
Farzin Dadashi et al. measured motion of gait for many
elderly people with shoe-worn inertial sensors and provided
normative values for a clinician to measure reference gait
parameters [11]. They analyzed motion of gait and clarified
the difference in gait parameters, such as the clearance
between a shoe sole and floor, gait speed, stride length
between males and females by considering the effect of age
factors. However, their data did not show differences clearly
between the male and female, and the effect of age factor. And,
they did not investigate data for stroke patients or analyze
reasons for tripping.
Mourad Benoussaad et al. introduced a method to robustly
estimate foot clearance during walking using a single inertial
measurement unit (IMU) placed on the subject’s foot [12]. In
their paper, the foot clearance was the height of ankle from a
floor. However, the toe clearance is more critical for tripping.
And, they did not measure the toe clearance for stroke patient
or analyze reasons for tripping.
Here, we focus on extracting warning signs of tripping for
stroke patients, such as cerebrovascular patients. We got
output data of an acceleration sensor and gyroscope sensor in
the wearable device (WD), Sony SmartWatch 3, mounted on
the front part of a foot to estimate the kicking power and
change of angle between a foot and floor. We noticed that an

Keywords-falls; trip; wearable device; hemiplegia; guit; shoes.

I.

INTRODUCTION

Percentage of elderly people in the population is
increasing in the world [1]. As the number of elderly increases,
the number of functionally impaired people, such as
cerebrovascular patients who have one side paralysis, will also
increase. These people have an increased risk of falling and
consequently injuring themselves [2]. Falling down is one if
the main reasons for them to be hospitalized or placed in
residential care.
There are many researches related to a fall for elder people.
The World Health Organization Regional Office for Europe
analyzed these studies and classified fall risks amongst elderly
people by history of falls, age, gender, living alone, ethnicity,
medicines, medical conditions, impaired mobility and gait,
sedentary behavior, psychological status - fear of falling,
nutritional deficiencies, visual impairments, and foot
problems [2]. Stroke patients, such as a cerebrovascular
disease especially are at substantially high risk of falling
[3][4][5][6]. The higher frequency of falls for them due to
weak muscles, one-side paralysis, and toes pointing down. For
people with impaired mobility and gait, tripping is a major
cause of falls [7][8], so we focus on tripping in this paper.
Since weak muscles, one-side paralysis, and toes pointing
down strongly appear in the movement of leg and foot, motion
capture for them are a key component to analyze impaired
mobility and gait and useful to prevent tripping and conduct
therapy and rehabilitation of hemiplegia.
Weijun Tao et al. reviewed gait analysis technologies
based on wearable sensors that were the accelerometer,
gyroscope, electromagnetic tracking system, magnetoresistive sensors, flexible goniometer, sensing fabric, force
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angle velocity at the terminal stance and an angle at the
terminal swing show clearly differences between unimpaired
student and stroke patients. After that, we develop a pair of
shoes built a WD on.
In the next section, we consider how people trip on a flat
floor. Different features between physically unimpaired
students and stroke patients are extracted from measured data
in Section III. The best body part to which a wearable device
(WD) can be attached is described in Section IV. We
introduce a pair of shoes with a WD in each heel and example
data measured using them in Section V. Conclusions are
summarized in Section VI.
II.

-

Case 2: Kicking power of the front part of a foot is
insufficient at phases 4 and 5 to raise the heel and toe
up from the floor. In this case, a person does not swing
but shuffles. When the frictional force between a shoe
sole and the ground or floor is stronger than his/her
muscular power, he/she trips (Fig. 2(b)).
Case 3: A toe touches the floor due to it pointing down
during the swing phases (5-8), and the knee goes
further forward than the foot. When the dragging
strength is stronger than the person’s muscular power,
he/she trips (Fig. 2(c)).

-

CONSIDERATION OF TRIPPING FACTOR

When the swing foot progression is unexpectedly
obstructed, a trip occurs that leads to a forward rotation of the
body and eventually might cause a fall.
Mourad Benoussaad et al. measured the minimum toe
clearance (MinTC) to avoid tripping. MinTC is a critical value
to clear obstacles on the ground or floor. However, elderly
people, especially those who have had strokes, sometimes trip
on flat ground or floors, not obstacles. In this section, we
consider reasons a person trips on flat ground or floors. We
divide the normal walking gait cycle into eight phases the
same as Weijun Tao et al. as shown in Fig. 1 [9]: (1) initial
contact (heel-strike timing), (2) loading response, (3) midstance, (4) terminal stance (toe-off timing), (5) pre-swing, (6)
initial swing, (7) mid-swing, and (8) terminal swing.

Figure 2. Cases of tripping

The above problems suggest that the kicking power at
phases 4 and 5 and the angle between the foot and a floor are
critical parameters.
III.

EXTRACTION OF WARNING SIGNS FOR TRIPPING

In this section, we experimentally investigate whether the
kicking power at phases 4 and 5, and the angle between the
foot and lower limb are critical parameters.
A. Experimental method
Since kicking power must be expressed as the angle
velocity or the acceleration for the foot, we mounted a WD
which had an accelerometer and gyroscope on the foot. In this
experiment, we used Sony SmartWatch 3 as a WD which is
mounted on the front part of a foot with Velcro tape as shown
in Fig. 3. This mounting position was same as one in Farzin
Dadashi’s experiment [11]. The sampling rate was 40 msec.
We measure angle velocity for up and down directions of
the front part of the foot (X axis of a 3D gyroscope). We also
adopted a three-point moving average of the angle velocity to
calculate the angle, because output values extremely change
up and down. Therefore, the angle for X axis Anglexn at time
tn is calculated as follows.
(1)

Figure 1. Normal walking gait cycle (See a right foot)

Most stroke patients have weak muscles and are hard to
raise their toe. Therefore, they are at risk of three types of trips.
- Case 1: A toe touches the floor first instead of a heel
at phase 1. Since phases 2-5 are skipped, the toe is
dragged along the floor. When the dragging strength
is stronger than the person’s muscular power, he/she
trips (Fig. 2(a)).
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Gxn is the value of angle velocity for X axis at time tn. We
also recorded video and measured locations of a patient’s
knee, ankle and foot by using Microsoft-KINECT to monitor
their motions (Fig. 4). The UNIX time is introduced to
synchronously measure data with a WD and MS-KINECT.
Before measuring, we investigated the measuring
accuracy of Sony SmartWatch 3 using a slant rule as shown
in Fig. 5. We measured data five times. Calculated angles vs.
angles given by the slant rule are listed in Table I. These data
showed calculated angles were so accurate. We noticed drift
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errors of a gyroscope that increase the value by 0.2 rad. /sec.
during a WD sets on a flat floor. However, each measurement
lasted less than 20 sec. Therefore, we think the effect of the
drift error is negligible.
Participants were five physically unimpaired students and
five stroke patients. Every stroke patients in this experiment
had one-side paralysis, and trained periodically at a
rehabilitation facility. Some of them used a wheel chair and
could not walk by himself before training. They walked along
a straight line to MS-KINECT. A WD was attached on the
front part of foot on the paralysis side. We measured data for
each stroke patient two times.

(a) WD: Sony SmartWatch 3
(b) WD mounted on foot
Figure 3. Measuring device and WD mounting method

(a) MS-KINECT set up in (b) WD mounted on stroke patient
rehabilitation facility
Figure 4. Measurement environment in rehabilitation facility

B. Measured data and consideration
Fig. 6 and 7 show examples of change of angle velocity,
angle, and acceleration for a physically unimpaired student
and a stroke patient. Data for two steps are plotted.
Each flat period (roughly the center period) in these
figures is when the entire shoe sole touched the floor; this
period corresponds to phases 2 (loading response) and 3
(mid-stance). The reason that the value during this period is
not zero is that the WD measures the angle between the front
part of the foot and the floor, which depends on the person
and shoe. Therefore, we reset this angle for the gait
monitoring shoes described in Sections IV and V when the
entire shoe sole touched the floor. This processing enables the
WD to measure the angle between the back of the foot and
the floor. This value does not depend on person or shoe.
The maximum angle velocity at timing A means the
kicking power from phase 4 (terminal stance) to 5 (preswing), and the minimum angle at timing B means the angle
to the floor at phase 8 (terminal swing). This processing
removes the drift error of the gyroscope.
Lower angle velocity at A in Fig. 6 is about 420 deg./sec.
On the other hand, higher angle velocity at A in Fig. 7 is about
250 deg./sec. Thus, a physically unimpaired student and a
stroke patient obviously differ in terms of gait. The stroke
patient clearly has weaker kicking power at phase 4 (terminal
stance) than the physically unimpaired student.
Higher angle at B in Fig. 6 is about -18 degree. On the
other hand, lower angle at B in Fig. 7 is about -8 degree. Thus,
a physically unimpaired student and a stroke patient
obviously differ in terms of the angle to a floor at phase 8
(terminal swing). This shows that it is difficult for a stroke
patient to raise his or her toe at the terminal swing phase.

Figure 5. Slant rule
TABLE I. ACCURACY OF CALCULATED ANGLES

Given angle
(degree)
+50
+40
+30
+20
+10
0
-10
-20
-30
-40
-50

Calculated angle
(degree)
+49.00
+39.17
+28.92
+19.58
+9.21
0.21
-9.72
-19.47
-30.70
-40.57
-50.54
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(degree)
0.45
0.74
0.51
0.63
0.58
0.15
0.58
0.34
0.56
0.41
0.53
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Figure 6. Changes of angle velocity, angle, and acceleration for physically
unimpaired student
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TABLE IV. ESTIMATED CADENCE

Participant
Student
Stroke patient
IV.

Figure 7. Changes of angle velocity, angle, and acceleration for stroke
patient

The other hand, the acceleration basically change
corresponding to the angle velocity and angle. However, they
have much noise, and their amplitudes are not stable.
Tables II and III list the averages and standard deviations
(SDs) of measured data for angle velocity at timing A and
angle at timing B. The angle velocity at timing A is clearly
different between unimpaired students and stroke patients.
There is a big difference between them in the angle at timing
B, however this value would be sometimes overlapped each
other.
We also measure the cadence for a gait using the WD and
MS-KINECT. In this paper, we define the cadence as the
number of steps per minute. We estimated the cadence
derived from an average of 10 intervals between one timing
A and the next A, which are peak angle velocities of a step,
when a WD is used. Estimated cadence is listed in Table IV.
A physically unimpaired student and stroke patient do not
obviously differ in terms of cadence.
As the result of this experiment, we decided to adopt the
change of angle velocity and angle between a foot and floor
to detect warning signs of falls.

Average (steps/m)
46.4
49.0

SD (steps/m)
5.0
6.2

SUITABLE WD ATTACHING POSITION

A WD has to be attached somewhere on a body during
walking to detect signs of tripping to prevent a fall. A WD
was attached to the front part of the foot in Section III.
However, it is difficult for a WD to firmly be set at this place
for a long time because it is easily detached. Therefore, we
studied which position is the best to detect the change of
angle velocity for a foot and angle between a foot and floor.
We attached WDs to a heel and a lower limb as shown in Fig.
8.
For this test, we used STEVAL-WESU1 by STMicroelectronics (See Fig. 9) as a WD instead of Sony SmartWatch
3. This wearable unit includes four sensors:
3D-accelerometer,
3D-gyroscope,
3D-magnetometer,
MEMS pressure.
This device is 37 x 40 x 8 mm and weighs 9.6 g.
We inserted STEVAL-WESU1 into the heel of a shoe as
shown in Fig. 8 (a) (details in Section V). Angle velocity and
acceleration data of STEVAL-WESU1 are sent to and
processed by an Android smartphone. The sampling rate was
40 ms. We adopt a three-point moving average to remove
noise.
We requested three unimpaired students to walk with
their normal gait. Since their data change was basically the
same, graphs of one participant are shown in Fig. 10 and 11.
Both plotted lines in Fig. 10 are similar in shape to those in
Fig. 6. Timing A and B correspond to timing A and B in Fig.
6. Timing B in Fig. 10, which is the angle at the terminal
swing, is shown more clearly than that in Fig. 6. On the other
hand, timing C in Fig. 11 shows the kicking power from
phase 4 (terminal stance) to 5 (pre-swing) is the same as
timing A in Fig. 6 and 10. However, the angle at timing D in
Figure 11 is between not the foot and floor but a single limb
and the vertical line to the floor. The plotted angle in Fig. 11
clearly shows a change of angle for the single limb.
As the result of this experiment, we decided that the heel
was the best position to place a WD.

TABLE II. ANGLE VELOCITY AT THE TERMINAL STANCE

Participant
Student
Stroke patient

Average (deg./s)
509.36
342.06

SD (deg./s)
18.91
86.52

Table III. Angle at the terminal swing

Participant
Student
Stroke patient

Average (deg.)
-17.76
-7.45
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(a) Heel

(b) Single limb

Figure 8. WD attaching position
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turned. When these graphs were measured, a participant
played a stroke patient who had a one-side paralysis for the
right side of the body. Therefore, most strength of angle
velocity at A for right foot were smaller than that for left foot.
And, most amplitude of angle at B for right foot were smaller
than that for left foot.

Figure 9. STEVAL-WESU1 by STMicroelectronics

Figure 10. Angle velocity and angle data at heel in normal walk
Figure 12. Gait monitoring application for Android

Figure 11. Angle velocity and angle data at single limb in normal walk

V.

We experimentally monitored walking for two
participants. They were unimpaired people. They walked and
played the three types of trips in Fig. 2. Example measured
data are shown in Fig. 13. Therefore, curves of angles in these
graphs have different discontinuity to those in other graphs at
the sole of a shoe touching a floor.
In (1); toe touching the floor first instead of a heel, and
(2); shuffling, shapes of angle velocity resemble that of the
normal walk shown in Fig. 10. However, maximum values of
angle velocity and minimum angle in a cycle in Fig. 13 (1)
and (2) are much smaller than those in Fig. 10. Their absolute
minimum values are also much smaller than those in Fig. 10.
This feature must show that when muscle strength is weaker,
more trips occur.

GAIT MONITORING SHOES

As described in Section IV, we determined the heel of a
shoe is the best place to measure angle velocity of the foot
and angle between the back part of a foot and the floor. We
inserted a WD (STEVAL-WESU1 by STMicroelectronics)
into soles of both shoes. And, we also developed a gait
monitoring application for Android smartphone which
measures and stores the angle velocity and angle as shown in
Fig. 12. The upper part shows ID of WD for the right and left
shoe, and the lower part shows angle velocities at A in each
step for right foot, angle at B in each step for right foot, angle
velocities at A in each step for left foot, and angle at B in each
step for left foot. In this application, direction of angle is
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(1)

Toe on floor at the initial contact
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them. We plan to develop a warning system using the
proposed shoes for fall prevention. More data of above
critical parameters for stroke patients in daily life including
tripping conditions will be measured to develop such system.
REFERENCES
[1]

[2]

(2)

Shuffle instead of swing
[3]
[4]

[5]

[6]

[7]
(3)

Toe collision with floor at the initial swing

Figure 13. Example measured data for tripping with gait monitoring shoes
[8]

In (3), a toe dragging the floor due to it pointing down
at the initial swing, the swing did not start smoothly. The red
circle in Fig. 13 (3) shows this situation clearly. In the case
of a normal walk, angle velocity rapidly decrease from the
pre-swing to the initial swing. However, in (3), the angle
velocity limply decrease on the way.
VI.

CONCLUSION

We comparably analyzed walking gait cycle between
normal people and stroke patients using a wearable device
(WD) to detect warning signs of falls. The results of
experiments for physically unimpaired students and stroke
patients show that the angle velocity at the terminal stance
phase and the angle between the back of foot and a floor at
the terminal swing are critical parameters. We determined a
shoe heel to be the best place to place a WD, inserted WDs
into heels of a pair of shoes, and showed data measured using

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

[9]
[10]

[11]

[12]

[13]

World Population Ageing: 1950-2050, Population Division,
Department of Economic and Social Affairs, United Nations,
http://www.un.org/esa/population/publications/worldageing19502050
/ [retrieved: Fe, 2017].
World Health Organization Regional Office for Europe, “What are the
main risk factors for falls amongst older people and what are the most
effective interventions to prevent these falls?,”
http://www.euro.who.int/en/data-and-evidence/evidence-informedpolicy-making/publications/pre2009/what-are-the-main-risk-factorsfor-falls-amongst-older-people-and-what-are-the-most-effectiveinterventions-to-prevent-these-falls [retrieved: February, 2017]
F. A. Batchelor, S. M. Mackintosh, C. M. Said, and K. D. Hill, "Falls
after stroke," Int J Stroke, Vol. 7, pp. 482-90, 2012.
G. S. Verheyden, V. Weerdesteyn, R. M. Pickering, D. Kunkel, S.
Lennon, A. C. Geurts, and A. Ashburn, "Interventions for preventing
falls in people after stroke," Cochrane Database Syst Rev. (5),
CD008728, 2013.
J. A. Tutuarima, J. H. P. van der Meulen, R. J. de Haan, A. van Straten,
and M. Limburg, "Risk Factors for Falls of Hospitalized Stroke
Patients," Stroke, Vol. 28, pp. 297-301, 1997.
R. Teasell, M. McRae, N. Foley, and A. Bhardwaj, "The Incidence and
Consequences of Falls in Stroke Patients During Inpatient
Rehabilitation: Factors Associated With High Risk," Arch Phys Med
Rehabil Vol. 83, 2002.
R. K. Begg, O. Tirosh, C. M. Said, W. A. Sparrow, N. Steinberg, P.
Levinger, and M. P. Galea, "Gait training with real-time augmented
toe-ground clearance information decreases tripping risk in older adults
and a person with chronic stroke." Frontiers in Human Neuroscience,
Vol. 8, Article 243, 2014.
A. J. Blake, K. Morgan, M. J. Bendall, H. Dallosso, S. B. Ebrahim, T.
H. Arie, P. H. Fentem, and E. J. Bassey, "Falls by elderly people at
home: prevalence and associated factors," Age Ageing; Vol. 17, pp.
365-72, 1988.
W. Tao, T. Liu, R. Zheng, and H. Feng, "Gait Analysis Using Wearable
Sensors," Sensors, 12(2), 2012, pp. 2255-2283.
Stacy J. Morris Bamberg, Ari Y. Benbasat, Donna Moxley
Scarborough, David E. Krebs, and Joseph A. Paradiso, "Gait Analysis
Using a Shoe-Integrated Wireless Sensor System," IEEE Transaction
on Information technology in Biomedice, Vol. 12, No. 4, 2008.
F. Dadashi, B. Mariani, S. Rochat, C. J. Büla, B. Santos-Eggimann, and
K. Aminian, "Gait and Foot Clearance Parameters Obtained Using
Shoe-Worn Inertial Sensors in a Large-Population Sample of Older
Adults," Sensors 2014, Vol. 14, pp. 443-457, 2014.
Mourad Benoussaad, Benoît Sijobert, Katja Mombaur, and Christine
Azevedo Coste, "Robust Foot Clearance Estimation Based on the
Integration of Foot-Mounted IMU Acceleration Data," Sensors 2016,
2016.
William P. Berg, Helaine M. Alessio, Eugenia M. Mills, and Chen
Tong, "Circumstances and consequences of falls in independent
community-dwelling older adults", Age Ageing, Vol. 26, pp. 261–268,
1997.

61

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

Mood Detection and Memory Performance
Evaluation with Body Sensors
Jonathan Bohbot

Zeljko Zilic

Department of Electrical and
Computer Engineering
McGill University
Montreal, Quebec, Canada
jonathan.bohbot@mail.mcgill.ca

Department of Electrical and
Computer Engineering
McGill University
Montreal, Quebec, Canada
zeljko.zilic@mcgill.ca

Abstract—This paper provides the design of a system employing an Android application connected to body sensors, which
is capable of assessing the mood and memory performance of
humans. The mood detection is based on the heart rate, its
variability, as well as on the captured brain waves. The memory
performance is evaluated based on specific brain waves observed
as well. Experiments were conducted to assess the main features
of the system. The mood experiment has been successful at
raising the mood levels of the majority of participants when
being shown stimuli composed of images and sounds. Negative
or neutral mood levels could be explained by participants having
other thoughts or emotions during the experiment, and by the
attenuation and dampening of the body sensors’ signals. The
ability of participants to reach a particular mood (relaxed,
engaged, and sad) more quickly in response to a conducive
stimulus is related to a person’s physical characteristics; for
example, younger participants reach a particular mood more
quickly than older participants. The memory experiment has
been successful at raising the memory levels of the majority of
participants when being asked to perform a modified Sternberg
memory task. Results show a positive memory activity for
the majority of participants, even in the presence of signal
attenuation in the body sensors.

in the steering wheel and door handles to pick up electric
signals from the skin. A camera mounted on the windshield
could analyze facial expressions. When the driver is stressed,
the car’s sensors could soften the light and music, or broaden
the headlight beams to compensate for the loss of vision [1].

Keywords-Mood Detection; Body Sensors; Heart Rate Variability; Android Application; Brain Waves.

A. Application Features

I. I NTRODUCTION
Mood detectors can identify trends pointing to a person’s
mood. They can be found in modern computers, laptops,
smartphones, tablets, sensors such as skin sensors, electroencephalography sensors, and voice recognition sensors.
Thanks to existing technology, they can be carried everywhere and accessed anytime. Furthermore, these devices
feature lower costs, high speed, low power consumption, and
many other benefits for the subject, clinician or researcher.
Mood detectors can be integrated in our daily lives, such
as when driving a car. The driver might feel stressed and
tired when driving long distances. A car with sensors can
understand the driver’s emotion and feelings and prevent an
accident, which could save many lives. Sensors could nest
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The importance of mood detection has been increasingly
recognized because it could prevent mood disorders from
affecting us and harming us in our daily lives. Mood disorders
include depression and bipolar disorders. Anyone can be
affected from mood disorders: children, teenagers, adults,
and the elderly. Stressful events in our lives can result in
transitory depression, or any of several mood disorders.
Symptoms include being sad, anxious, hopeless, helpless, and
having low self-esteem. These symptoms can be overcome
with the knowledge of one’s current mood by using the
above-mentioned devices and taking the right actions, such
as a psychiatric consultation and/or the commencement of
medication.

Mood detection is a growing and rapidly developing field.
Many existing devices can approximate one’s current mood.
Devices such as wrist sensors can provide information on
stress levels when worn. They can communicate this information via the internet. For example, a sensor worn on a
child’s wrist might detect that the child is stressed. The stress
signal is communicated via the internet and the parent can
see on his/her smartphone that the child is stressed, thereby
enabling the parent to take action to reduce that stress level
[2].
In recent years, many applications for smartphones and
tablets capable of telling a person’s mood have been released.
Samsung has developed a smartphone that can tell one’s
mood based on how the phone is used. For example, it
monitors the speed at which the user is typing some text,
and how much the device shakes [3]. The ”mood detection
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and memory evaluation” Android application combines many
of the features from the applications mentioned below:
• The system requires Bluetooth Low Energy in order to
work.
• Mood is measured using brain and heart sensors, so it is
very accurate.
• Mood data and user data is sent to the Web on a Dropbox
Web Server, which is safe and secure.
• Mood data can be compared between users.
• Mood data for each user can be graphed, so it is easy for
the user to compare his/her mood on a daily basis.
The paper is organized as follows: section 2 briefly discusses the system’s features such as mood and memory
performance algorithms and the valence/arousal model. Section 3 discusses the experimental work. Finally, Section 4
concludes on the paper work and speculates on the future of
this growing field.
II. BACKGROUND
This section discusses essential background information of
the work. Please note that this application is not standalone
code, but is connected to body sensors communicating with
it via Bluetooth Low Energy.
A. Mood and Memory Performance Algorithms
This section discusses the procedure for measuring different
emotions and memory performance in real time through
the use of mood and memory performance algorithms. This
section also shows a pseudocode implementation of the mood
and memory performance algorithms.
The recognition of different emotions and memory performance is achieved as follows:
• First, we record the resting heart rate of the participants.
Any significant rise in this heart rate (when the participant
is seated and relaxed) is explained by strong emotions, such
as excitement, happiness, anger, and arousal [4].
• Second, we record the heart rate variability of the participant. We calculate it by using the formulas described in the
next subsections. The heart rate variability is a useful feature
in mood classification, since a bigger heart rate variability is
an indicator of good health and a lower heart rate variability
is an indicator of bad health, stress, and heart diseases.
• Third, we process the EEG data of the brain using the
procedures described in the next subsection. The processed
data consists of the EEG average band powers (alpha, beta,
gamma, and theta). Using relations and formulas discussed
in the next subsections, we obtain the arousal and valence
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information and we use this information along with the 2D
valence/arousal model to recognize different emotions in realtime. Furthermore, memory performance evaluation follows
almost the same procedure except that we look at the band
powers, especially the alpha band power to evaluate retention
in a short-term memory task.
1) Android Pseudocode Implementation
The pseudocode implementation of the relaxation mood
(how to find the relaxation level of an individual given
some parameters such as heart rate) is shown as all other
mood and memory performance algorithms follow a similar
implementation.
Referring to Algorithm 1, RelaxHR% measures how relaxed a person is from heart rate. A value close to 0%
indicates that a person is not relaxed, and a value close to
100% indicates that a person is very relaxed. RelaxSDNN%
measures how relaxed a person is from heart rate variability
(ageSDNN is the ideal SDNN a person should have given
his/her age). RelaxEEG% measures how relaxed a person
is from EEG. Together, these values are used to find the
relaxation level.
B. Data Processing
The procedure for data processing to obtain mood and
memory performance levels works as follows: first, the DC
offset and slow drift of the raw signal is removed. The
best way to do this is with a high-pass filter with a cutoff frequency greater than 0.16Hz. The data segment is then
multiplied by a tapered window function which smoothly
forces the two ends of the data segment to match exactly. Step
changes and start-finish differences will put fake responses
into Fast Fourier Transform (FFT) data since the algorithms
assume an infinitely repeating copy of the segment of data.
The FFT algorithm is then executed. The FFT algorithm
returns a complex set of values at each frequency increment.
The magnitude of these complex numbers is squared by
multiplying each complex number by its complex conjugate.
Power is proportional to the square of the magnitude, so now
we have the power per frequency interval. The powers are
added up for each element of the frequency range of interest,
so now we have the average EEG band powers.
C. Resting Heart Rate
The resting heart rate is the heart pumping the lowest amount
of blood. If a person is sitting or lying, and is calm, relaxed
and in good health, his/her resting heart rate should range
between 60 and 100 beats per minute. A heart rate lower
than 60 could be explained by a medical condition, taking
drugs such as beta blockers, or being physically active and
very athletic. Active people often have lower resting heart
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Algorithm 1 Relaxation Mood Algorithm
Input: heart rate, heart rate variability (SDNN), valence, and
arousal.
Output: relaxation level
if (HR/HRrest*100)<100 then
RelaxHR% = 100
else
if ((1-((HR / HRrest)-1))<0.0) then
RelaxHR% = 0
else
RelaxHR% = ((1 - ((HR / HRRest) - 1)) * 100)
end if
end if
if (age>=0&&age<=49) then
ageSDNN = 50
else
ageSDNN = 40
end if
if (SDNN/ageSDNN*100)>100 then
RelaxSDNN% = 100
else
RelaxSDNN% = ((SDNN/ageSDNN)*100)
end if
if (valence>0) then
if (arousal>0.4&& arousal<=1) then
RelaxEEG% = 100
else if (arousal>1) then
if ((1-(arousal-1))<0) then
RelaxEEG% = 0
else
RelaxEEG% = ((1 - (arousal - 1)) * 100)
end if
else
RelaxEEG% = (arousal/0.4)*100
end if
else
RelaxEEG% = 0
end if
RL = RelaxHR%/4 + RelaxSDNN%/4 + RelaxEEG%/2
return RL
rates because their heart muscle is in better condition and
does not need to work as hard to maintain a steady beat [5].

Time domain measures are the simplest to calculate and
include the mean normal-to-normal (NN) intervals during
the entire recording and statistical measures of the variance
between NN intervals. The most important time domain
measures are the SDNN (HRV), and the RMS-SD.
• The SDNN is the standard deviation of the NN intervals,
which is the square root of their variance. A variance is
mathematically equivalent to the total power of spectral
analysis, so it reflects all cyclic components of the variability
in recorded series of NN intervals. It is inappropriate to
compare SDNN values derived from the NN recordings of
different lengths. A recording can last a short period of time,
such as five minutes, or it can last a full 24-hour day. SDNN
is measured in milliseconds [6].
• The RMS-SD is the square root of the mean squared
differences of successive NN intervals. This measure estimates high-frequency variations in heart rate in short-term
NN recordings that reflect an estimate of parasympathetic
regulation of the heart. RMS-SD is measured in milliseconds
[6].
Formulas to calculate these time domain measures are
given:
Let N be the total number of heart beats. Let MRR be the
mean of RR (or NN) intervals. It is calculated as follows:
M RR = I¯ =

Heart rate variability (HRV) is the degree of fluctuation in the
length of intervals between heart beats. A bigger regularity
of heart beats lowers HRV and vice versa. Regularity of heart
beats is derived from a quantity of numbers equal to the time
elapsed between successive heart beats. These are named R-R
intervals and are measured in milliseconds (ms) [6].
HRV can be assessed in two ways: as Time Domain
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N
1 X
I(n)
N − 1 n=2

(1)

In this formula, I(n) is the value in milliseconds of the nth
NN interval. The SDNN can be expressed as:
v
u
u
SDN N = t

N
1 X
¯2
[I(n) − I]
N − 1 n=2

(2)

Finally, the RMS-SD can be expressed as:
v
u
u
RM SSD = t

D. Heart Rate Variability
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Analysis, or in the frequency domain, as Power Spectral
Density Analysis. We will concentrate on Time Domain
Analysis because it is more simple and straightforward.

N
1 X
[I(n) − I(n − 1)]2
N − 2 n=3

(3)

E. Valence/Arousal Model
The 2D Valence/Arousal model is used to characterize emotions such as: happy, sad, relaxed, and angry. Emotions are
characterized based on their valence and arousal values. For
example, happiness is characterized by a positive valence and
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high arousal, anger is characterized by negative valence and
high arousal, relaxation is characterized by positive valence
and low arousal, and sadness is characterized by negative
valence and low arousal [7].
High arousal (excitation) is characterized by a high alpha
power and a low beta power (a high alpha activity and a
low beta activity). The ratio of the beta to the alpha power
characterizes the arousal level of a person (Arousal =
beta/alpha). The arousal level of a person is measured using
the frontal electrodes of the Emotiv Insight brain sensor. This
relationship holds because beta brainwaves are associated
with an alert or excited state, while alpha brain waves are
associated with a relaxed state [7].
To determine the valence level, we compare the activation
levels of the two cortical hemispheres. Left frontal inactivation is an indicator of a withdrawal response, which is often
linked to a negative emotion. On the other hand, right frontal
inactivation may be associated with an approach response, or
positive emotion [7].
High alpha activity is an indication of low brain activity,
and vice versa. Thus, an increase in alpha activity together
with a decrease in beta activity may be associated with
cortical inactivation. The frontal electrodes of the Emotiv
Insight brain sensor, AF3 and AF4, are the most used
positions for looking at this activity, as the frontal lobe plays
a crucial role in emotion regulation and conscious experience.
We estimate the valence value in a person by computing
and comparing the alpha power α and beta power β in
channels AF3 and AF4, like so:

valence =

αAF 3
αAF 4
−
βAF 4
βAF 3

(4)

III. E XPERIMENTAL S TUDY
The experiment is performed to assess how effective is the
system at finding the mood and memory performance levels
of each participant. It presents part of the results obtained
from performing the experiment and a discussion based on
these results.
A. The System
The system is composed of the following components:
• External sensors, such as the Texas Instrument Sensor
Tag, the Polar H7 heart rate sensor, and the Emotiv Insight
brain sensor.
• The Cloud, where the Dropbox Core Api is used to store
the users’ data and access it anytime needed.
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B. Subjects
Sixteen subjects (ages 22-80, 12 males and 4 females)
performed the experiment, which consisted in evaluating their
mood and memory performance levels while their heart and
brain data was recorded. Informed consent was obtained from
each subject prior to the study. Ethical approval was obtained
from the Research Ethics Board Office of McGill University.
The reference number is: 306-0116.
C. Stimulus
Both pictures and music were used to be the stimulus to elicit
emotion. To represent good moods such as relaxation, happiness, engagement and arousal, pictures displaying beautiful
nature scenery, people jumping out of joy, beautiful birds,
plants, and animals, were selected. To represent bad moods
such as sadness, anger, and stress, pictures displaying angry
and wild animals, people crying, and children all alone sleeping in the streets, were selected. Three to four music pieces
were chosen to represent each mood. Each lasted 30 seconds.
For example, annoying alarm clock sounds were chosen to
represent stress, bomb siren sounds were selected to represent
anger, ”Don’t Worry be Happy” by Bobby McFerrin was
selected to represent relaxation, ”Chariots of Fire” theme
song was selected to represent arousal, the theme song from
the movie ”Pirates of the Caribbean” was chosen to represent
engagement, ”Happy” by Pharrell Williams was selected to
represent happiness, and ”Very Sad Violin” classical music
was chosen to represent sadness.
This procedure achieved stimulation by increasing and
decreasing the neural activity of the brain. The cerebral
cortex became synchronized at any given moment. The limbic
system’s cingulate gyrus, which connected actions with emotional responses, became synchronized. This synchronization
happened mostly in brain parts responsible of processing
sights, sounds, and emotions.
D. Testing Procedure
The experiment took a total time of 45 minutes. Data
was recorded using a tablet (Samsung Galaxy Tab 4). The
participant was instructed to sit and not to move his/her head
for the entire duration of the experiment. The Polar H7 heart
rate sensor was placed on the participant’s bare chest and the
Emotiv Insight brain sensor was placed on the participant’s
head. The data was stored on a Dropbox account. For added
security, the data in the Dropbox account was encrypted using
Boxcryptor. Boxcryptor features a fast and easy Dropbox
encryption, a state-of-the art AES-256 encryption standard,
and top security for all private and business needs. The
application was launched and the participant was prompted
to create an account. Creating an account requires him/her
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to enter a username, a password, his/her height, his/her
weight, and his/her sex. The participant was prompted to
take a picture of himself/herself. The air temperature, the
air humidity, and the air pressure were recorded using the
Texas Instrument Bluetooth Low Energy Sensor Tag. The
participant was asked if he/she was relaxed or not and if
not, he/she was given a short period of time (2 minutes) to
relax. When relaxed, the participant’s resting heart rate was
recorded. Then, for each stimulus composed of pictures and
sounds (each representing a particular mood such as relaxed,
engaged, stressed, happy, angry, aroused, and sad) which was
displayed on a laptop screen, the data was recorded on a
tablet before evoking the stimulus, the stimulus was evoked,
and the data was recorded on a tablet after evoking the
stimulus. At the end of each stimulus, there was a relaxation
period of 1 minute. The first part of the experiment took 35
minutes. In the second part of the experiment, the subject was
first given a 1-minute resting period. The memory test was
given immediately afterward, and the test subject’s memory
performance level was recorded. For the memory test, the
participant was shown three sets of 4-6 letters displayed
on a laptop screen. After being shown each set of letters,
the participant was given a brief moment (2-5 seconds) to
memorize the set of letters. The participant was then shown
a letter which may or may not be part of the set of letters
previously shown to him/her. The participant was asked to
state whether or not this letter belongs to the set of letters.
There were three sets of letters and three probes in the
memory experiment. EEG data was recorded twice per set
of letters: before showing the set of letters to the participant
and just after showing the set of letters to the participant
while he/she was busy memorizing them. The second part of
the experiment took 10 minutes.

participant is feeling very strongly in that particular mood. A
memory performance level close to 100% may be associated
with strong memory activity, whereas a very low memory
performance level, approaching 0%, may be associated with
no memory activity.

Fig. 1. Relaxation Level before and after Evoking Stimuli for each
Participant

E. Results
Results were gathered from the participants’ brain and
heart data under the following environmental conditions:
the temperature ranged from 60.28 deg/F to 67.57 deg/F,
the humidity ranged from 32.25 %rH to 48.18 %rH, and
the pressure ranged from 999.70 nPA to 1032.32 nPA. All
participants confirmed that they were relaxed at the beginning
of the experiment. All participants remained seated and did
not move their heads for the entire duration of the experiment.
Results for this paper contain relaxation data graphs such as
the relaxation level recorded before evoking the stimulus and
the relaxation level recorded after evoking the stimulus for
each participant, the age, height (in meters), and weight (in
kilograms) of each participant versus the difference in the
relaxation level recorded after evoking the stimulus and the
relaxation level recorded before evoking the stimulus. Mood
and memory performance levels are in percent. A mood level
of 0% suggests that the participant is not feeling at all in that
particular mood, and a mood level of 100% suggests that the
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Fig. 2. Relaxation Level (after Evoking Stimuli - before Evoking Stimuli)
for each Participant versus their Age

Fig. 3. Relaxation Level (after Evoking Stimuli - before Evoking Stimuli)
for Each Participant versus their Height
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Fig. 4. Relaxation Level (after Evoking Stimuli - before Evoking Stimuli)
for each Participant versus their Weight

Fig. 5. Height of Participants versus their Age

F. Discussion
The experiment has been successful at raising the relaxation
levels of the majority of participants. Referring to Figure
1, about 56% of all participants had a higher relaxation
level after the stimulus as compared to before the stimulus. The 44% remaining participants were found to have
varying reactions when exposed to such stimulus: some of
the 44% may have had other thoughts or emotions during
the experiment, and may have been preoccupied with other
matters, thereby negating any effect of the relaxation stimulus
on them. Another problem potentially accounting for the
variation in results is the fact that the brain sensor’s EEG
data had to travel from the brain cortex to the electrodes
of the brain sensor. During its travel, the signal may have
been attenuated or dampened as a result of traveling through
many brain regions. Thus, the quality of the signal using
this method is not optimal, and results in a lower-quality
EEG signal. Figure 2 showing the change in relaxation level
(the relaxation level after the stimulus minus the relaxation
level before the stimulus) was plotted against the age of all
participants. The graph reveals that almost all participants had
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positive or neutral changes in relaxation levels and that most
participants with the greatest positive changes in relaxation
levels (higher than 40%) are the younger participants, those
aged 22 to 30. The older population, those aged 40 to 80,
had the most participants with negative changes in relaxation
levels (3 participants aged 50-80 versus 1 participant aged
26). The results reveal that the ability of the participants
to relax quickly in response to a conducive stimulus is
greater for younger individuals than for older ones. The
change in relaxation level was plotted against the height
of all participants (Figure 3). The results reveal that the
tallest individuals (heights ranging from 175 to 185 cm) had
the majority of values corresponding to the highest changes
(higher than 40%) in relaxation levels (5 individuals with
heights ranging from 175 to 185 cm versus 1 individual
with a height of 165 cm). The participants with all values
corresponding to negative changes in relaxation levels are
the shortest individuals (4 individuals with heights ranging
from 165 to 175 cm). The results mean that taller participants
are better able to relax quickly than shorter participants.
The graph (Figure 4) showing the change in relaxation level
against the weight of participants reveals that the majority
of individuals with the greatest changes in relaxation levels
are those with weights ranging from 60-90 kg. The graph
also shows that the individuals from the same weight range
have all values associated with negative changes in relaxation
levels. Therefore, the results stating that participants with a
weight range of 60-90 kg are better able to relax quickly
than the other participants are inconclusive. According to the
last graph (Figure 5), the majority of tall participants (those
with height ranging from 175 to 185 cm) are 20 to 30 years
old (7 participants with heights ranging from 175 to 185 cm
versus 2 participants with the same height range who are
50 to 70 years old). The results mean that in general taller
and younger participants are better able to relax quickly than
shorter and older participants.
The first, second, and third trial memory performance
levels before and after memorizing the set of letters for each
participant show that the experiment has been successful at
raising the memory performance levels of the participants.
Almost all participants had higher memory performance
levels after memorizing the set of letters as compared to
before memorizing the set of letters which is associated
with positive memory activity. The success rates of all trials
are 81%. The 19% remaining participants for each trial had
memory performance levels lower or equal after memorizing
the set of letters as compared to before memorizing the set of
letters. An explanation of the variation in results is the fact
that the brain sensor’s EEG data had to travel from the brain
cortex to the electrodes of the brain sensor. During its travel,
the signal may have been attenuated or dampened as a result
of traveling through many brain regions before reaching the
brain sensor’s electrodes. It is very likely that the more head
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hair a participant had, the more attenuated or dampened the
signal was when reaching the electrodes of the brain sensor.
IV. C ONCLUSION AND F UTURE W ORK
This paper has presented a system capable of detecting the
mood and memory performance of humans. A discussion
of the mood and memory performance algorithms, data
processing, resting heart rate, heart rate variability, and the
valence/arousal model, was given in Section 2. Section 3
described the testing procedure and a discussion on only part
of the results of the experiment was formed in order to respect
the paper’s length.
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Data for Daily Mood Assessment.” New Approach for Sampling
Mobile Phone Accelerometer Sensor Data for Daily Mood Assessment.
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This application can be a first step in mental health
evaluation, and, as we know, it is up to the patient to take
the right decisions so that meaningful changes in health and
lifestyle can be made.
To increase the accuracy of mood and memory detection
in the future, we could use more external sensors such as
skin sensors and infrared sensors (infrared camera to measure
body temperature), all of which are connected via Bluetooth
Low Energy or another protocol to a smartphone, tablet,
or other electronic device. Although mood and memory
evaluation from heart and brain sensors is accurate, it does
not provide enough information on all body activity such
as skin (perspiration), arms and legs (motion), and back
(posture). The algorithms on mood and memory detection
could be more refined and accurate and, when combined with
the multiple external sensors, could be used to detect a bigger
range of emotions. To evaluate memory, we could use more
sophisticated devices such as fMRI (Functional Magnetic
Resonance Imaging) and MEG (Magnetoencephalography)
to get a better view of brain activity. In order to acquire such
devices, experience and funding would be required.
Mood and memory evaluation devices have become very
popular with the expansion and improvement of technology.
The field of mood detection and memory evaluation can
be expected to grow and evolve thanks to researchers and
developers who seek to improve quality of life by introducing
new devices and systems that help raise awareness of individuals’ health and well-being. We hope that our contribution
can make difference in many fields of study, especially in
computer engineering, biomedicine, mental health and other
medical specialties.
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Abstract— Capturing the benefits generated from investments
in digital health is key towards demonstrating accountability to
funders as well as to encouraging widespread adoption by
clinicians and other health care professionals. The cumulative
benefits calculation, developed by Canada Health Infoway, is a
macro-level indicator trended over a period of 10 years. It
represents estimated benefits accruing to various health care
system stakeholders, as driven by component technologies and
their associated adoption across the country. In-depth studies,
validated by external experts in relevant fields, have been
completed for specific technologies, such as diagnostic imaging
systems, ambulatory care Electronic Medical Records (EMR),
and telehealth. The financially quantifiable aspects of each
study are aggregated, trended over time, and indexed to
inflation. From 2007 to 2015 benefits accrued to the Canadian
health care system exceeded $16B.
Keywords-electronic health record (EHR); adoption; digital
health; benefits; telehealth; electronic medical record (EMR).

I.

INTRODUCTION

Efforts to build an interoperable electronic health record
(iEHR) have been underway across Canada for many years.
While deployment progress and rates of user adoption vary
across provinces and territories, the initiative has passed its
tipping point and uptake is now increasing rapidly. The
potential benefits of the iEHR are substantial – improved
quality of care, system efficiencies, improved access to care
and use of health data to better manage the health system and
facilitate ground-breaking research. An iEHR is a secure,
integrated view of a person’s medical records from all
systems in the network; it provides a comprehensive view of
a patient’s medical history [1]. Typically, it integrates data
from diagnostic imaging systems, laboratory information
systems (LIS), as well as drug information systems (DIS), to
provide a longitudinal view of a patient’s clinical history. As
such, it is a similar concept to that of a Health Information
Exchange (HIE) [2]. Across Canada, iEHRs are at various
stages of implementation and maturity and have evolved
according to provincial/territorial strategies and priorities. A
growing number of health care professionals in Canada can
now access important information about their patients
outside of their practice settings through iEHRs [3][4].
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The iEHR acts as a complement to point of service
systems like electronic medical records (EMR) in physician
offices or clinical information systems (CIS) in hospitals.
Regular measurement of adoption and maturity for these
technologies has made progress easy to follow and manage.
For example, in the 2015 Commonwealth Fund Survey, 73%
of all family physicians reported they do use electronic
records to enter and retrieve clinical notes [5].
In the interest of accountability for the public funds under
its management, and optimizing the value accruing from
investment of those funds, Canada Health Infoway (Infoway)
has developed approaches to evaluate and systematically
model the estimated value of outcomes related to select
digital health solutions nationally [6]. The cumulative
benefits model contains estimates for benefits generated
through the use of diagnostic imaging systems, DIS,
ambulatory and primary care EMRs, and telehealth.
The rest of this paper is organized as follows. Section II
describes the methods used for calculating cumulative
benefits. Section III describes the most recent results based
on data up to the end of 2015. Section IV addresses the
assumptions and limitations of the model. The conclusion,
Section V closes the article.
II.

METHODS

The cumulative benefits calculation is driven by
individual quantitative estimates obtained from panCanadian studies commissioned by Infoway for each of the
topics mentioned above. The concept of pan-Canadian
studies to estimate national value was developed in 2006 to
summarize results across diverse data domains, settings,
evaluation methods and time periods. The studies aim to
generate estimates, which are as comprehensive as possible,
validated by experts, and reflecting available evidence. The
cumulative benefits cover a subset of digital health solutions,
and as such represent a portion of the value from digital
health at large. They also provide an assessment of gaps and
recommendations for increasing and optimizing the use and
spread of technologies in order to increase value over time
[6]. Estimates are expressed in Canadian dollars realized on
an annual basis and base assumptions to current contexts are
applied and documented. Not all outcomes represent direct
financial savings, but where possible, a value is expressed
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financially to allow comparison of magnitudes. Where the
literature does not provide sufficient evidence to quantify the
current dollar value of a specific outcome, the value is
omitted from quantitative modeling. In instances where a
range of estimated benefits is provided, the mid-point value
was used as a base estimate. The mid-point estimate for each
domain-specific benefit is highlighted in Table 1 and
corresponds to the year in which the study was carried out.
Simplicity is a core principle of the specification of the
quantitative benefits model, with most discrete value
estimates derived by multiplying the magnitude of outcome
observed per unit x value of outcome x extent of adoption
across Canada. Adoption maturity variation (e.g.,
functionalities used, frequency of use, etc.) is an important
driver of value in digital health deployment, so the extent of
the adoption used in the model must be matched to the
maturity required to achieve the magnitude outcome applied.
Adoption is determined by examining data from surveys
of clinicians and patients, usage data from digital health
solutions, and operational data sets collected by Infoway’s
partners. Specific definitions of adoption are designed to suit
distinct kinds of solutions, and trended over time [6].
Adoption is measured differently for each domain or
technology. This is both due to the practicality and feasibility
of collecting the data and the way in which benefits were
initially modelled. For example, telehealth benefits are
driven by the number of clinical sessions—defined as
consultations involving a clinician and a patient [7] whereas
EMR benefits are driven by the number of Canadian
physicians who reported using an EMR to document patient
information as shown in Figure 1. EMR benefits largely
accrue to physicians, and as a result, it is fitting for physician
adoption to be a driving factor.

Benefit estimates for previous and subsequent years are
dependent on the adoption of each technology by health care
professionals in each year as compared to the base years.
Each year’s estimate is adjusted for inflation according to the
Statistics Canada Consumer Price Index for Health Care [8].
III.

RESULTS

Between2007 and 2015, over $16 billion in quantifiable
benefits have accrued to various parts of the Canadian health
care system as shown in Figure 2. These could take the form
of productivity gains for clinicians, such as those seen
through the introduction of diagnostic imaging systems.
Alternatively, they may represent avoided expenses for
consumers, such as avoided travel by substituting an inperson visit to an urban centre with a virtual consultation via
telehealth. In 2015, the estimated value to the healthcare
system exceeded $2.5B.
Figure 2. Cumulative benefits of investments in digital health across

Canada.

TABLE I.

Figure 1. Family physicians in Canada reporting EMR use:
Commonwealth Fund Surveys.

Conversely, telehealth benefits largely accrue to patients
and the health care systems that fund patient expenses, such
as travel costs. As a result, benefits are driven by patient
utilization. Diagnostic imaging benefits are driven by the
adoption of picture archiving and communication systems
(PACS) by radiologists, physician specialists, and
emergency department nurses since they are the professions
who would be the most likely to depend on these systems as
part of their workflow. While other clinicians and health
professionals are likely to benefit, it was preferable to be
conservative in the adoption estimate, in line with the
organization’s overall reporting principles.
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YEARLY BENEFITS BY DOMAIN

2007

2008

2009

2010

2011

2012

2013

2014

2015

DI

$511

$646

$715

$724

$841

$850

$878

$888

$908

DIS

$233

$369

$436

$441

$462

$487

$551

$579

$593

TH

$52

$70

$95

$128

$158

$187

$266

$340

$407

EMR

$131

$162

$193

$227

$270

$302

$347

$414

$419

AMBEMR

$45

$53

$59

$71

$82

$106

$141

$167

$196

TOT.

$973 $1,300 $1,498 $1,590 $1,812 $1,932 $2,183 $2,387 $2,523

It is expected that future pan-Canadian studies,
examining incremental benefits related to other components
of the iEHR such as patient access to health information
and/or electronic prescribing will expand the model
according to the same overarching methods described above.
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IV.

ASSUMPTIONS AND LIMITATIONS

While it would be desirable to calculate return on
investment (ROI), these benefits accrue to multiple
stakeholders and costs are also borne by multiple and
sometimes different stakeholders, making these calculations
complicated, and best assessed on a stakeholder by
stakeholder basis. As an example, productivity gains may
increase access but result in additional costs to the health
system since more clinical procedures and/or patient visits
can be completed with the same inputs. Nonetheless, this is
a useful analysis at a macroeconomic level since it can
demonstrate the positive effects of investing in digital health.
The pan-Canadian studies completed to date, which drive
the cumulative benefits calculation, were completed
independently, over a number of years (2008 to 2015). As
such, benefits calculated as part of one study, may also be
reflected in another. For example, the Generation 2 Drug
Information Systems study tracked patient safety benefits
related to printing out prescriptions from physician EMRs—
this benefit was also included in the EMR pan-Canadian
study. These benefits were included only once when
aggregating totals in order to eliminate double counting.
V.

and-adoption-connecting-people-and-providers-full/viewdocument?Itemid=101. Retrieved: February 2017.
[8] Statistics Canada. Consumer Price Index, health and personal
care, by province. [Online]. Available from:
http://www.statcan.gc.ca/tables-tableaux/sumsom/l01/cst01/econ161a-eng.htm. Retrieved: February 2017.

CONCLUSION

The cumulative benefits calculation has been and
continues to be a useful tool for demonstrating the benefits of
digital health investments for the purpose of accountability to
funders and taxpayers. In addition, it is a useful tool to
persuade clinicians and other health care professional to
adopt new technologies, and to encourage partners, such as
jurisdictions and health care provider organizations to
continue to invest in digital health.
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Abstract— In 2010, Ontario Shores implemented a fully
integrated electronic medical record (EMR) with the aim of
enhancing patient safety and quality of care. The
implementation of the EMR has created opportunities to
leverage health IT to make further improvements to the
quality of care we provide to our patients, including improving
patient engagement through improved access to personal
health information and enabling alternative care delivery
models. This paper will provide an overview of the strategies
Ontario Shores has employed to foster patient adoption and
ongoing engagement including the launch of an EMRintegrated patient portal that enables patient and proxy access
to clinical data, implementation of a mobile (mHealth)
experience for patients to manage their care with actionable
interventions through a secure mobile cloud technology
platform, and the piloting of a virtual clinic, which will utilize
e-therapy that will maximize access and utilization of evidence
informed virtual treatments.
Keywords- mental health; patient engagement; patient portal;
mobile health; virtual health.

I.

INTRODUCTION

The National Alliance on Mental Illness (NAMI) reports
that approximately 1 in 5 adults in the U.S., 1 in 5 youth
(aged 13–18) and 13% of children (aged 8–15) experience a
severe mental disorder at some point during their life [1].
Yet, only about 40% of adults and 50% of children with a
mental health condition received mental health services in
the past year [1]. In the Canadian context, over 650,000
children in Ontario alone suffer from a mental health
disorder, and suicide is cited as the second leading cause of
death among youth aged 10-19 years, according to the
Mental Health Commission of Canada [2].
Ontario Shores Centre for Mental Health Sciences
(Ontario Shores), the first Healthcare Information and
Management Systems Society (HIMSS) Davies Enterprise
Award recipient in Canada and the first HIMSS EMRAM
Stage 7 organization in behavioural health worldwide [3], is
a recognized leader in the assessment and treatment of those
living with complex and serious mental illness. Ontario
Shores supports the belief that it is essential to both the
health of individuals and their communities to more fully
engage patients in their mental health care [4]. Studies have
shown that those suffering from mental illness experience
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better outcomes and improved quality of life when they
become self-empowered participants in their care [5].
Understanding this, Ontario Shores continuously pursues
new and innovative ways to promote, measure, and improve
patient engagement.
This paper will provide an overview of three strategies
Ontario Shores is employing to advance patient engagement,
including the launch of an EMR-integrated patient portal,
implementation of an offline mobile (mHealth) experience
for patients to manage their care (with actionable
interventions through a secure mobile cloud technology
platform), and the piloting of a virtual clinic, which will
utilize e-therapy.
In section II, we outline the approaches that were
employed to address patient engagement within a mental
health setting. In section III, we highlight some of the
challenges that we experienced with the implementation of
these health IT solutions. Sections IV and V discuss some of
the outcomes and conclusions that have been achieved to
date as a result of implementation of these eHealth solutions
including increased patient satisfaction, improved
treatment/clinical outcomes, improved patient engagement
and savings realized as a result of administrative efficiencies.
II.

THE APPROACH/METHODOLOGY

In early 2014, Ontario Shores launched the HealthCheck
Patient Portal. The implementation of the portal was aimed at
enhancing patient access to their personal health information,
bridging the existing gaps related to active engagement and
partnership between patients, families and health care
providers, evolving current practices and culture from having
the provider as the “keeper of the information” to one where
the provider and the patients are partners in care. It supports
the paradigm shift towards patient-driven care.
Inpatients, outpatients and proxy users are able to access
the portal from any device with an internet connection and
can view, print or share personal health information found
within the portal with other providers in the circle of care [6].
Functionality within the HealthCheck patient portal (Figure
1) includes E-views of reports, discharge summaries,
allergies, and ambulatory medication, E-visits whereby
secure messages can be sent to the patient’s clinician, and Erequests for prescription renewals (Figure 2) [6].
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Ontario Shores is also designing and implementing a
virtual clinic as an adjunct to the current ambulatory
Traumatic Stress Clinic following a stepped-care approach.
The virtual clinic is aimed at bridging the long wait times for
this clinic with the goal of maximizing patient access to care,
utilizing evidence-informed virtual treatments, while more
efficiently utilizing clinical resources. The virtual clinic has
the potential to target improved population health, to
optimize the patient experience and increase value for
money.
III.
Figure 1. Healthcheck patient portal main page tabs and functionality

Figure 2. View of e-request prescription renewal in Healthcheck Patient
Portal

Leveraging this engagement solution, Ontario Shores has
continued to drive patient engagement forward by partnering
with a technology based company that offers secure mobile
and cloud technology platforms that will integrate with the
EMR. It will enable a mobile remote-patient-monitoring
health application that delivers personalized interventions to
individuals in support of their care plans, thus supporting
patients through interactive strategies. Not only will this
solution enable patients to be actively engaged in their care
through the completion of various behaviour assessment
scales, meal assessments, and thought/behaviour trackers, it
will also support predictive analytics capabilities, enabling
clinicians to more proactively monitor patients and respond
to changes in behaviours and assist with identifying patterns
and triggers that could prompt early clinical interventions,
the development of effective coping strategies, and possibly
avoid hospital admissions. Figure 3 illustrates Ontario
Shores’ mobile health technology solution.

CHALLENGES/BARRIERS

Transparency is an essential component for a healthcare
organization interested in achieving improved patient
engagement. One of the many benefits of patient portals is
that they promote transparency. With this increased
transparency, however, effectively integrating change
management strategies to support clinicians with the
transition to the use of a patient portal is paramount to how
clinicians perceive the implementation of the portal. Recall
that this is a paradigm shift for both patients and
clinicians, and patient access to records can be a sensitivity
for clinicians who feel that their practice may be called into
question. At Ontario Shores, clinicians required education
and support with shifting their documentation practices to
ensure that it supported the transition from documentation
that focused solely on sharing information with the treatment
team and/or community partners to one which is aimed at
achieving a partnership in care with patients via transparent
and meaningful personal health information.
In addition, limitations related to functionality are also at
play, which can impact adoption by patients and
endorsement by clinicians. Currently, the portal system does
not provide access to the full EMR (progress notes are
currently not viewable, for example) and therefore portal
users may still be required to submit a request for
information to view components of their EMR that are not
currently viewable.
Additional barriers and risks include patient access and
adoption of technology (internet access, mobile tablets or
phones, Personal Computers (PCs), language barrier, visual
and auditory disabilities). Patients with complex health needs
may also experience difficulty in learning or using the
mobile applications. These risks can be managed by
providing training and guidance on content as well as
ensuring a comprehensive accessibility plan.
It is also important to note the role that device selection
plays in adoption. Planning for the availability of devices for
the implementation is integral to the process. Engaging end
users, both patients and clinicians, in device selection is also
essential to successful adoption. Devices that are
cumbersome to use will have a negative impact on patient
adoption and clinician endorsement.

Figure 3. Ontario shores' mobile health technology patient engagement
solution
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Figure 4. Complexity associated with integrating PHI with the EMR
and mHealth solutions

Finally, overcoming interoperability challenges is central
to a successful implementation. The complexity of
integrating patient health information with the EMR and
mHealth solutions must be well understood. Figure 4
demonstrates the flow of information that needs to occur in
order to interface the eHealth solutions with the EMR.
IV.

OUTCOMES ACHIEVED TO DATE

Following implementation of the patient portal, a
rigorous benefits evaluation research study was conducted to
assess the impact of the portal on patient engagement,
satisfaction, and health outcomes. The results of this
evaluation provide implications for enabling active patient
participation in their care through transparent access to their
Personal Health Information (PHI). They also point to
increased patient activation, improved organizational
productivity, and greater administrative efficiency.
Using the Mental Health Recovery Measure (MHRM), a
robust
self-reporting
instrument
designed
to
comprehensively assess the recovery process for patients
with serious mental illness, along with other systemgenerated reports to evaluate the impact of the patient portal
implementation, Ontario Shores saw a nearly 10% decrease
in missed appointments for portal users, an 86% reduction in
portal users’ release of information requests (Figure 5), and
an administrative time savings of between 10.5 and 40 hours
per portal user. In addition, statistically significant
improvements were seen in portal users in six domains of the
MHRM scores following six months of portal access
including basic functioning, overall well-being, spirituality
and advocacy/ enrichment (Figure 6).
2014 Total ROI
Requests Made
23

2015 Total ROI
Requests Made

The implementation of our mobile technology solution,
currently underway, has the potential to advance and support
areas of patient engagement that do not currently exist at
Ontario Shores, such as tailoring engagement to each
patient’s unique learning style, continued care and therapy
using asynchronous methods that do not rely on traditional
face-to-face interactions, creating a feedback loop to
clinicians that enables predictive monitoring, meeting the
unique needs related to patient instructions, discharge
education needs, and supporting a seamless transfer of care.
Expected outcomes include improved treatment and
medication adherence, decreased missed appointments as a
result of appointment reminders, and improvement in the
quality of care plans that support an increased understanding
of the triggers that lead to behavioural or emotional
difficulty. Additionally, we expect to see improvement in
Recovery Assessment Scale-Revised (RAS-R) Scores, which
measures a patient’s sense of recovery in five domains(1)personal self-confidence and hope, (2) willingness to ask
for help, (3) goal and success orientation, (4) reliance on
others, and (5) life view beyond their symptoms [7]. The tool
is used to facilitate collaborative, recovery-oriented practice
and measure recovery-focused outcomes over time that will
enable clinicians to make data-driven decisions to support
care planning and assist patients in formulating recoveryoriented goals [7]. Figure 7 shows the percentage of patients
that have had an RAS-R score increase by greater than 5 preimplementation on the pilot units/programs.

Total ROI
Percentage
Decrease

3

86%

Figure 5. Portal users total frequency of requests of information (ROI)
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Figure 7. Pre-implementation % of patients that had an RAS-R score
increase by greater than 5

Likewise, our virtual clinic is also in the implementation
phase and the evaluation will form the basis for
recommendations to expand virtual care delivery.
Ultimately, the aim of this model is to address the growing
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number of patients on the waitlist (currently 247), which will
improve patient flow and access to services as well as
decrease the average wait time for treatment, currently 391
days. Outcome indicators that will be tracked include a
clinically significant change in Post-Traumatic Stress
Disorder (PTSD) Severity, which will be assessed using the
20-item PTSD Checklist (PCL-5) scale which will assess the
20 DSM-V symptoms of PTSD, a change in depression
severity which will be assessed using the Patient Health
Questionnaire 9 (PHQ-9), and in-person services avoided
(i.e., increased efficiency) based on the percentage of
patients that will not require formal, in-person services
because they experienced improvement by using the virtual
clinic.
V.

CONCLUSION

Ontario Shores has made substantive strides towards
improving patient satisfaction. One early adopter of the
portal indicated “[j]ust having my own access has given me
freedom as a patient.” This type of qualitative feedback is
indicative of patients feeling increased autonomy as a result
of having access to their PHI. Additionally, users indicated
that “[t]his system is very helpful for appointment
reminders”, which is supported by the downward trend in
overall missed appointment percentages post-portal
implementation. Missed appointments among portal users
decreased by 9% in comparison to non-users who decreased
by 6%. In 2015, users accounted for 26% of 4948 total
missed appointments compared to non-users who accounted
for 74%. In addition, users accounted for 958.5 hours
planned for appointments that were not fulfilled or 0.5 fulltime equivalent (FTE), while non-users accounted for 2752.5
hours planned for appointments or 1.4 FTE.
In terms of the impacts that these strategies have had on
improved patient outcomes, statistically significant
improvements were seen in portal users within the following
six domains of the MHRM scores following six months of
portal access: overcoming stuckness, basic functioning,
overall well-being, new potentials, spirituality, and
advocacy/enrichment. These results add to the body of
knowledge and literature, as there are currently very limited
studies focusing on the impacts of patient portals on users
among the mental health population.
Given the vital role that predictive analytics can play in
the area of mental health, the collection of application usage
data, self-reported assessments and behavior tracking
through the mHealth app, clinicians can track patient
behaviors, identify triggers and can proactively implement
preventative interventions to avoid hospital admissions and
emergency room visits.
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Additionally, patients can be directed and prompted with
adaptive behaviours to improve self-care using the app.
Patients can participate in manualized therapies at their
convenience through their mobile device anytime and
anywhere. By incorporating this type of technology into
patient care, we are realizing goals around enhancing access
to quality mental health care.
In terms of additional value for money post portal
implementation, the organization saw a decrease of 86% in
the frequency of ROIs compared to non-users who saw a
decrease of 57%. Users contributed to an organizational time
savings from managing requests of between 10.5-40.0 hours.
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Abstract—Most of human body regulation is controlled by the
autonomic nervous system (ANS). The activities of ANS
influence the human health, therefore, how to observe the
proper activity of ANS in time is important. Heart rate
variability (HRV) is generally a common and widely noninvasive used method for indicating the activities of ANS.
However, electrocardiography (ECG) used for HRV analysis is
not suitable for homecare. Pulse rate variability (PRV) of
photoplethysmography (PPG) is a surrogate method for HRV
of ECG. Furthermore, PPG is easier and more convenient to
use at home. Whether using HRV or PRV, there still remains
some limitations because of the timescale which causes the
frequency domain analysis restricted to only 0.5 Hz. For
breaking the limitations, a novel method instantaneous pulse
rate variability (iPRV) was proposed. The previous study had
shown the difference between fever patients and normal people
by using iPRV analysis. Nevertheless, it did not compare the
result of iPRV to the conventional method. The aim of this
study is to examine that iPRV can not only indicate the
activities of ANS as PRV but provide more information. The
result of this study shows the conventional indexes have no
significant difference between PRV and iPRV. But the
modified indexes including the very high frequency band (VHF)
computed by PRV are different to the one computed by iPRV.
The power of VHF is much greater in iPRV than PRV. This
band as an indicator may contain more information about the
body regulation. In this study, using iPRV as a method in
homecare has more efficiency.

Heart rate variability (HRV) is generally a common and
widely non-invasive used method for indicating the activities
of ANS [2]. Electrocardiography (ECG) signal is acquired to
calculate the beat-to-beat interval (RRI) for HRV analysis
(Fig 1(a)). But, ECG measurement is too inconvenient to use
in the home. It is not suitable for homecare.
Compared to ECG, photoplethysmography (PPG) is
easier and more convenient to use in the home [3]. It is
called pulse rate variability (PRV) if applying the PPG signal
instead of ECG to calculate the peak-to-peak interval (PPI)
for HRV analysis (Fig 1(b)). Though the ECG signal and
PPG signal have the difference because of the pulse
transition time (PTT) between RRI and PPI, many studies
have determined that PRV can act as a surrogate of HRV
during some conditions [4].
Nevertheless, the timescale of RRI and PPI have a
limitation. It causes the frequency band of HRV or PRV
spectrum analysis to be restricted to about only 0.5 Hz [5].
For breaking the limitation, instantaneous pulse rate
variability (iPRV) was proposed [6]. iPRV adopted PRV
technique and applied the frequency range extension method
based on Hilbert-Huang transform (HHT) [7]. HHT can deal
with the non-stationary and nonlinear data by the pre-process,
called empirical mode decomposition (EMD). However, the
intermittency phenomenon, which called mode mixing

Keywords-Pulse rate variability (PRV); Empirical mode
decomposition (EMD); Instantaneous PRV (iPRV).

I.

INTRODUCTION

There are various mechanisms for regulating the human
body. Many of them are dominated by the autonomic
nervous system (ANS). The ANS contains sympathetic (SNS)
and parasympathetic (PNS). The balance between SNS and
PNS is important to maintain health of human. It influences
the health when the activities of ANS are not stable [1].
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Figure 1.

The procedure of (a) HRV and RRI, (b) PRV and PPI.
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problem is involved in EMD. The noise-assisted method
called ensemble EMD (EEMD) was proposed to solve this
problem [8].
The previous study had compared the difference between
the fever patients and normal people by iPRV spectrum
analysis [9]. The aim of this study is to compare the iPRV
spectrum result of the previous study [9] to PRV result to
examine iPRV is useful and reliable for observing the
activities of ANS. Besides this, the iPRV has more
information in embedded in higher frequency band than PRV.
II.

MATERIA AND METHOD

A. Subjects and data collection
The experiment was carried out in Yo-Yo Clinic,
Kaohsiung, Taiwan. The body temperature was measured by
ear thermometer (Radiant TH889, Radiant Innovation Inc.)
and the signal was acquired by PPG (Nonin 8500, Nonin
Medical Inc.) with 200 Hz sampling rate.
30 subjects were recruited in this study. 15 subjects
whose body temperature are higher than 37.9 °C serve as
fever group, others serve as normal group. All subjects were
measured the body temperature before acquiring the PPG
signal. The subjects were required to rest quietly in supine
position when the PPG signal acquiring for 10 minutes. This
experiment was approved by the institutional review board
of the National Chiao Tung University. Informed consent
was obtained from all subjects before the experiment.

C. iPRV procedure
There are many steps of the iPRV procedure [6]. First, it
uses EMD to decompose the PPG signal to many intrinsic
mode functions (IMFs) [7]. The algorithm of EMD is shown
in Fig 3. However, because of the mode mixing problem
involve in the EMD, the EEMD was used in this study. The
procedure of EEMD is shown in Fig 4. [8]. After
decomposition, one of the IMFs which was sinusoid-like is
considered as the heartbeats component. This IMF is used
for calculating the instantaneous frequency (IF) by
normalized direct quadrature (NDQ) [10]. The procedure of
NDQ is shown in Fig 5. The iPRV uses the inversion of IF
called iPeriod to calculate the power spectrum by FFT. The
whole procedure of iPRV is shown in Fig 6. The spectral
analysis
programs
in
this
study

Find local extrema of

Mean of upper, lower
envelopes
Compute

B. PRV procedure
The procedure PRV is shown in Fig 2. First, finding out
the peaks in each pulse cycle. Second, calculating the PPI
series by the interval between each peak and interpolating to
200 samples per second. Last, transforming the PPI series to
power spectrum by fast Fourier transform (FFT) and
calculating the power of each band.

No

Is an
IMF?
Yes

Output
Figure 3. The algorithm of EMD.
Input
data

Input PPG
signal

Add white noise

Add white noise

…

Add white noise

EMD

EMD

…

EMD

IMFs

IMFs

…

IMFs

Peak detection

interpolation

PPI series
Ensemble

FFT

Ensemble
IMFs

Power spectrum

Figure 4. The algorithm of EEMD
Figure 2. An example procedure of PRV.
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were developed by using a commercial software platform
(LabVIEW version 2013, National Instruments Corp., Austin,
USA).

Input IMF

D. Iindex calculating
The standard of bandwidth of low frequency band (LF) is
between 0.04 Hz and 0.15 Hz and high frequency band (HF)
is between 0.15 Hz and 0.4 Hz [11]. The conventional
indexes of normalized power (nLF and nHF) and LF-HF
ratio are calculated as follows.


nLF = 100% * (LF / (LF + HF)),



Calculating quadrature

nHF = 100% * (HF / (LF + HF)), and

(2)

Instantaneous phase

LF-HF ratio = 100% * (LF / HF).

(3)

Normalized

For calculating including very high frequency band
(VHF), we assume the bandwidth of VHF is from 0.4 Hz to
0.5 Hz in PRV and 0.4 Hz to 0.9 Hz in iPRV. The modified
indexes are calculated as follows.

Differential
IF
Figure 5. Calculate IF by NDQ.

Input PPG
signal

nLFa = 100% * (LF / (LF + HF + VHF)),

(4)

nHFa = 100% * (HF / (LF + HF + VHF)), and

(5)

nVHF = 100% * (VHF / (LF + HF + VHF)).

(6)

EEMD

Each abbreviation, LF, HF and VHF in equations
presents the power of each frequency band.

Heartbeat IMF

E. Statistic analysis
Homogeneity test was used to test the distribution of each
index calculated by PRV and iPRV is homogeneity or not
before independent t-test. Independent t-test was used to
compare the significant difference between each index
calculated by PRV and iPRV. P value of <0.05 was
considered significant. All statistical analysis was performed
by using commercial statistics software (IBM SPSS statistics,
version 22.0.0.0, IBM corp., New York, USA).

NDQ & inverse

iPeriod

FFT

Power spectrum

III.
Figure 6. The procedure of iPRV.

RESULT

The comparison result between PRV and iPRV is shown
in Table 1.

TABLE 1. THE COMPARISION BETWEEN PRV AND IPRV

group
method
nLF
nHF
LF-HF ratio
nLFa
nHFa
nVHF

Normal group
PRV

*

*

46.5±16.4
53.5±16.4*
109.9±86.9*
26.4±10.9
30.5±11.5*
43.1±10.4

49.6±16.6
50.4±16.6*
128.8±112.6*
42.8±15.8*#
43.9±16.6*#
13.2±10.2#
1

Copyright (c) IARIA, 2017.

Fever group
iPRV

PRV

iPRV

67.2±12.4
32.8±12.4
263.6±187.0
56.7±11.9#
27.5±10.1#
15.8±6.8#

62.5±12.8
37.5±12.8
207.5±136.2
32.5±11.7
18.8± 7.4
48.7±13.6

* means p-value <0.05 compared with Fever group, # means p-value<0.05 compared with iPRV
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There is no significant difference in nLF and nHF
between PRV and iPRV. If calculating including VHF, each
index in PRV is significantly different to the one in iPRV
whether in normal group or fever group. However, each
index whether computed including VHF or not, they have
the same trend in PRV and iPRV. For example, comparing to
normal group, nLF increased in fever group whether
calculated by PRV or iPRV. Nevertheless, the value of
nVHF is much larger in iPRV than PRV, we discuss it in the
next section.
IV.

DISCUSSION

The conventional indexes, nLF, nHF and LF-HF ratio,
calculating by HRV usually present the activities of ANS
[2][11]. The PRV can be used as an alternative measurement
of the HRV [4]. So, nLF, nHF and LF-HF ratio are useful for
indicating the activities of ANS by PRV. Besides this, the
result of this study also shows the value of nLF, nHF and
LF-HF ratio calculated by iPRV are no significant difference
to PRV. Therefore, nLF, nHF and LF-HF ratio calculated by
iPRV can also indicate the activities of ANS. For modified
indexes in this study, because of the narrow bandwidth of
VHF in PRV, nLFa and nHFa are similar to the conventional
indexes. Otherwise, the power of VHF is much larger in
iPRV. VHF band may contain more information about not
only activity of ANS but more body regulation.
Some studies have assumed that VHF has the possible
meaning of cardiac output or peripheral circulation
[6][12][13]. Another study also shows the VHF band has
potential to evaluate fluid responsiveness [14]. In addition,
the previous study had compared the difference between
normal people and fever patient and discussed the
relationship between some thermoregulation and each index
[9]. However, it still needs more experiments to examine the
meaning of VHF.
V.

CONCLUSION

This study has shown the reliability of the conventional
indexes in iPRV. Moreover, the ultra-band, VHF, computed
by iPRV contains more information about the body
regulation for monitor. iPRV uses the convenient and easy
measurement for signal acquiring, but provide more
information than PRV. iPRV has a potential to be a better
monitor of health status for homecare.
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Abstract—Breathing is one of essential processes for human to
inhale and exhale air for gas translation. People modulate
respiratory frequency (fast or slow) and depth (deep or shallow)
consciously or unconsciously. Different breathing patterns
perform distinct breathing movement and physiological
mechanism. Breathing movement could be described by
observing thoracoabdominal movement which is a
combination of cooperated muscle contraction from rib cage
and abdomen. Isovolume maneuver (IVM) is a typical
respiratory pattern with different respiratory frequency and
depth. To investigate the effect of respiratory pattern, it is
important to observe the transition state between different
respiratory modulations. In 2016, Huang proposed HoloHilbert spectral analysis (HHSA) for identifying the joint
frequency and amplitude modulation. To obtain the transition
period, HHSA is adopted to investigate time-frequency
modulation (Time-FM) and time-amplitude modulation (TimeAM) during IVM. Simulation and experiment results indicate
that time-AM spectrum and FM-AM spectrum can identify the
time-variate transition period between spontaneous breathing
(0.3 Hz) and paced breathing (0.1 Hz). This achievement could
be helpful for detecting transition state of respiration,
especially during exercises or suffering cardiopulmonary
disease for long-term care.
Keywords-Holo-Hilbert spectral analysis (HHSA); Empirical
mode decomposition (EMD); Isovolume manuver (IVM)

I.

INTRODUCTION

Breathing is an essential and important process for gas
exchange. The mechanism of human breathing is the
pressure gradient of airflow to induce inhaling or exhaling
with a series of cooperation between ribs and muscles [1][2].
People can modulate instantaneous respiratory frequency
(fast or slow) and depth (deep or shallow) consciously or
unconsciously. There are two common breathing types,
thoracic breathing (TB) and abdominal breathing (AB). TB
is implemented by the contraction of intracostal muscles to
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raise rib cage and to increase lateral and anteroposterior
dimension of thoracic cavity. Most of gas exchange happens
in upper lungs. AB is commonly used during sleep and
mainly implemented by the contraction of abdominal
muscles. It would drive the deeper descending of the
diaphragm and inhale air into the entire lungs. The lung
volume during AB is usually larger than TB and performs
slowly rate and more effective on gas exchange. In addition,
different breathing types, especially AB, could stimulate
parasympathetic nervous system and lead human to feel
relaxed [3][4].
In physiological study, the dynamic function of breathing
can be described by observing thoracoabdominal movement
(TAM) consisting of related muscular contractions and
relaxations between rib cage (RC) and abdomen (ABD) [5].
One of non-invasive methods to measure breathing pattern is
respiratory inductive plethysmograph (RIP). In general, RIP
belts are placed on the RC and ABD to measure the TAM
and quantify the breathing features including respiratory rate,
tilde volume, energy of breathing, and phase shift of TAM
[6]. Literature has reported that patterns of RC and ABD
movements can be used to identify breathing types (TB and
AB) [7][8]. However, breathing pattern is dynamical changes,
it is important to observe the transition state between
different respiratory modulations.
In signal processing, noise reduction with band-pass filter
has time delay problem. Empirical mode decomposition
(EMD) [9] is used to decompose biosignals into oscillatory
modes with different frequencies without introducing any
phase delay [10]. Each component decomposed by EMD is
regarded as a meaningful mode called intrinsic mode
function (IMF). The instantaneous frequency responses of
the IMFs derived through direct quadrature and showed in
Hilbert spectrum [11]. In EMD process, mode mixing has
seemed to be a problem, which is defined as a pattern of
signals whose activities reside within the same frequency of
different IMFs. In a new method, named Holo-Hilbert
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spectral analysis (HHSA) and proposed by Huang et. al. in
2016, there exists a physical phenomenon in the mode
mixing [12]. It extends EMD method and uses nested EMD
with Hilbert-Huang Transform (HHT) to identify the
modulations in nonlinear systems [12]. In addition to
frequency variation, data containing amplitude variation
would influence EMD process. HHSA brings out a highdimensional spectrum called Holo-Hilbert spectrum to see
the variation in frequency and amplitude.
The iso-volume maneuver (IVM), which is widely used
for calibrating respiratory sensors and thoracoabdominal
movement evaluation [13][14], is a typical respiratory
pattern with spontaneous breathing and paced breathing. To
investigate the effect of respiratory pattern, it is important to
observe the transition state between different respiratory
modulations. HHSA has been proposed recently to identify
the frequency and amplitude modulations in nonlinear
systems. This study used HHSA to investigate timefrequency modulation (Time-FM) and time-amplitude
modulation (Time-AM) during IVM.
II.

METHOD AND METERIAL

A. Holo-Hilbert spectral analysis method
HHSA extends current spectral analysis such as Fourier
analysis and Hilbert spectral analysis, which are based on
additive expansion to show the variation on frequency. It
gets the lower frequency envelop as amplitude fluctuation
from the higher carrier frequency oscillations and expands
original time-frequency spectrum into a higher-dimensional
representation of the FM-AM spectrum, with the FM
representing the fast-changing carrier intra-mode frequency
variations and the AM representing the slow-changing
envelope inter-mode frequency variations [12]. A best way
to present the advantage in HHSA as shown in (1). A
multiplicative data would be regarded as the addition from
two terms by using an additively based method. On the other
hand, it could be considered as a cosB term with the
amplitude modulation by cosA term. Therefore, we could
obtain the amplitude variation through HHSA if it exists
amplitude modulation.
x(t) = cosA·cosB = (1/2) [cos(A+B)+cos(A-B)]

(1)

Before introducing HHSA method, realized the EMD
algorithm ahead. The steps of EMD are shown in Fig. 1(a).
First, we can find the local maximum and local minimum to
produce upper envelope and lower envelope by a cubic
spline and calculate the mean of these two envelopes. Then,
subtract the mean envelope from the oringinal data. The
above detrending operation is called sifting process, which is
based on energy-associated extraction in each timescale [9].
After sifting process, we need to determine whether the
result is an intrinsic mode function (IMF). An IMF would
satisfy the following two requirements: (1) the number of
local extrema must be equal or differ at most by one to the
number of zero-crossing; (2) at any point, the value of the
mean envelope must approximately equal to zero. If the
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(a)

(b)

Figure 1. Illustration to the procedure of (a) EMD algorithm and (b)
HHSA.

result is an IMF, output the IMF and deduct it from the
original data to get the residue. If not, replace the original
data by the result and perform sifting process again. Last,
determine whether the residue is monotonic. If it is not a
monotonic function, use the residue as original data and
execute above steps. Else, EMD procedure is finished and
gets lots of IMFs decomposed by EMD method.
The steps of HHSA method are shown in Fig. 1(b). Data
would be decomposed by EMD method more than one time.
First, original data execute EMD method and obtain many
IMFs, treating as IMFi that means i-th IMF. We take the
absolute value on each IMFi and identify all the maxima on it
to produce envelope by a natural spline which be viewed as
the time fluctuation of the amplitude function. Then, perform
EMD method on these envelopes and produce another lots of
IMFs, treating as IMFij that means j-th IMF in the envelop of
IMFi. The step, decomposing envelopes by EMD method,
would constantly execute to delineate the amplitude function.
With each additional layer of decomposition on the
envelopes, need additional dimensions to accommodate the
amplitude variations. This study presents two layers EMD
method in HHSA and gets Holo-Hilbert spectrum with four –
dimensional data including time, FM frequency, AM
frequency, and energy density. Besides the FM-AM
spectrum, defined in [12], we show the Time-FM spectrum
and Time-AM spectrum to investigate FM frequency
variation and AM frequency variation on breathing pattern in
timescale.
B. Simulation and IVM data collection
This study simulated breathing pattern by using pure
sinusolid wave and showed two different breathing types
alternating appeared as Fig. 2. One breathing rate is 20 times
per minute (0.3 Hz). The other one is 6 times per minute (0.1
Hz) and has larger amplitude than the amplitude of 0.3 Hz
breathing rate. The breathing pattern executes five times in
simulation.
Procedure of IVM includes alternate spontaneous
breathing (near 0.3 Hz) and paced breathing (0.1 Hz) in
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Figure 2. Simulation of spontaneous breathing (0.3 Hz) and paced
breathing (0.1 Hz) with sinusoidal pattern.
(a)

(a)
(b)

(b)
Figure 3. RIP signals from (a) RC movement and (b) ABD
movement during IVM. The dense part is for spontaneous breathing
and the loosely part is for paced breathing.

iso-volume status. Subject (female, 24 years old, 165 cm,
50kg) was instructed to perform IVM as following four steps
for five times. (1) The subject breathed freely for 24 seconds
and prepared to start the IVM. (2) The subject was asked to
inhale deeply and slowly to hold the breath for 6 seconds.
The lung volume kept equivalent during the IVM. (3) The
subject was instructed to move abdominal wall inward for 5
seconds and moved outward for 5 seconds. The abdominal
wall moved inward and outward for three times. (4) The
subject was asked to exhale and take a break for 24 seconds.
During IVM, shift air between RC and ABD as much as
possible with the holding breath.
Fig. 3 illustrates the data, which were be acquired by two
RIP sensors (RIPmate Adult Thorax Alice 5 Inductance Kit,
Ambu Inc., Denmark) during IVM procedure. The RIP
sensor was worn below the axilla to record RC movement as
shown in Fig. 3(a), and the other RIP sensor was placed on
the navel to record ABD movement as shown in Fig. 3(b).
Both RIP signals were acquired by a data acquisition hub (NI
SCB-68, National Instruments, USA) and a data acquisition
card (NI USB 6255, National Instruments, USA) at a
sampling rate of 50 Hz and were subsequently transferred to
a computer (Acer Veriton M2610). The program controlling
the instructions and data acquisition was developed using
LabVIEW platform (LabVIEW 2012, National Instruments,
USA).
III.

RESULTS

Fig. 4(a) illustrates Hilbert spectrum with EMD method
and instantaneous frequency in simulation data. Fig. 4(b),
4(c), and 4(d) illustrate HHSA method including FM-AM
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(c)

(d)
Figure 4. The spectra for the simulating data consist of (a) Hilbert
spectrum, (b) Time-FM spectrum, (c) Time-AM spectrum, and (d)
FM-AM spectrum.

spectrum, Time-FM spectrum, and Time-AM spectrum
respectively. In Hilbert spectrum, we observe the alternate
frequency, 0.33Hz and 0.1 Hz, in timescale which is
consistent with the condition we gave. Because the
magnitude is calculated by energy density, larger amplitude
indicates as high magnitude and red color in this case. In
FM-AM spectrum, it presents high energy (high magnitude)
when FM frequency is equal to 0.1Hz and 0.33 Hz and
obtain high energy when AM frequency is within the range
of 0.015 to 0.02 Hz. In Time-FM spectrum, the distribution
of frequency is similar to Hilbert spectrum but different in
color. In Time-AM spectrum, we find the high energy at
about 0.015 Hz in AM frequency and appear high frequency
(0.09 Hz) near transition timing.
Fig. 5 and Fig. 6 indicate the results of RIP signals from
RC and ABD movement. We see RC movement first. In
Hilbert spectrum, it appears the floating frequency with time.
The frequency in spontaneous breathing is about 0.2 to 0.4
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(a)

(a)

(b)

(b)

(c)

(c)

(d)

(d)

Figure 5. The spectra for the RIP signal with RC movement consist of
(a) Hilbert spectrum, (b) Time-FM spectrum, (c) Time-AM spectrum, and
(d) FM-AM spectrum.

Figure 6. The spectra for the RIP signal with ABD movement consist
of (a) Hilbert spectrum, (b) Time-FM spectrum, (c) Time-AM
spectrum, and (d) FM-AM spectrum.

Hz with yellow and green color and the frequency in paced
breathing range from 0.05 to 0.15 Hz with red color (higher
energy). In FM-AM spectrum, there are two faint parts in
FM frequency at 0.05 to 0.1 Hz and 0.15 to 0.4Hz
respectively and appears higher energy near 0.02 Hz in AM
frequency. In Time-FM spectrum, more complex than
simulating data, we could recognize three distinct ranges.
One of them is in the range of 0.05 to 0.1 Hz with green and
blue color that is viewed as the frequency of paced breathing.
Another is ranging from 0.2 to 0.4 Hz with yellow and green
colors that refers to the frequency of spontaneous breathing.
The other one is most obvious that joined both of above and
crossed the range from 0.05 to 0.4 Hz. In Time-AM
spectrum, there is a clear orange line in 0.02Hz but others
information is irregular.
The spectra in ABD data compare to RC data, there are
some difference in FM-AM spectrum and Time-FM
spectrum. In FM-AM spectrum, the energy in lower
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frequency is larger and more centralized than RC in FM
frequency. In Time-FM spectrum, the red region shows
lower frequency than RC.
IV.

DISCUSSION

We performed the simulated breathing data on four-type
spectra and found that the similar distribution of frequency in
Hilbert spectrum and Time-FM spectrum expect of 0.1 Hz
and 0.3 Hz components allocated different colors, implying
different energy densities. Compared to Hilbert spectrum, the
pure frequency variation is clearly displayed in Time-FM
spectrum. This performance could be the effect of 2nd EMD
process, displaying it in another Time-AM spectrum. In
addition, we find two bright points near 0.02Hz in AM
frequency in FM-AM spectrum. AM is the slow changing
envelope frequency variation that presents cyclic
characteristics in the envelopes. In simulation, breathing
pattern executed five times could be regarded as transition
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period with five periods in the envelopes and its frequency is
0.016 Hz. It is close to the higher energy in AM frequency
indicated in FM-AM spectrum and Time-AM spectrum.
Comparing real breathing pattern with simulating
breathing pattern and RC movement with ABD movement,
we find some results. (1) There are two cases under the
highly varied frequency of spontaneous breathing. In
simulating case, we could clearly see the frequency in
Hilbert spectrum and Time-FM spectrum. But in real case,
the energy would spread to adjacent frequency, so the
frequency is ambiguous. (2) In Time-AM spectrum, we find
the higher frequency timing close to the transition timing in
simulating case, but could not find in real case fellow the
same rule. It may owing to the energy of higher frequency
pretty lower than main energy that is difficult to indicate
clearly in dynamical respiration. (3) The main distribution of
frequency on ABD movement is lower than RC movement
in Time-FM spectrum that present higher energy on paced
breathing than spontaneous breathing. It may cause by
performing TB during spontaneous breathing but we need to
more experiment data to prove. (4) There are some
unreasonable distribution of energy in Time-FM spectrum.
As the Fig. 5(b) shows that the main distribution of energy
range from 0.05 to 0.4 Hz, it is composed by two kind of
frequency of breathing pattern. After being decomposed by
EMD method, it should be divided into two different
frequencies.
The IMFs decomposed by EMD on RC data shown as
Fig. 7(a). We find the mode mixing problem in IMF6. We
repeat the same process after removing IMF6 from RC data.
In Time-FM spectrum shown as Fig. 7(c), we can find 0.1
Hz frequency of paced breathing obviously and 0.2 to 0.4 Hz
in spontaneous breathing. Followed by above steps on ABD
data, we can obtain clear frequency in spontaneous breathing
and paced breathing.
V.
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(b)

(c)

(d)

Figure 7. (a) The IMFs for the real data on RC. (b) The IMFs for the
real data on ABD. (c) Time-FM spectrum of RC data removing IMF6.
(d) Time-FM spectrum of ABD data removing IMF6.
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Abstract— Providing evidence for the added value of ITinnovations in health care for people with dementia is most
challenging. Questions on relevant outcome criteria, methods
of measurement, qualitative methods and quantitative, and
correct stakeholder management are some of the issues coming
to the fore. This short paper shares the best practices and
challenges met on two short-term studies on IT-innovations for
people with severe dementia. The paper also includes the topics
and questions to discuss in the workshop EviDem: Evidence
based IT-innovations for People with Dementia, during the
eTelemed, the Ninth International Conference on eHealth,
Telemedicine, and Social Medicine, 2017.
Keywords: engaged scholarship; IT-innovations in health care;
dementia; research method; evidence.

I.

INTRODUCTION

In 2015 and 2016 I conducted two studies on IT
innovation in intramural care for people with severe
dementia. The first study was on the effects of a remote
sensor system as regards to 1. the quality of life and care of
the client and 2. the efficiency of care by the care providers.
The second study was on the effects of a social media
application as regards to 1. the quality of life of the client
and 2. the relationship between client and care provider.
Both studies were small-scale, involving 12 to 24 clients
with severe dementia and lasted six months. This short paper
focusses on the methods used and the challenges met.
II.

ENGAGED SCHOLARSHIP AND ETHNOGRAPHY AS
RESEARCH METHODOLOGY

The study on IT innovation for people with dementia in
an intramural setting focuses on a series of complex issues in
a social setting. The IT innovation is supposed to generate
different results for various stakeholders in the arena of care,
and all stakeholders have different interests. Clients with
dementia are mostly hoping the IT innovation will improve
their quality of life and care. Formal care providers often
want to be able to give better care with the IT innovation.
Boards of management of care providers direct their
attention to efficiency in care while IT innovators and also
financers of the IT innovation have commercial stakes when
it comes to innovation in care practices.
At the same time the study on IT innovations is also
supposed to contribute to the body of scientific knowledge
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on design and implementation of IT innovation in care. So
the research method used has to serve multiple stakeholders
in both the practice and the science of care. To increase the
capabilities to study complex problems and to create the
kind of knowledge that advances both practice and science
in care, I propose the method of engaged scholarship by Van
de Ven [1]. Engaged scholarship is a participative form of
research for obtaining the views of key stakeholders to
understand a complex problem. By exploiting differences
between the viewpoints of the stakeholders, I found that
engaged scholarship produces knowledge that is more
penetrating and insightful than when researchers work
alone.
Depending on the research purpose Van de Ven
proposes 2 possible research perspectives: the ‘detached
outsider’ and the ‘attached insider’ [1]. The purpose of my
research was two-fold, namely to gain knowledge about the
effects and the adaption of the IT innovation interventions
together with the stakeholders and to gain knowledge about
the complexity of intramural setting in which the IT
innovation is launched. Therefore I chose the ‘attached
insider’ view.
The first aim of studying the effects and adaption of the
IT innovation demanded an action/intervention research.
Developed by Kurt Lewin in 1944 action research is a
reflective process of problem solving whereby researchers
and stakeholders work together to improve the community’s
strategy, practices and knowledge of the settings in which
they practice. The basis of this process is the participation of
stakeholders in problem solving, using systematic methods
of data collection, feedback, reflection and action [1]. By
taking the perspective of the ‘attached insider’, I worked
together with the key stakeholders to design and execute the
research to ensure that all stakeholder’s interests were
served the best possible way.
The second aim, to gain insight in the complexity of the
situation and to contribute to the body of scientific
knowledge, required a collaborative basic research, another
form of engaged scholarship [1]. This form of research
entails sharing of power and joint activities among the
researcher and stakeholders in order to co-produce
knowledge about a complex problem or phenomenon.
Taking again the perspective of the ‘attached insider’, I
shared the daily life with the clients and care providers in
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the intramural setting for a period of time, discussing our
experiences and our viewpoints, their perceived obstacles
and analyzing our findings together. I gathered the
experiences and knowledge of the diverse stakeholders
involved through interviews, conversation, participation and
observation. To get a close and intimate familiarity with the
stakeholders and their practices the key in the research
strategy used here was participant observation, observing
while playing a role within the group observed.
III.

CHALLENGES MET

As Van de Ven notes, practicing engaged scholarship raises
a number of challenges, two of which I also encountered
while doing research in the intramural setting: divergent
viewpoints and building relationships with stakeholders.
Firstly, engagement generates divergent viewpoints that can
be juxtaposing. In my research I incorporated the
stakeholders’ viewpoints and I gathered data from all the
stakeholders involved: the clients, their care providers –
formal and informal -, the board of management, the IT
innovation developers and the financers of the IT
innovation. The viewpoints generated showed different
stances – not only on the IT innovation itself as intervention
but also on the results this IT innovation generated by the
client with dementia.
I found that reconciling these divergent viewpoints
is not the point in this research. The point is to study and
understand when and why these viewpoints are different. I
tried to explain these differences by seeing the
interconnectedness and webs of entanglement between the
different dimensions of the processes in the daily lives of
the clients and their care providers – formal and informal. I
came to a holistic understanding from engaging all the
stakeholders and analyzing their constantly evolving
relationships.
The second challenge was negotiating the research
relationship by establishing and building relationships with
stakeholders. My research was undertaken with all
stakeholders but especially I needed to build a good
relationship with the clients and their formal care providers
with whom I would be working. I experienced that building
this relationship takes time, mutual understanding and a
subordinate position of the researcher. The clients and care
providers in my research were never involved in any sort of
research before. When I suggested this research to them I
made sure that they understood what it entailed from both
sides, coming to work with them, talking and sharing,
explaining, reflecting and exposing personal details.
The majority of the clients involved could not
communicate and understand the implications of being
involved in research. Their interests were represented by the
care providers – formal and informal. The board, informal
and the formal care providers had outlined their priorities as
regards the clients: the wellbeing of the client at all stages of
the research. This meant no intrusion, no upheaval, no
insecurities in the clients’ environment. As soon as it
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became clear that the client had a negative reaction or was
obstructed in his or her daily life, the research and IT
intervention would be stopped. Keeping the daily routine as
regular as possible was key to the wellbeing of the clients.
We made the agreement that the clients’ wellbeing would
always have precedent over any other issue that could in the
study. All decisions made during the research were always
guided by these principles. This way we made sure that all
parties were contributors in working towards the
development of the IT innovation and partners in the study.
Taking the time to build the relationship, mutual
understanding and a complete subordinate position from the
researcher to the wellbeing of the client made all
stakeholders feel secure and safe, contributing as much as
what was within their reach and therefore ensuring the best
results within the study. It also meant however that the
length of the study and the schedule set was determined by
the clients from day to day. For me as a researcher this
imposed a definite time challenge in the research frame that
was dictated by strict delivery dates and deadlines.
IV.

TOPICS AND QUESTIONS TO DISCUSS

The other challenges that I experienced in my studies on IT
innovations and people with severe dementia are: 1. how to
include the persons with severe dementia in the IT
development and 2. how to take the constantly changing
needs and abilities for persons with severe dementia into
account while ensuring reliable research data.
It is proven that including the persons with dementia in
the development of IT innovations ensures a better
product/service and a higher adaptation of the innovation
[2]. However, people with severe dementia are often not
able to participate in research due to the fact that dementia
in a severe stage restricts their interaction with their
environment. To ensure the best results, what is the best
practice to include the persons with severe dementia in the
IT development?
During the research I experienced that the ability to
interact with people with severe dementia can vary from
hour to hour. One moment the person with severe dementia
is able to interact and use the IT innovation provided, the
next moment he or she is not able to due to the effects of the
illness or the effects of the medication administered. This is
an incredible challenge to both the client and the researcher.
What is the best practice to take the constantly changing
needs and abilities for persons with severe dementia into
account while ensuring reliable research data?
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Abstract—The use of simulation in health professional
education has increased rapidly in Japan during the past
decade. However, to date, only a limited number of studies
reporting this situation has been published. We, herein,
endeavored to ascertain how simulation has been adopted in
nursing education, reviewing Japanese articles in this field.
Searching a database, Nippon Igaku Chuo Zasshi, identified 86
peer-reviewed research studies published in Japanese between
1986 and 2016. Since 1999, around 5 articles per year have
consistently been published. Simulation was applied
predominantly in basic and medical-surgical nursing areas, to
learn physical assessment, fundamental skills, injection, and
perioperative care. Forty-one percent of the simulation-based
learning was conducted using 3-D-models to provide infection
and cardiopulmonary resuscitation education. Intermediate
and high fidelity patient simulators were applied to teach
physical assessment, fundamental skills, and perioperative care,
only in rare cases. In Japan, much higher importance should
be placed on simulation-based undergraduate nursing
education, and the socioeconomic environment for introducing
more sophisticated simulators must be improved.
Key words- nursing education;
simulators; health care professionals.

I.

nursing;

simulation;

INTRODUCTION

The primary aim of simulation is to improve patient
safety and to help the student nurse achieve competence,
linking their theoretical knowledge with clinical practice [1].
The use of simulation in health professional education has
increased rapidly over the past 2 decades [2]. The current
range of simulation in this field consists of written
simulations, three-dimensional models, screen-based
simulators, standardized patients (SP), intermediate fidelity
patient simulators, and interactive patient simulators (Table
1)[3].
In the current health education system, the demand for
clinical placements is increased, while there is a global social
need for higher quality healthcare services with shorter
hospital stays [4]. In addition, in Japan, clinical practicum
hours have been decreasing remarkably in the recent nursing
education curriculum, as students spend more time in
theoretical classroom learning. Thus, nursing students have
less chance to be involved in patient care and reduced
opportunities to deal with practice situations [4]. This may
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lead to decreased clinical competencies in nursing school
graduates [5]. Hence, there has been a need to reproduce the
experience by some other means. Indeed, the Japanese
Ministry of Health, Labour and Welfare encouraged trainees
to complement skills that could not be experienced during a
practicum using simulation-based learning.
Reflecting a global trend of accelerating use of
simulation in nursing education, the simulation-based
education in our country seems to be spreading recently.
However, a limited number of studies going through this
situation has been published in Japanese, and there have been
none in English. In this study, we endeavored to ascertain
how simulation has been adopted in nursing education in
Japan, reviewing Japanese articles in this field.
II.

METHODS

A. Literature Search Strategies
The research question that informed the search was ‘How
has simulation been used in nursing education in Japan?’
Boolean operators of AND & OR were used in the search. A
Japanese electronic database, Nippon Igaku Chuo Zasshi
(Japana Centra Revuo Medicina), was searched for peerreviewed research studies in the Japanese language published
between the years of 1986 and December 2016, focusing on
simulation and/or simulator use in nursing education. The
search terms used to discover the literature were: Simulation;
Simulators; Nursing; Education; Skills.
B. Inclusion and Exclusion Criteria
Studies were selected if they described an impact of
simulation-based learning in nursing undergraduate
education. Excluded studies were literature reviews, those
reviewing learning theory, qualitative reviews of student or
faculty experience, and those targeting simulation education
for qualified staff.
C. Literature review and analysis
The searches identified a total of 86 articles on simulationbased undergraduate nursing education during the period.
Articles were grouped based on the major and subspecialties of nursing science, types of simulation, and
subjects who were the targets of simulation training. The
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major specialties included basic (fundamental nursing skills),
communities/public, geriatric, medical-surgical, midwifery,
pediatric, and psychiatric and mental health nursing, and the
subspecialties of cardiac, critical care, disaster, emergency,
home, informatics, management, oncology, orthopedic,
perioperative, and wound, ostomy and continence (WOCN)
nursing, in addition to major categories. Studies dealing with
general subjects of major specialties were sub-classified into
the category designated as being as the same as the major
one (Table 2).
III.

B. Spcialities in Simulation-based Nurse Education
Simulation was applied predominantly to basic and
medical-surgical nursing areas; the proportion of the basic
nursing was 57%, and that of medical-surgical nursing 22%
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Figure 1. Annual Change in the Number of Articles Reporting SimulationBased Undergraduate Nursing Education in Japan

(Fig. 2). Among the subspecialties, simulation was primarily
used to learn basic nursing science (Fig. 3).
C. Training Subjects Intended in Simulation-based
Nursing Education
Simulation was mainly implemented to educate trainees
in physical assessment, fundamental skills, injection, and
perioperative care (Fig. 4). The subject “injection” mostly
included venipuncture.

2

0

0

1

0

0

0

3

0
1
0
2
2

0
0
0
0
0

0
0
1
0
0

1
1
0
0
10

3
0
0
0
0

0
0
0
0
0

0
0
0
0
0

4
2
1
2
12

0

0

0

0

0

0

3

3

0
49

0
4

1
3

1
19

0
4

0
4

0
3

2
86

ISBN: 978-1-61208-540-1

Basic
Geriatric
Midwifery
Psychiatric and mental health

Communities/public
Medical-surgical
Pediatric

Figure 2. Major Specialties in Simulation-based Nurse Learning
Basic
Perioperative
Emergency
Management
Midwifery
Psychiatric and mental health
WOCN

Major spcialities
Psychiatric
Communities/
MedicalTotal
Geriatric
Midwifery Pediatric and mental
public
surgical
health
0
0
2
0
2
0
33
0
0
0
0
0
0
1
0
0
2
0
0
0
2
0
0
0
0
0
0
2
0
0
1
1
0
0
8
1
0
0
0
0
0
1
1
0
0
0
0
0
1
2
0
0
0
0
0
2
0
1
0
0
2
0
7

Copyright (c) IARIA, 2017.

12

Medical-surgical

TABLE II. NUMBER OF ARTICLES CLASSIFIED BY MAJOR AND
SUB- SPECIALITIES

Basic
Cardiac
Critical care
Disaster
Emergency
Geriatric
Home
Informatics
Management
MedicalSubspecialities
surgical
Midwifery
Oncology
Orthopedic
Pediatric
Perioperative
Psychiatric
and mental
health
WOCN
Total

14

RESULTS

A. Annual Change in the Number of Articles on
Simulation-based Undergraduate Nursing Education in
Japan
The first report on simulation-based learning for nursing
students appeared in 1987. Since 1999, the articles on
simulation-based education for undergraduate nursing
students have been consistently published, around 5 articles
per year on average (Fig. 1).
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TABLE I. PROPOSED TYPOLOGY OF SIMULATION
METHODOLOGIES BY ALINIER [3]
Simulation Techniques
Examples
Written simulations
Pen and paper simulations, or “Patient
Management Problems”, and latent
images
3-D models
Basic mannequins, low fidelity
simulation models, or part-task
simulators
Screen-based simulators
Computer simulation, simulation
software, videos, DVDs, or Virtual
Reality and surgical simulators
Standardized patients
Real or simulated patients, role playing
Intermediate fidelity patient
Computer controlled, programmable full
simulators
body size patient simulation not fully
interactive
Interactive patient simulators
High fidelity simulation platforms
or computer controlled model
driven patient simulators
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Injection
Perioperative care
Safety measures
Communication
Cardiopulmonary resuscitation
Perinatal management
Nursing diagnosis
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Stoma care
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Accident prevention
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Figure 4. Training Subjects in Simulation-based Nursing Education

In the subspeciality “basic nursing”, which comprised the
main part of the simulation-based education (Fig. 3), the
major training subjects consisted of injection, fundamental
skills, physical assessment, and communication (21, 19, 12,
and 9%, respectively).
D. Types of Simulation in Undergraduate Nursing
Education
Forty-one percent of the simulation-based learning was
conducted using 3-D-models (Fig. 5), to teach infection
management and cardiopulmonary resuscitation (CPR) (Fig.
6). SP were used in communication and fundamental skills
education (Fig. 6). Intermediate and high fidelity patient
simulators were applied to learn physical assessment,
fundamental skills, and perioperative care education, only in
rare cases (Fig. 6). Articles targeting education with these
sophisticated simulators first emerged in 2003, and have
been consistently produced since 2010 (Fig. 7).
IV.

DISCUSSION

To our knowledge, this is a first literature review in
English reporting the simulation-based learning for
undergraduate nurses in Japan.
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Figure 5. Types of Simulation
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Since 2003, the number of articles in this field has
started increasing, possibly highlighted and promoted by
four governmental bulletins. The Japanese Ministry of
Education released a report on the university/college
education for practical nursing skills in 2002, and one on the
attainment target for this education in 2004. In 2003, the
Japanese Ministry of Health, Labour, and Welfare also
issued a report on the desired skill education for
undergraduate nursing students, and one on education in
practical nursing skills for novice nurses. These noted that
nursing students have fewer chances to be involved in
patient care, and to deal with practice situations, because of
a socioeconomic need for shorter hospital stays, and
consideration of the human rights of patients, and medical
safety measures. The bulletin in 2003 suggested applying
role-playing to practical training within the campus, which
may have pioneered simulation-based nursing education in
Japan. Indeed, SD was one of the major issues in the articles
published (Fig. 5), and these studies came out consistently
(Fig. 7).
This literature review revealed that 3-D models,
including basic mannequins, low fidelity simulation models,
or task trainers were prevalently used in pre-licensure
nursing education in Japan, when teaching physical
assessment, general fundamental skills, injection, or CPR.
This observation, although literature based, is in line with an
actual survey by Kuroda et al [7], showing that 61.2 % and
69.3 % of nursing schools possessed task trainers and low
fidelity simulators, respectively.
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A report reconsidering the teaching contents and methods
in the undergraduate nursing education released by the
Japanese Ministry of Health, Labour, and Welfare in 2012
advised that skills, which could not be experienced during
the practicum training, should be complemented by
simulation, and even referred to introducing more
sophisticated simulators, which may have brought about
emergence of the articles addressing intermediate and high
fidelity simulators (Fig. 7). Multiple studies confirmed that
high fidelity simulation benefited nursing students in terms
of knowledge acquisition and critical thinking, and created a
learning environment that contributed to greater knowledge,
skills, safety, and student confidence [7]. These devices,
however, have not been sufficiently distributed in our
country, to date; the ownership ratio of intermediate fidelity
simulators for physical assessment, that for critical care, and
high fidelity ones for the nursing schools were reportedly
45.2-71.0, 86.5, and 24.2%, respectively [6].
The limitation of this study is that the data are based on a
literature review, rather than on an actual condition survey.
Furthermore, investigations to elucidate the history and the
current status of this subject should be required, and
published in English.
We conclude that, in Japan, much more importance
should be attached to simulation-based undergraduate
nursing education as a teaching methodology, as well as a
research field. The optimal socioeconomic environment to
introduce sophisticated patient simulators must be prepared
by the government.
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Abstract—This study assessed the effects of a blended learning
system—combining e-learning with simulation training—on
improving the physical assessment ability of nursing students
in Japan. Specifically, we evaluated how e-learning improved
physical assessment knowledge and its application in
simulation training. We also reviewed their evaluations of the
blended learning system, comprising e-learning and simulation
training, after they experienced the system and the influence of
blended learning on their desire to learn. We used an
interventional study design with a questionnaire survey. The
results indicated that e-learning improved participants’ ability
of checking vital signs and information gathering skills.
However, e-learning as regards conducting auscultation, and
palpation showed no significant learning effects and simulation
training helped to do auscultation and palpation. Additionally,
e-learning helped participants recognize the relevance of
learning content to their professional practice. In conclusion,
using e-learning to study some physical assessment skills was
effective and it’s necessary to combine e-learning and
simulation to improve physical assessment ability as blended
learning.
Keywords-e-learning; nursing students; physical assessment;
nurse education.

I.

INTRODUCTION

Nurses are increasingly expected to obtain skills related to
grasping their patients’ situations, particularly the ability to
provide advanced and accurate physical assessments [1].
Thus, nurses must begin physical assessment training that is
suitably adapted to clinical practice (e.g., simulation
education) as early as possible, ideally in their basic nursing
education. As physical assessment relies on nurses
appropriately integrating knowledge and technique, such as
conducting an accurate physical examination and judging a
situation based on available information, learning to perform
it is challenging [2]. Optimal methods for teaching
integrative content to large groups of people thereby need to
be examined to improve physical assessment education.
One potentially effective method of ensuring optimal
learning for each individual in group learning situations is elearning. In the context of continuing education for
physicians, e-learning has been demonstrated to be as
effective as conventional teacher-led education [3]. In other
words, e-learning appears to be an effective method of
instruction, as it does not limit the learning environment or
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time for learning, at least for knowledge-level content. In
recent years, the breadth of the utilization of e-learning in
medical education has been expanding, marking a shift from
mere passive knowledge transmission to active, selfmotivated learning [4]. Indeed, self-motivated learning using
e-learning tools has become a critical feature of nursing
education. Hence, learning that effectively utilizes ICT needs
to be implemented from early on in nurses’ education.
Current students receiving basic nursing education are
known as “digital natives”; they are from a generation for
whom the Internet has existed since birth [5], indicating that
their information literacy is higher than that of past
generations. Thus, they have a high likelihood of readily
taking to e-learning methods in their education.
Although e-learning affords numerous benefits to
learners, it also presents a number of challenges. First, elearning relies on learners’ ability to self-manage their
learning process, and second, e-learning methods must
possess features that help maintain the desire to learn [6]. For
example, massive open online courses (MOOCs) [7] can
theoretically provide instruction to an extremely large
number of participants, but they do not allow learners to selfmanage their learning, and students tend to drop out of these
programs owing to diminished motivation to learn. One
strategy that has been proposed to resolve these problems in
MOOCs is “blended learning,” which combines face-to-face
and e-learning methods. We thus hypothesize that such
blended learning training may help overcome the challenges
of e-learning. This study aimed to investigate the effects and
influence on motivation of a blended learning system to
improve physical assessment ability. The remainder of this
paper is organized as follows. Section II presents the
methods. Section III provides an overview of our results.
Section IV discusses implications and limitations. Finally,
conclusions and future work are detailed in Section V.
II.

METHODS

A. Participants and Data Collection Methods
Of the 82 junior nursing students who had already
completed physical assessment training at A university, we
recruited the 34 students who consented to participate (33
females and 1 male aged 20 to 22 years). A preliminary
testing of the participants’ computer literacy revealed that
they were able to connect to the Internet and could
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effectively use mobile devices (e.g., laptop, smartphones),
but had not had previous e-learning experience.
Additionally, they either did not have any experience with
simulation training or had undergone it once or twice. Data
collection was conducted through objective assessment (i.e.,
correct answer rate on an e-learning test, and a checklist
evaluating simulation results) and subjective evaluation of
the e-learning experience (questionnaire). The investigation
period was from September to October 2012.

respiratory rate was used. During the simulation, learning
achievement was evaluated using the simulation checklist
mentioned previously. In the medical interview, the
patient’s vocal responses were produced by an instructor
with a microphone.

B. Design of the Physical Assessment Training Using Elearning and Simulation
1) Learning Objective
The learning objective of the physical assessment training
was “able to visit the patient’s bedside and comprehend
their condition.” Accordingly, we created a checklist of the
skills that participants should be able to perform at the end
of the training, including visual inspection, performing a
medical interview, measurement of vital signs, and
performing auscultation and palpation. We created a
simulation scenario wherein they carried out a physical
assessment of a breast cancer patient during chemotherapy.
This blended learning was designed to create suitable
educational materials to help nursing students learn realworld clinical situations, by using stories to help them better
anticipate the realities of clinical practice. The characteristic
points of the materials were the use of Japan’s national
nursing examination, modified using scenarios and actual
clinical cases, and story-type e-learning that included
learning opportunities for assessments, clinical thinking,
patient safety, and communication.
2) E-learning Design
An open-source learning management system, Moodle
[8], was used to design the e-learning system. Specifically,
the e-learning system presented patients on a screen, on
which participants were supposed to perform a physical
assessment using the displayed data (Fig 1). The system also
included a test on content related to physical assessment.
The test was conducted before the simulation training to
confirm if the participants possessed the knowledge
necessary to take part in the simulation. As in previous
research [9], the structure of the e-learning system involved
solving test problems within the same account as the
simulation, thus serving as an introduction to the simulation.
The e-learning covered the period of the student’s entry to
the hospital room, conduct of the physical assessment, and
exit from the room. It was configured such that participants
answered 14 multiple choice questions and 2 short-answer
questions, for a total of 16 questions.
3) Simulation Design
The simulation was conducted in a simulated hospital
room (Fig 2). An advanced simulator that enables the
measurement of patients’ blood pressure, pulse, and
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Figure 1. Flow of e-learning

C. Questionnaire Creation
The questionnaire assessed participants’ opinions of the
e-learning system (including amount of learning material,
difficulty of questions, visibility, and ease of operation) and
its effect on their desire to learn using a five-point Likert
scale (extremely dissatisfied, slightly unsatisfied, neither
satisfied nor dissatisfied, slightly satisfied, and extremely
satisfied) and a free-comment section.
Desire to learn and the influencing factors for the
successful implementation of learning were assessed using
the four-subscale Instructional Materials Motivation Survey
(IMMS), which was created based on the ARCS model [10].
This model contains four components: attention, relevance,
confidence, and satisfaction. The IMMS, comprising 36
items, was designed to measure individuals’ reactions to
self-driven teaching materials, such as e-learning. A fivepoint Likert scale was used to rate each item, with higher
scores indicating a more positive opinion. The IMMS
includes items expressed negatively, which are reverse
scored. In other words, before adding these answers to the
total score, items given a rating of 5 were converted to have
a rating of 1, with 4 being converted to 2, 3 remaining the
same, 2 to 4, and 1 to 5.
After completing the entire training sequence, participants
who gave their consent were interviewed to explore their
thoughts on the e-learning and simulation, and to determine
the influence of the simulation training on learning
effectiveness and desire to learn.
D. Statistical evaluation
For the e-learning, test scores, times, and times of
simulation are expressed as means ± standard deviations. For
the questionnaire, scores are expressed as means and median
values (quartile range). The free-response descriptions were
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listed as written by participants. All statistical analyses were
performed using IBM SPSS Statistics 22 (IBM Corp.,
Armonk, NY). A significance level of 5% was used in the
analysis.
E. Ethical Considerations
This study was conducted with the approval of the
medical ethics committees of Nagoya University, Japan; the
survey was approved in June 2013 (No. 2013-0049).

Figure 2. Simulated hospital room: The instructor watches participants’
performance via video to ensure a safe learning environment.

III.

RESULTS

A. Research Participation
Of the participants, 34 finished the e-learning and
simulation, whereas 25 completed the questionnaire.
Interview data were obtained from four participants; most of
the participants had to attend clinical training.
B. E-learning
The correct answer rate on the test was 91.1% ± 8.5%:
that for the measuring site of temperature and pulse, and the
side effect of chemotherapy were for each 73.8%, 68.5%,
73.8%, less than 75%. Regarding the time taken to complete
the test, the participants had a mean time of 21 min 49 s ± 9
min 15.
C. Simulation
According to the checklist analysis results, all 25
participants were able to greet the patient upon entering
room; measure the patient’s pulse, blood pressure,
respiratory rate, and temperature, and then interpret the
measured values; and exit the room after a polite goodbye.
Confirmation of food intake, sleeping condition, excretion
condition, and side effect of chemotherapy was carried out
by 28, 21, 25, and 30 individuals, respectively; only two
participants used information obtained from touching, such
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as auscultation and palpation. The mean completion time of
the simulation was 10 min 32 s ± 2 min 12. After the
feedback about simulation from the instructor, all
participants understand the needs of auscultation and
palpation and tried to examine by auscultation and palpation
once again.
D. Questionnaire and Interview Results
1) Evaluation of E-learning and Simulation
The results of the questionnaire assessing the e-learning
characteristics are shown in Table 1. The participants chose
item 3 in the scale as their response for all of the
questionnaire items. From the free-response answers, one
participant reported that the number of questions and
difficulty of the e-learning was “exactly the right number
and difficulty.” Another reported that it was “a little too
much to do in my spare time.” Regarding visibility and
operability, which had the most free-response answers,
participants listed various concrete problems, such as
“difficult to see,” “difficult to use on a cellphone,” “froze
mid-answer,” and “difficult to enter sentences on a smart
phone.”
According to the interviews, participants reported the
following on the simulation: “It was interesting, so I would
like to use this method in classes as well”; “Because it was
done in the e-learning, I could imagine it”; and “Because I
knew what was going to be implemented beforehand [owing
to the e-learning], I was able to do it.” One participant
reported, “Although I understood the content, I became
nervous and forgot it [during the simulation].” Additionally,
participants reported contrasting views, such as “I was able
to reconfirm my knowledge with the test” and “It was
unnecessary because I was able to understand from the
feedback during the simulation.”
TABLE I. THE RESULTS OF THE QUESTIONNAIRE ASSESSING
THE E-LEARNING CHARACTERISTICS
Contents
Number of questions
Time taken
Difficulty
Readability
Character size
Screen design
Operability

Mean, Median; Quartile range
2.9, 3; 3-3
2.9, 3; 3-3
2.8, 3; 3-3
3.3, 3; 3-4
3.4, 3; 3-4
3.7, 3; 3-3
3.0, 3; 3-3

2) Influence on Desire to Learn
Table 2 shows an IMMS item. Items 1 “When I first
looked at this lesson, I had the impression that it would be
easy for me” and 9 “There were stories, pictures, or
examples that showed me how this material could be
important to some people” (included in the Confidence and
Relevance subscale), had a low median (3 points).
According to the free-response answers, a number of
participants expressed wanting more developmental content
included in the e-learning. The participants’ comments
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TABLE II. THE RESULTS OF INSTRUCTIONAL MATERIALS MOTIVATION
SURVEY

Items

2

8
11

12
15
17
20
22

24

28

29
31

6

9

10
16

18

23

26

Contents

ARCS

There was something
interesting at the beginning
of this lesson that got my
attention.
These materials are eyecatching.
The quality of the writing
helped to hold my
attention.
This lesson is so abstract
that it was hard to keep my
attention on it.
The pages of this lesson
look dry and unappealing.
The way the information is
arranged on the pages
helped keep my attention.
This lesson has things that
stimulated my curiosity.
The amount of repetition in
this lesson caused me to
get bored sometimes.
I learned some things that
were surprising or
unexpected.
The variety of reading
passages, exercises,
illustrations, etc., helped
keep my attention on the
lesson.
The style of writing is
boring.
There are so many words
on each page that it is
irritating.
It is clear to me how the
content of this material is
related to things I already
know.
There were stories,
pictures, or examples that
showed me how this
material could be
important to some people.
Completing this lesson
successfully was important
to me.
The content of this material
is relevant to my interests.
There are explanations or
examples of how people
use the knowledge in this
lesson.
The content and style of
writing in this lesson
convey the impression that
its content is worth
knowing.
This lesson was not
relevant to my needs
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re
ve
rse

Items

Mean,
Median;
Quartile

A

3.5, 4; 4-4

30

A

3.7, 3; 3-5

33

A

3.5, 3; 3-4

1

A

○

4.2, 4; 4-5

A

○

4.5, 5; 5-5

A

3.7, 3; 3-4

A

4.1, 4; 4-5

A

○

4.1, 4; 4-5

A

3.6, 4; 4-4

A

3.6, 4; 4-4

3

4

7

13
19

25
A

○

4.1, 4; 4-5

A

○

4.4, 5; 5-5

R

3.9, 4; 4-4

R

2.9, 3; 3-3

R

4.3, 4; 4-5

R

4.0, 4; 4-4

R

4.1, 4; 4-5

R

3.6, 4; 4-4

34

35

5

14

21

27

32
36
R

○

Contents
because I already knew
most of it.
I could relate the content of
this lesson to things I have
seen, done, or thought
about in my own life.
The content of this lesson
will be useful to me.
When I first looked at this
lesson, I had the
impression that it would be
easy for me.
This material was more
difficult to understand than
I would like for it to be.
After reading the
introductory information, I
felt confident that I knew
what I was supposed to
learn from this lesson.
Many of the pages had so
much information that it
was hard to pick out and
remember the important
points.
As I worked on this lesson,
I was confident that I could
learn the content.
The exercises in this lesson
were too difficult.
After working on this
lesson for awhile, I was
confident that I would be
able to pass a test on it.
I could not really
understand quite a bit of
the material in this lesson.
The good organization of
the content helped me be
confident that I would
learn this material.
Completing the exercises
in this lesson gave me a
satisfying feeling of
accomplish¬ment.
I enjoyed this lesson so
much that I would like to
know more about this
topic.
I really enjoyed studying
this lesson.
The wording of feedback
after the exercises, or of
other comments in this
lesson, helped me feel
rewarded for my effort.
It felt good to successfully
complete this lesson.
It was a pleasure to work
on such a well-designed
lesson.

ARCS

re
ve
rse

Mean,
Median;
Quartile

R

4.1, 4; 4-5

R

4.6, 5; 5-5

C

2.8, 3; 3-3

C

○

C

C

3.4, 3; 3-4

○

C
C

4.1, 4; 4-5

3.3, 3; 3-4
○

C

C

4.1, 4; 4-5

3.3, 3; 3-4

3.3, 3; 3-4

○

C

4.6, 5; 5-5

4.0, 4; 4-4

S

4.0, 4; 4-4

S

3.8, 4; 4-4

S

3.9, 4; 4-4

S

3.9, 4; 4-4

S
S

○

4.0, 4; 4-4
4.1, 4; 4-5

4.2, 4; 4-5
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suggested a desire to use the e-learning system in the future,
such as “In practice, I felt like I would be able to use it”; “I
want to do normal exercises as well as e-learning and
simulation”; and “As long as you know how it works, I
think you could practice simulation similar to this with a
classmate.”
IV.

DISCUSSION

A. Effects of Blended Learning
Although simulation is an effective learning method and
typically provides a greater sense of understanding, it often
causes students to experience significant mental strain, thus
making them require learning support. We developed a presimulation e-learning system to provide such support. The
results showed that, after using the e-learning system, all of
the participants performed the greeting, vitals measurement,
and complete physical assessment based on the gathered
measurements, even if it was their first experience with the
simulation. This success can be attributed to participants’
completion of the skill building and mock training exercises
via e-learning system before the simulation. In other words,
the e-learning program enabled them to imagine the content
of the simulation and thus integrate relevant knowledge and
skills into their simulation experience.
However, participants did not completely learn to
perform auscultation and palpation, according to
information obtained from medical interviews [11].
Therefore, the e-learning items related to this content may
need to be modified. Specifically, the e-learning system can
be modified such that, when repeatedly used, items that
have been completely learned are excluded, thereby
enabling users to focus on items that were not completely
learned. Such a modification would allow for the delivery of
deliberate and effective training aligned with the learning
objectives of nurse education, referred to as deliberate
practice [12][13].
Learning self-management has been identified as a key
factor for continued education via e-learning [6]. To succeed
in remote self-learning, participants may need to receive
adequate explanation on the necessity of post-training tests
in acquiring knowledge related to medical interviews,
auscultation, and palpation, which were areas that remained
challenging after the simulation training.
B. Effects of E-learning and Training on Motivation to
Learn
The ARCS model is a method of organizing the factors
that influence motivation to learn [14], described by Suzuki
as follows: “A) First, attention is captured. ‘This looks
interesting—there’s something to this.’ R) Next, one
realizes the relationship to themselves; knowing the learning
task and realizing that ‘it looks rewarding and it is related to
my values.’ Not only is the future value of the task
significant, but also enjoying the learning process is valued.

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

However, even if one finds significance in their learning,
one can lose motivation when one recognizes that there is
low possibility to accomplish the learning goal. C) On the
contrary, if one has successful experiences in the first
learning stages and can associate the experience with the
endeavor, leading to the perception that ‘I can manage it,’
confidence is facilitated. S) If one can feel fulfillment after
looking back on the learning process and its
accomplishment, it then leads to motivation to learn.” In the
present study, the participants recognized e-learning as
“having an important relationship to themselves,” and they
utilized this recognition as motivation to learn. To improve
learners’ confidence, we propose the following strategies: 1)
Share evaluation criteria and allow learners to tackle tasks
with a prediction of their possibility for success in mind; 2)
adjust the difficulty of the system so that they can have a
meaningful and successful experience; and 3) provide
opportunities and feedback that regulate learning, thus
encouraging them to be aware that they can achieve their
goal by themselves [15]. A number of participants
commented that the training could feasibly be implemented
as peer training and skill review. Repetitive practice through
sharing stories with peers and skill review has been shown
to help learners acquire self-confidence [16]. Further
consideration of task difficulty will also facilitate
continuous learning in this context.
C. Determinants of Successful E-learning
As described above, e-learning relies on independent
learning, which means that it has an inherent risk of dropout.
We thus set learning objectives to help foster learning
motivation and created teaching materials relevant to realworld clinical settings. In this study, the item “The content
of this lesson will be useful to me” was rated 4.6, 5; 5-5
point, indicating that blended learning sustained
participants’ motivation. Additionally, the item “I could not
really understand quite a bit of the material in this lesson”
was reverse scored, also totaling 4.6, 5; 5-5 point. The
difficulty of blended learning and acquisition of confidence
through simulation may be factors that influenced their
motivation. In this respect, the structure of the blended
learning needs to be improved such that it can help
participants gain confidence in their ability to perform the
learning exercises and promote their self-learning through
repetitive practice and detailed explanations for items
identified as their weakness.
Operability is another factor that may have influenced
participation. We expected this tendency in designing the
system, and had tested the teaching material on smartphones
prior to the survey. However, our interview results showed
that when smartphones were used, the participants reported
longer working time and poorer operability. This finding
coincides with previous reports that the physical
environment for online learning, such as Internet and
terminal devices, influences compliance with e-learning [17].
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For example, poor video teaching materials can reduce the
motivation to learn [18]. Future research is needed to
investigate additional factors related to operability, the
differential effects of computers and smartphones, and the
effects of the tendency to use smartphones for mobile
learning, which is common among nursing students.
Recently, an interactive digital simulator for problem
solving and clinical reasoning, both of which require
physical assessment skills, was developed in Europe [19].
The digital simulator was developed for medical students
and clinicians and uses virtual patients. Problem solving and
clinical reasoning are needed in clinical nursing practice
[20]. Future studies are needed to develop learning materials
for nurses to acquire these required competencies
immediately.
V. CONCLUSION
The results of the present study demonstrate that the elearning system we developed was partially effective for
improving physical assessment ability like checking vital
signs and information gathering skills. However, our results
show that e-learning is insufficient for augmenting the
ability of auscultation and palpation, suggesting that
teaching materials related to these skills must be improved
using simulation training. Additionally, e-learning helped
participants recognize the relevance of learning content to
their professional practice. In conclusion, it’s necessary to
combine e-learning and simulation to improve physical
assessment ability as blended learning.
The advancement of remote education provides students
with the opportunity to learn anywhere as opposed to
strictly in classrooms. E-learning systems allow individuals
attempting to learn medical practice to learn effectively and
efficiently in their own environment. Thus, we aim to
continue improving the current e-learning system, by
making it more operable, to ensure that it sustains
motivation to learn, as such, encourages continuous learning.
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Abstract— In order to acquire clinical practice capability such
as nursing, such a learning is required that assumes a situation
similar to clinical setting. Therefore, simulation education has
been increasingly performed by using simulator and simulated
patients. Even though highly functional simulator is capable of
displaying changes of vital signs on a monitor, any educational
device to measure biological information, such as bloodpressure manometer, thermometer and pulse oximeter, has not
been developed yet. As educational medical equipment capable
of intentionally displaying abnormal value has been developed
in the study, we would like to introduce the equipment.

In our university, a skill test of vital signs measurement
for their first year and the situation-based training is
performed for their second year for patient assessment using
simulated patient prior to clinical training. Visiting
simulated patients to measure their vital signs by using the
skill learned in the first year, conditions of patients are
assessed in the training adding information obtained through
conversation with the patients. In their third year, students
acquire an observation skill in the area of adult nursing
science for general condition of patients including their vital
signs after gastrectomy.
In a conventional situation-based training, our university
contrived to present automatic slide show in Power Point for
reproducing fluctuation in addition to display of a card with
written numerical values and verbal suggestion by teachers
(Figure1). However, these efforts had problems to

Keywords-simulation; Physical
Patient; Clinical reasoning.

I.

Assessment;

Simulated

INTRODUCTION

We developed the equipment which could display an
abnormal value intentionally to practice measurement of
vital signs, we would like to report on the results.
Along with a rapid progress of low birth rate and an aging
population as well as advanced medical treatment in Japan,
scope and opportunities for nursing students to practice
nursing techniques by internship at hospital tend to be
limited due to people’s enhanced consciousness for medical
care safety [1]. Amid such situation, a nursing education
based on simulation equipment is going to be disseminated
widely that allows students to repeatedly experience various
practical scenes without impairing patients’ safety and
provides learner-oriented education, and the equipment has
been introduced to our university [2].
In section 2, we reported simulation in the nursing
education, and the problem. In section 3, we explained
equipment for the education that we developed.
II.

SIMULATION EDUCATION IMPLEMENTED IN OUR
UNIVERSITY, AND THE PROBLEM

There are three types of trainings conducted in the
simulation education, i.e., task training for acquiring
techniques, algorithm training like learning of Basic Life
Support, and situation-based training in which various
clinical situations are reproduced [3].

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

Figure 1. Blood-pressure manometer, thermometer and pulse
oximeter, which we put paper on to reproduce an abnormal value.

discourage students’ concentration and suspend actions due
to the situation different from reality.
Education with a highly functional simulator capable of
controlling vital signs, breath sound and heart sound by a
computer has been practiced in areas such as intensive care
[3] and operation room [4].
In addition, simulated patients who have been trained to
play patient-specific sentiment and personality not only for
clinical history and physical findings as much as possible
have been widely used for medical staff education in
addition to co-medical students [3]. The highly functional
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simulator is unable to make conversation, however, it is said
to have limitation to improve communication capability
since a person speaks through a microphone in case of a
scenario that requires conversation [5]. Further, since
normal values are displayed when vital signs are measured
because simulated patients are healthy people it is required
to show abnormal values with a card [6] or verbally at a
designated timing [2].
The problem in such setting is that nursing in a course of
natural flow cannot be reproduced.
III.

DEVELOPMENT OF EDUCATIONAL VITAL SIGN
MEASURING EQUIPMENT

The equipment newly developed this time is possible not
only to set up numerical values arbitrarily but also to add
and subtract any numerical value from setup value in order
to express fluctuation of vital signs (Figure 2). It works in
such a way that a value near to setup value is displayed for
each measuring by reducing the range of the addition and
subtraction and normal value or abnormal value is displayed
by increasing the range.

to be taken for the scenario depending on the purpose of
simulation education.
Even though the procedures mentioned above are
performed of course by examination on paper-patient or
presentation by a card, it is possible to reproduce
circumstance more similar to clinical front by measuring
vital signs while making conversation with simulated
patient. As it is also possible to set up values to be displayed
and time in a more detailed manner depending on contents
of the scenario of simulation education, readiness of
students and capability of teachers, we believe it is useful.
Further, the equipment is capable of sending setup data to a
server by wireless. It is not required to set up each device
since subsequently multiple devices such as blood-pressure
manometer, thermometer and pulse oximeter may
respectively access to a parameter setting server by an
interval of three seconds during waiting. It becomes also
possible to perform simulation with the same content in
multiple booths at the same time.
We believe it is useful because it results in saving the
effort of a person in charge of training preparation. Even
though it is only at prototype stage as of now, we hear such
impressions from teachers who have practiced the
simulation education at our university that they are
interested and want to use it.
In the future, we have planned to clarify the educational
effect of the newly developed equipment for students by
comparing simulation education using the new equipment
with conventional method.
IV.

CONCLUSION

The equipment we developed strengthens the student's
clinical practice ability. Our problem is downsizing.
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Abstract— Students in medical and nursing schools must
practice auscultation. Students usually learn disease sounds,
correct points and order for locating a stethoscope on a body in
the practice. Humanoid-type simulators have been widely
introduced to practice auscultation. However, most humanoidtype simulators cannot detect whether a stethoscope is located
on a body, and on which part of body a stethoscope is placed.
Since they are too expensive, the number of them is not enough
for the number of students in a class. We developed a low-cost
and high performance system for the practice of auscultation.
In this system, students themselves play the role of a patient,
instead of a humanoid, and stethoscope locations on the body
are measured with KINECT. Also, appropriate disease sounds
including normal ones can be assigned at some points on the
upper body. Students listen for such sounds, synchronized with
breathing movements, through an earphone or speaker when a
stethoscope is placed on assigned points. We plan to conduct a
demonstration in which participants will practice auscultation
with the system after it is explained to them.

simulator can both show correct locations on a body and
detect whether a stethoscope is placed on correct points
without patches regardless of the change in body size.
In addition, most existing simulators cannot simulate the
timing of breathing or the synchronized forward and
backward movements of the upper body. However, our
simulator can detect these forward and backward movements
of the front body and provide expiration and inspiration
sounds synchronized with those movements.
We have developed a prototype system and evaluated it
experimentally. The results showed that our system could
detect stethoscope placement on a body. Also, our system
could detect changes of the front body in breathing.
Moreover, we found that all students could set up our
system by themselves. The results of a questionnaire for
nursing students and practicing nurses showed that our
proposed system was useful for them to learn auscultation.
We plan to conduct a demonstration in which participants
will practice auscultation with the system after it is explained
to them.

Keywords-simulator;
demonstration.

auscultation;

physical

assessment;

II.
I.

INTRODUCTION

Generally, practicing auscultation is a required subject
for students in medical and nursing schools. Students usually
learn disease sounds, correct points and order for locating a
stethoscope on the body in the practice. We proposed a new
auscultation practice system to learn auscultation techniques
effectively [1]. Humanoid-type simulators [2][3][4] have
been widely introduced into medical and nursing schools.
These humanoid-type simulators are effective to learn
disease sounds. However, it is impossible to detect whether a
stethoscope is actually placed correctly on a mannequin.
Moreover, correct locations vary among patients according
to their body size. Cardionics provides a hybrid simulator in
which a student plays the role of a patient instead of a
mannequin to solve such problems [5]. In this hybrid
simulator, patches are attached on a body to identify correct
attachment points.
In our simulator, students themselves are the practice
subjects instead of a humanoid model, and the location of a
stethoscope can be detected with KINECT, which is a line of
motion sensing input devices made by Microsoft [6]. The
correct locations are normalized with respect to the positions
of both shoulder joints and both hip joints for each student
playing the role of a patient. Therefore, our proposed
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SYSTEM CONFIGURATION

As a matter of course, the introduction cost is adequate
for the number of students in a nursing school. Among the
nursing skills that students have to learn are the recognition
of different sounds between different kinds of diseases and
the knowledge about placing correct points and order for
locating a stethoscope on a body. In the case of respiratory
auscultation, students have to listen to respiratory sounds for
more than one cycle. Therefore, an auscultation practice
system requires the following issues:
·
Low cost.
·
Simulating real sounds produced due to certain
diseases at different points on the body.
·
Display correct points for locating a stethoscope.
·
Determining whether a stethoscope is located at
specified points.
·
Determining whether a stethoscope remains on a
body for more than one respiratory cycle.
Our practice system is only composed of a PC and a
KINECT device, as shown in Fig. 1. Students, instead of
mannequins, act as patients to decrease system cost. The
stethoscope locations and forward and backward movement
of a body during breathing are measured with KINECT. The
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students can listen for sounds produced due to certain
diseases that are generated by the PC through earphones.
Therefore, a specific stethoscope and patches are not needed.
These also decrease system cost.

In this application, the upper body is divided to five
areas as shown in Fig. 3. Currently eight sounds are
provided. A teacher can assign a sound from the above eight
sounds to each divided area using the sound-assigning
program shown in Fig. 2 (1). Since respiratory sounds are
different for expiration and inspiration, an expiration-sound
file and inspiration-sound file are assigned for expiration
and inspiration using the sound-management program, as
shown in Fig. 2 (2).
When a stethoscope is placed on a body of a person
playing the role of patient, the area on which a stethoscope
is placed is colored to yellow, as shown in Fig. 3. Students
can listen for such sounds, synchronized with breathing
movements, through an earphone or speaker when a
stethoscope is placed on assigned points.

Figure 1. Terminal equipment in our proposed system

III.

APPLICATION

We developed a simple application for a teacher to
explain practicing auscultation for the lungs:
- Sound assigning program: This program assigns a
sound to each area, dividing the upper body into five
areas. (See Fig. 2)
- Auscultation teaching program: This program detects
on which area a stethoscope should be placed, and it
replays a sound assigned to that area. (See Fig. 3)

Figure 3. Operation window of the auscultation teaching program

IV.

DEMONSTRATION PROGRAM

Since we would like many participants to experience
using our simulation system, we plan to demonstrate our
auscultation system by
(1) introducing the system configuration,
(2) showing how to set up the system,
(3) explaining how to operate the system,
(4) allowing participants to practice auscultation.
V.

(1)

Assigning sound

CONCLUSION

We believe that our proposed system is less expensive
and more useful for practicing auscultation than current
humanoid-type simulators. We plan to provide a trial
version of this system at no charge for medical and nursing
schools to experience our system.
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Abstract—There is a growing number of eHealth interventions
aiming at enhancing lifestyle to address obesity. However, the
existing interventions do not take the emotional aspects of
obesity into account. Forty percent of the overweight
population is an emotional eater. Emotional eaters gain weight
because of poor emotion regulation, not just due to bad eating
habits. We aim at developing a personalized virtual coach
‘Denk je zèlf!’ providing support for self-regulation of
emotions for young obese emotional eaters. This paper
presents an eCoaching model and a research study protocol
aiming at the validation of persuasive coaching strategies based
on behavior change techniques. Ultimately, we aim at
designing a personalized eCoaching framework, allowing us to
optimally translate successful behavior change mechanisms
and techniques, such as dialectical strategies, into personalized
persuasive coaching strategies.
Keywords-personalized virtual coach; obesity; emotional
eaters; persuasive technology; eHealth; mHealth; tailoring
messages; coaching strategies.

I.

INTRODUCTION

Obesity has become a major societal problem worldwide
[1]. The main reason for severe overweight is excessive
intake of energy, in relation to the individual needs of a
human body. Obesity is associated with poor eating habits
and/or a sedentary lifestyle. A significant part of the obese
population (40%) overeat due to negative emotions [2].
There is little attention to the personal needs of emotional
eaters when it comes to existing health interventions [3]-[5].
Current face-to-face treatments are focused on restructuring
cognitions and behavior. There is a need for selfmanagement support and personalized coaching to enhance
emotional eaters in recognising and self-regulating their
emotions [6][7].
II.

RELATED WORK

Virtual coaching systems form a broad and vivid research
area [8]-[11]. Since chatbot Eliza was invented by Joseph
Weizenbaum [12], many new studies have emerged. Over
the last years, virtual coaches have been developed for
behavior change support, healthy lifestyle, and physical
activity support [13]-[17]. Existing virtual coach applications
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lack systematic evaluation of coaching strategies and usually
function as (tele-)monitoring systems, limited to giving
general feedback to the user on achieved goals and/or
accomplished (online) assignments [18].
This paper presents an eCoaching model and the research
protocol and design rationale for evaluation of persuasive
coaching strategies for emotional eaters based on the
Dialectical Behavior Therapy and Persuasive System Design
model [19].
This research study is a continuation of the previous
study on the design and evaluation of a personalized virtual
coach for emotional eaters [7]. The long-term goal of the
virtual coach is to raise awareness of emotional eaters on
their own emotions, and to enhance a positive change of
attitude towards accepting the negative emotions they
experience.
In the next paragraphs in Section II, we first discuss the
theoretical underpinnings of dialectical behavior therapy,
persuasive coaching strategies and Ecological Momentary
Assessments. Next, we elaborate on the design rationale of a
personalized virtual coach. We then present the design of the
research protocol in Section III. We finish this paper in
Section IV with a discussion on the expected contributions of
this research study, conclusion, and future work.
A. Dialectical Strategies
Dialectical Behavior Therapy (DBT) focuses on getting
more control over one’s own emotions by reinforcing skills
in mindfulness, emotion regulation, and stress tolerance [37].
Emotion regulation is about recognizing and acknowledging
emotions and accepting the fact that they come and go. The
behavior change strategies within DBT are based on
validation and dialectics [20]. Dialectics changes the users’
attitude and behavior by creating incongruence between an
attitude and behavior since stimuli or the given information
contradict with each other. We believe that the integration of
the dialectical behavior change strategies and persuasive
features (PSD model) will enhance the personalization of the
virtual coach for emotional eaters.
Emotional eaters deal with an invalidating daily life
environment. DBT offers powerful “mechanisms of change”
with a well-balanced mix of being validated in their
perception of negative emotions and a confrontation
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(dialectical) with a practical focus on changing problem
behavior. Our eCoaching model translates these mechanisms
into persuasive dialogues and persuasive features.
Validation strategies suggest responding in an empathic
way, by hearing another person’s point of view and
accepting them (and their emotions) without judging.
Dialectical strategies focus on confronting the user with a
practical focus on changing problem behavior; the key is in
finding a balance between acceptance of strong feelings and
emotions and change by adapting feelings and emotions
using emotion regulation and interpersonal effectiveness.
B. Persuasive Technology
Persuasive Technology (PT) is a significant predictor for
adherence and offers strategies to reinforce the validation –
and dialectical strategies’ influence on attitudes and
behaviors. We believe that PT can assist emotional eaters in
attitude change and acceptance of their own emotions. It is
essential to identify the intended outcome or change of the
intervention, prior to determining the design principles and
coaching strategies that would positively contribute to the
persuasiveness in any way. We chose Persuasive Systems
Design (PSD) model [19] for translating behavior change
techniques from DBT into persuasive coaching strategies,
since PSD focuses on persuasion context and easily
implementable persuasive design features.
C. Ecological Momentary Assessments
Ecological Momentary Assessment (EMA) is applied to
systematically collect data about daily experience and
feelings of the users, as well as the context of use, for
instance, through a user-friendly smartphone application.
Experience sampling is widely used in daily psychiatry
practice [21]-[22], nowadays allowing to real-time measure
and record encountered feelings and emotions through
mHealth applications.
D. Design rationale for the personalized virtual coach
‘Denk je zèlf!’
The virtual coach ‘Denk je zèlf!’ (Dutch for ‘Develop a
wise mind and counsel yourself’) is an interactive and selflearning persuasive system that coaches in attitude and/or
long-term behavior change by providing real-time
personalized support [7]. Based on the context (e.g.,
location), emotional state of the user, and natural language
processing, the virtual coach application enables tailoring of
the real-time feedback to the individual user. The coach
application communicates with the user over a chat timeline
and provides personal feedback based on persuasive
coaching strategies, originated from validation and
dialectical strategies of DBT and persuasive features of the
Persuasive System Design model [19].
The open-source natural language parser, Alpino [23] is
self-learning, able to recognize and understand sentences that
contain emotional words or phrases. The emotion-labeled
words will be divided over the basic 6 emotions [24].
The virtual coach system consists of four educational
modules on intake and commitment, mindfulness, emotion
regulation and stress tolerance. The user is guided to set a
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personal profile, and set preferred moments for daily
reminders via a text message. Users are encouraged to keep
track of the moments they are experiencing cravings or
giving in to a binge, and what emotions they are
experiencing at those moments. The coaching system will be
designed for an Android smartphone platform.
III.

APPROACH AND METHODS

A. Research protocol
For the purpose of this two week field research study, we
design a mockup version of the virtual coach in order to
evaluate validating and dialectical strategies with the target
users.
This research study aims at answering the following
research questions: “Which coaching strategies do users with
a specific type of emotional eating behavior benefit most
from while consulting their personalized virtual coach?;
“Which coaching strategies are optimal for which
emotions?” and “Which coaching approach do users prefer
in which context, e.g., time of the day, before/after a
craving?”
B. Target group and participants
We focus on emotional eaters (N=30), age 18-45 years,
both women and men. Participants will be recruited via a
Dutch franchise organization of dietitian nutritionists, who
are specialized in treating emotional eating behaviors.
C. Procedures
First, a pilot study will be conducted with 2-3
participants to validate the study protocol and to test the
virtual coach prototype application. Participants are ensured
in the anonymity of their participation. Data collected during
this research study will be analyzed for research purposes
only. The data will be stored anonymously and safely on a
local server, using the encrypted secure network connection
(https) only the main researchers have access to.
D. Questionnaires and measures
Participants will be asked to fill out the demographics
data ((nick) name, age, gender, weight, length, place of
residence) and three questionnaires on eating behaviour,
personality and quality of life:
 the Dutch Eating Behavior Questionnaire
(DEBQ) [25]
 Five Factor Personality Inventory (FFPI) [26]
 Positive and Negative Affect Scales (PANAS)
[27].
E. Ecological Momentary Assessments
During the whole time span of the research study, namely
14 days, participants will be reminded by a text message
(SMS) on a daily basis to visit the mobile application and
answer two questions: “Did you have cravings / have a binge
today?’ and “How do you feel at the moment?” The answers
to these questions will allow us to find out what the optimal
coaching moments might be.
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F. Behavioral Chain Analysis
In the behavioral chain analysis (diary), participants will
be asked to fill in what happened before they gave in to a
binge, and which emotions/feelings they were experiencing.
G. Dialectical Dialogues
Participants will be presented with short dialogues
(validating or dialectical) and they will be asked to select the
ones they prefer, according to their (current) emotions. To
trigger a certain emotion (e.g., the affect that fits best with
the chosen coaching strategy), a set of pictures will be shown
to the user that evoke respectively sadness, anger, fear, and
disgust [28]. Then, a user will be asked to select one or more
emotions they are experiencing at the moment they saw the
picture(s). After that, dialogues that fit with the dominating
emotion, will be presented to the user. The questions in the
dialogues are labeled with one of the 4 basic negative
emotions (anger, sadness, fear, disgust) and the answers are
presented in accordance with one of the validating and/or
dialectical (dissonant) strategies.
H. Post-interviews
Participants will be invited to participate in a semistructured post-interview to discuss their experiences with
the presented dialogues and their motivation for picking
specific answers. Post-interviews will be audio recorded with
permission of participants.
IV.

DISCUSSION, CONCLUSION AND FUTURE WORK

This article presents the research study design to evaluate
and validate the coaching strategies that emotional eaters
prefer in a personalized virtual coach, based on their
emotional state and context. The potential contribution of
this research is divided into two fields.
First, a multidisciplinary holistic user centered design
approach provides valuable insights into preferred persuasive
coaching strategies of the target users for developing a
meaningful and persuasive virtual coaching system for selfmanaging emotions. One of the main goals of the
personalized virtual coach for emotional eaters is to raise
awareness of their own emotions and to enhance a positive
change of attitude towards accepting the negative emotions
they experience daily. Ultimately, enhancing emotion
regulation is expected to lead to a better weight management
of emotional eaters.
Second, it will gain more insights into applying the
behavior change techniques from health psychology and
persuasive technology for virtual coaching application. Next
step is to focus on developing virtual coaching systems that
actually coach the user by analyzing real-time behavior and
providing real-time personalized timely feedback based on
user profile, events and context. Coaching based applications
can provide self-management support for patients at times
when a therapist is not available, or in the case that the user
needs personalized anonymous support that is always within
reach, which is the case for emotional eaters who often
experience feelings of shame.
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To conclude, this study makes two main contributions:
(1) gaining more insights into: a) what coaching strategies
emotional eaters prefer; b) what triggers emotional eaters to
(over)eat and at what times of the day the craving usually
occur; c) emotional states at the moments of experiencing
food cravings and giving into binges, and (2) we aim at
developing a general personalized eCoaching framework,
enabling the optimal translation of successful behavior
change techniques, such as dialectical strategies, into
persuasive coaching strategies implementable for broader
target groups.
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Abstract—The shift toward prevention and self-management in
health hinges upon a massive realization of behavior change,
which involves the use of virtual coaches. Increasing availability
of data from mobile devices and techniques for real time analysis
provide new opportunities for personalizing virtual coaches. We
propose an architecture that takes advantage of those developments. We identify the required knowledge and methods to
develop a flexible ecosystem for rapid prototyping of personalized
virtual coaches.
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data science; model based software development.

I. I NTRODUCTION
Self-management is widely seen as a viable contribution
to sustainable health-care as it allows to prevent health problems. Virtual coaches are important means to support selfmanagement in order to maintain and increase health and wellbeing.
The wide availability of wearables and new techniques
of data science to deal with big data provide many new
opportunities for the persuasive design of virtual coaches [1].
The variety in health related data is increasing. While motion
trackers have become common, other wearables are becoming
available, such as stress sensors. Yet, many applications are
still at a stage in which the data are simply presented as
graphs. Mostly, data are merely used as input to a monitoring
tool rather than as input for coaching strategies, let alone
that the variety of data is combined in order to personalize
the coaching strategy. While van Gemert-Pijnen et. al. and
Siewiorek et. al. identify these opportunities [1][2], we propose
an architecture for integrating big data in virtual coaches. The
prototype described by Blaauw et al. combines the execution of
ecological momentary assessments (EMA) with the collection
of data from wearables [3]. In our proposal, we embed those
two elements within a coaching strategy. Additionally, we
enrich the notion of EMA by allowing for automatic execuction
and personalization of EMAs. Albaina et al. illustrate the
design process of a persuasive virtual coach for the very
specific purpose of motivating elderly people to walk by using
a pedometer and goalsetting [4].
This paper proposes an architecture for a generic personalized virtual coach. Section 1 introduces the main fields of
knowledge that are required for developing a personalized
virtual coach. Subsequently, we propose an architecture integrating knowledge of these disciplines. Section 3 elaborates
on the required computer science techniques. The next section
shortly describes the kind of process management that is
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required in order to take the concept of virtual coaching a
step further. A discussion of future work finishes this paper.
II. M ETHODOLOGY
We define a virtual coach as a computational system that
assists the user, either as stand in or merely as supplementary
to a human coach, to support behavior that is desired by
the user to improve health or well-being. This definition is
wider than the definition of eCoaching by Lentferink [5],
even if it is narrowed down with the adjective ’personalized’
as defined below. Contrary to Lentferink’s definition, which
limits eCoaching to goalsetting, our definition is agnostic to
the nature of the coaching strategy. As a result, we are able to
distinguish between the generic nature of the virtual coach and
a wide range of coaching strategies. Although the architecture
as such does not exclude a wider application, it is developed
within the context of eHealth. The intended applications range
from the treatment of emotional eaters [6][7] to support for
maintaining the social network by elderly people. As such, the
virtual coach implements persuasive technology that attempts
to influence the behavior of its users.
According to the behavior model of Fogg, behavior is most
likely to be influenced when the motivation is high and the
triggers to act are easy to execute [8]. Given the intrinsic difficulties of achieving enduring behavior change, our definition
deliberately limits the virtual coach to changes that are desired
by the user. According to Fogg’s behavior model, triggers
become easy to execute when they are adapted to the context of
the user. Fogg’s characterization of triggers straightforwardly
translates into a crucial requirement for the virtual coach,
namely that it must personalize its feedback to the user as
well as the coaching strategies on which this feedback relies.
A particular coaching strategy, or a different focus within a
coaching strategy, might be more effective, depending on the
dispositions, abilities, preferences, and lifestyle of the user.
The architecture proposed in the following section is based
on the integration of three disciplines. The first one belongs to
the therapeutical application of behavioural sciences, sociology
or psychology, or a mix of them, depending on the nature of the
intervention for which one implements the virtual coach. They
provide an evidence based coaching strategy. For example,
if an instantiation of the virtual coach needs to support the
development of learning abilities of children, the coaching
strategy will stem from theories about metacognition and the
manner in which capabilities can be improved. In the case of
emotional eaters, which comprises our first application of the
virtual coach, the coaching strategy stems from existing face-
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to-face therapies [9].
The second discipline is that of data science. The wide
spread use of mobile devices and recent developments in the
field of big data and predictive analytics allows to achieve the
required personalization by gathering, analyzing, and interpreting personal data. Analysis, both on the level of personal data
(n=1) and of aggregated data, provides information to guide
the coaching strategy in adapting its triggers to the specific circumstances of the individual user. Most importantly, streaming
data, predictive analysis, and realtime data processing provide
novel opportunities to achieve an appropriate timing of the
triggers, which is key in the success of persuasive designs [8].
Finally, the third discipline comprises a subfield of software engineering called model driven software development
(MDSD). The application of domain models, especially in the
form of domain specific languages (DSL), entails the development of abstractions that capture the crucial elements of a
domain, in our case coaching strategies [10]. For the purpose
of the virtual coach, a DSL must be designed that allows for an
straightforward implementation of coaching strategies. Such an
implementation consists of a translation of (parts of) a coaching strategy into rules suitable for a computational system.
The virtual coach executes these rules to provide feedback to
the user depending on the outcomes of the analysis of data.
Since there are many ways in which even a single coaching
strategy can be implemented, considerable exploration and
research must be carried out into the most effective ways of
implementing coaching strategies. The application of MDSD
ensures that the rules of a coaching strategy can be changed
easily.
III. A RCHITECTURE
We propose to combine a health data platform (HDP) with
a platform for the implementation of coaching strategies (CSP)
in order to establish an ecosystem for personalized virtual
coaches (see Fig. 1).
A. Health Data Platform
One of the most important aspects of the required personalization of the triggers of a coaching strategy consists in
the trigger’s timing [8]. The real time analysis of personal
data streams as well as the real time self-evaluation of the
virtual coach itself provides new opportunities to establish an
appropriate timing of the triggers.
The HDP employs techniques of data science to gather,
store, query, analyze, classify, and predict health and lifestyle
related data. We distinguish between direct and indirect data
streams. The former stem from mobile devices, while the latter
consist of data that is generated by the coaching strategy itself.
The indirect data streams allow the virtual coach to consult the
coaching history and adapt itself accordingly, for example to
avoid coaching moves that have failed in the past.
B. Coaching Strategy Platform
The other part (CSP) implements the coaching strategy and
consists of the following parts:
• user interaction;
• data processing unit to combine data generated by user
interaction with the output of the health data platform;
• rule engine to provide the user with feedback by
personalizing scheme’s.
First of all, feedback may consist of advice to take educational
modules to improve skills as required by the coaching strategy.
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It may also consist of the suggestion to set a certain goal. When
accepted by the user, progress will be measured and visualized
in such a way that it motivates the user to achieve this goal.
A third important type of feedback consists of an EMA.
EMAs are often used in eHealth related research. They
provide a convenient way to obtain structured real time information about the behavior and experiences of the user [11][12].
EMAs are used for research purposes as well as treatment. We
propose a way of using EMAs within the virtual coach with
two novel aspects:
• automatic execution;
• personalization.
Depending on the specific state of the individual, the coaching
strategy might involve an EMA at certain stages of the coaching. Schematized EMAs can be used to personalize ecological
momentary interventions, or EMIs. Coaching rules enable the
automatic execution of EMIs that are tailored to individual
situations.
Let us take a simple example to illustrate how this global
architecture supports the implementation of a virtual coach.
Suppose a wearable is used for tracking the movements of
users. Let us take as a very simple coaching strategy that the
virtual coach must be able to support existing good habits.
Pattern detection and predictive analytics learns for example
that a particular user A is usually running on each Friday
morning. Let us assume that the user has entered his holidays
via the user interface or that the virtual coach has access to this
information by other means. and that he spends his Saturdays
such that it is no option to improve movements. This extremely
simplified coaching strategy can be implemented in the rule
engine as follows:
if running is predicted within 5 minutes,
remind the user unless he has a holiday
The user will receive notice in accordance with her or his
preferences (SMS, whatsapp, etc.). An improved version might
take into account the weather and only remind the user when
it has stopped raining.
IV. C OMPUTER S CIENCE T ECHNIQUES
This section identifies the required techniques of the most
innovative aspects of the proposed architecture.
A. Data Science
Widely available mobile devices provide diverse data
streams that are useful for understanding, and possibly predicting, the behavior of the user. The nature of the virtual
coach requires the analysis of these data streams to be automated. Patterns, features, and anomalies need to be discovered
automatically (knowledge discovery). Knowledge discovery
requires:
• the automation of the data analysis process;
• the handling of Big Data in combination with Analytics.
The automation of data analysis involves the preparation,
transformation, and modeling of data in order to become in
the position to discover ’knowledge’, that is, useful information
[13]. The diversity, realtime, and streaming nature of the data
impose Big Data aspects [14] on the automation of data
analysis [15]. Accordingly, the health data platform requires
the latest techniques and frameworks to implement the storage
and real time analysis of data streams, such as Apache Storm.
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Figure 1. Architecture Personalized Virtual Coach

B. Model Driven Software Engineering
The implementation of a coaching strategy requires at
least some techniques that are developed under the label of
artificial intelligence (AI). A common distinction between two
approaches in AI is that between rule based expert systems
and data based machine learning systems. Currently the latter
is quite popular, because of success in applying this approach
to previously unsuccessful cases, such as machine translation
and computer vision. To a large extent, this success is the result
of the availability of a lot of data of sufficient quality, such as
labeled images for computer vision.
Unfortunately, in the case of coaching strategies, this data is
hardly available (or not in the language of the intended users)
and is not likely to become available in the foreseeable future.
Moreover, experts on coaching strategies aim at improvements,
which requires a conceptualization of psychological and/or
social processes. In the case of machine learning, however,
correctly labeled data is used to produce rules for computation
indirectly. These automatically produced rules not only remain
implicit, but also remain almost incomprehensible for human
cognition. Thus, a machine learning solution to the coaching
strategy as a whole tends to obfuscate an understanding of
these processes, which is precisely what domain experts aim
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to unravel. Although machine learning is invaluable to analyze
the data streams, and can be used in several other parts, such
as natural language processing, we do not regard it as the
first choice for implementing the coaching strategy as a whole.
Nevertheless, once sufficient virtual coaches, using sufficiently
rich data sets, have operated for some time, their data might
be useful to train machine learning modules to improve the
virtual coaches. Currently, however, we are not yet at this
stage, but have to start by implementing coaching strategies
as understood by domain experts.
The field of MDSD provides convenient means, such as
the concept of a DSL, to implement a rule based system. Such
a DSL based system allows to formulate the coaching strategy
in terms that are close to the coaching domain. In the case
of dialectical behavior therapy for emotional eaters, a simple
example of such a rule could be [9]:
if Anger or Fear dominates
follow Dialectical Coaching Strategy
Obviously, such a rule presupposes several software modules,
such as modules that allow to determine the dominating
emotions, for example by means of EMAs, a stress sensor,
or the analysis of expressions in natural language. The DSL
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provides an abstraction level that does not require knowledge
about the way these software modules and the analysis of data
are realized.

[9]

V. D EVELOPMENT PROCESS
Nowadays, agile approaches dominate the development of
software. These approaches ensure a crucial role for all stakeholders at each stage of the development. An agile approach,
especially in the form of scrum, is particularly suitable for a development process that requires the integration of quite diverse
disciplines. By means of an, preferably daily, participation in
the scrum process, the expert on coaching strategies is immediately confronted with the the (im)possibilities of engineering
techniques Conversely, the engineers get immediate feedback
on their interpretation of the coaching strategy. In addition, the
agile approach prepares the virtual coach for adoption by users
and the healthcare sector [16].

[10]

VI. C ONCLUSION
We have identified how knowledge of diverse disciplines
should be integrated, and proposed an architecture for a generic
personalized virtual coach that utilizes recent developments in
wearables and data science. Focusing on the implementation
of the coaching strategy required by the treatment of emotional
eaters, several software modules for both the HDP and CSP
are currently under development. Future work will consist of
the integration of the software modules to show the viability of
our architecture, including the design of an appropriate DSL
for implementing coaching strategies. Planned expansions to
other coaching cases will warrant and demonstrate the generic
nature of our solution.
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je zèlf!’ for emotional eaters through the design of
emotion-enriched personas,” International Journal On
Advances in Life Sciences, vol. 8, no. 3 & 4, 2016,
accepted.
B. Fogg, “A behavior model for persuasive design,”
Persuasive ’09, 40:1–40:7, 2009.

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

108

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

Prediction of Running Injuries from Training Load:
a Machine Learning Approach.

Talko Dijkhuis1,3 , Ruby Otter2,4 , Hugo Velthuijsen1 and Koen Lemmink4
Hanze University of Applied Sciences,Institute for Communication, Media & IT, Groningen, The Netherlands
2
Hanze University of Applied Sciences,Institute of Sport Studies, Groningen, The Netherlands
3
University of Groningen, Johann Bernoulli Institute for Mathematics and Computer Science, Groningen, The Netherlands
4
University of Groningen, Center for Human Movement Sciences, University Medical Center Groningen, Groningen, The Netherlands
1
{t.b.dijkhuis, t.a.otter, h.velthuijsen}@pl.hanze.nl
4
{k.a.p.m.lemmink}@rug.nl
1

Abstract—The prediction of the running injuries based on selfreported training data on load is difficult. At present, coaches and
researchers have no validated system to predict if a runner has
an increased risk of injuries. We aim to develop an algorithm
to predict the increase of the risk of a runner to sustain an
injury. As a first step Self-reported data on training parameters
and injuries from high-level runners (duration=37 weeks, n=23,
male=16, female=7) were used to identify the most predictive
variables for injuries, and train a machine learning tree algorithm
to predict an injury. The model was validated by splitting the data
in training and a test set. The 10 most important variables were
identified from 85 possible variables using the Random Forest
algorithm. To predict at an earliest stage, so the runner or the
coach is able to intervene, the variables were classified by time to
build tree algorithms up to 7 weeks before the occurrence of an
injury. By building machine learning algorithms using existing
self-reported training data can enable prospective identification
of high-level runners who are likely to develop an injury. Only
the established prediction model needs to be verified as correct.
Keywords–Human Performance; Machine Learning; Predictive
Analysis; Load; Injuries; Monitoring; Endurance Athletes

I.

I NTRODUCTION

In the context of the project ’Groningen Monitoring Athletic Performance Study’(MAPS) [1] two years of data was
gathered about load, and tests on the performance of competitive athletes. The investigation into the factors that influence
performance and injury risk of athletes lead to more insight.
The effect of a change in load on injuries is difficult to predict.
The knowledge on the relationship between load and the effect
on injuries might be improved by matching self-reported training data and injury data using machine learning techniques. At
present, Human Movement Researchers of the project MAPS
have no published findings on the relation between a change
in load and injuries on endurance athletes. To identify the
predictors, a choice has to be made on which information is
to be used for developing an algorithm for the prediction of
injuries. There are two kinds of data available, the daily selfreported training log data and the injury data of high-level
competitive runners. An injury is defined as any musculosketal
problem of the lower extremity or back that lead to an inability
to execute training or competition as planned for at least one
week [2]. The training log data contains information about
the training duration and the training intensity. The intensity
times the duration is the workload of a training. The terms
acute and chronic workload are used to descibe the intensity
of the immediate window of training. Acute workload is the
average workload of the last seven days, chronic workload
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is the average workload of the last 28 days. [3]. A study to
sustain an injury risk of rugby league players was conducted
with the acute:chronic ratio and concluded that there was
a relation between High Chronical workload, spikes in the
acute workload and the increased risk on injuries [4]. To find
a relation between the workload and injuries for high-level
runners, the data of the training data log is to be converted
to predictors, which are based on the acute:chronic ratio,
derived ratio’s and the workload. Machine Learning is an
appropriate manner for examination of all these predictors [5]
because Machine Learning Techniques can discover complex
high dimensional interactions between predictors and predict
the label of injury/no injury.
II.

M ETHODS

A. Study design
The study design stems out of the MAPS project. A
prospective cohort study was used in which 23 high-level
competitive runners (16 male, 7 female) were followed for
14 months. During this period they reported data on training
parameters and injuries(Table I).
TABLE I. BASELINE CHARACTERISTICS OF RUNNERS
Characteristic
Number
Age(years;mean +- SD)
Height(cm;mean +- SD)
Body weight(kg;mean +- SD)
Perc. body fat(perc.;mean +- SD)
VO2max(ml/min/kg)

Male
16
22.5 +- 6.3
185 +- 5
68.6 +- 6.0
8.5 +- 2.3
66.7 +- 5.9

Female
7
21.4 +- 4.4
172 +- 7
58.3 +- 4.0
17.6 +- 4.2
62.7 +- 7.4

Total
23
22.2 +- 5.7
181 +- 8
65.4 +- 7.2
11.3+- 5.2
65.5+-6.5

B. Dataset description
1) Overall dataset: The runners kept a daily training log,
in which, information about the training duration, the training
intensity and the sustained injuries was reported. The dataset
contains 208 training patterns of 7 weeks, 52 patterns with
injuries and 156 patterns without any injury. To find a relation
between the workload and injuries for high-level runners, the
data of the training data log is converted to features, which
are based on the acute:chronic ratio, monotony, strain and
the workload. For a sliding window of 7 weeks before the
injury, every single week the same ratio’s and workload were
calculated. The final step was to determine the percentage of
change between the features of the identified weeks and add
this to the dataset
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2) Injuries: There were 22 runners, out of 23, injured
during the observed period of 14 months. Only the complete
patterns were selected for the dataset. These are the athletes
who had no missing data in their daily training log in combination with the reported injuries. And only the injuries, which
had a sliding window of 7 weeks of self-report data before the
injury were used.
3) No injuries: The period before the injury has to be
compared with the period in which the workload doesn’t lead
to injuries. Therefore the 7 week period without resulting into
an injury, before the 7 weeks sliding window of the injury
date, was taken for every individual athlete.
C. Model development
For the identification of the most important features Random Forest of Sklearn was used. Random Forest builds trees
on subsets of the data, bagging, and there for applicable for
relative small datasets. [6] Next, the relative importance of the
features can be identified. To intervene as early as possible,
single trees will be assembled based on the moment in time
using the identified features.

IV. C ONCLUSION
The predictive modelling using two steps in the process
seems to be promising. But the accuracy of the tree on 20%
of the feature set is very high, future work is to investigate
the rationale behind the results. The established prediction
model needs to be verified as being correct. When a robust and
accurate prediction model is realized, the model will be added
to an app. The app will get information about the workload per
training session and, using the model, predicts the probability
on sustaining an injury.
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[1]

[2]

D. Feature selection
[3]

The features within and between the sliding windows are
correlated with each other. The following features are identified
as the most important, sorted by decreasing importance.
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

average workload week 2
sum workload week 2
percentage change monotony between week 1 and 2
acute:chronic ratio 7 over 42 week 7
acute:chronic ratio 7 over 28 week 7
percentage change strain between week 1 and 2
percentage change workload between week 2 and 3
acute:chronic ratio 7 over 42 week 2
percentage change strain between week 2 and 3
strain 2

[4]

[5]
[6]
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The Random Forest is also used to predict on the dataset and
had predicted 67 percent of the injuries correct.
E. Predictive modelling building
The 10 features are used to build individual trees to be
able to identify as early as possible the increase of risk. The
dataset was divided random in a training and a test set in
respectively 75% and 25%. Building a tree on the features
’acute:chronic ratio 7 over 42 week 7’ and ’acute:chronic ratio
7 over 28’ resulted in an accuracy of 75 %. With these ratios
the prediction of the injury was 75% correct. Other trees are
not built yet.
III.

R ESULTS

We selected 10 predictors to predict the occurrence of an
injury in the future over an sliding window of 7 weeks. The
predictive modelling is promising but it is also a bit suspicious
that an tree is more accurate using 20% of the features in
comparison with the Random Forest.
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Abstract-Fuel poverty is becoming a problem amongst the
older community in the UK. We propose an assistive
technology for reduced energy consumption in aid of active
aging. We introduce how the well-being of older people
within the community can be improved by reducing anxiety
associated with fuel poverty.
A recommender and
behavioural change system will be introduced, which enables
older people to improve their energy footprint through
energy-aware systems. Using systems to help reduce fuel
poverty will invariably improve their general well-being.
Results show how this technology can be accepted and act as
an enabler in improving the overall well-being of older
people.

Keywordsenergy-efficiency;
energy-awareness;
intelligent sensor systems; recommender systems; wellbeing.
I.

INTRODUCTION

At present, older people within the community face a
host of technological and perceptual problems, which can
inhibit their interaction and well-being while using
information and communications technology (ICT)
solutions to improve their lives. This is especially
relevant when considering Internet of Things (IoT) based
systems to improve their well-being within their home
environment, dealing with heating and reducing costs.
Fuel poverty is a key societal problem that impacts on
large numbers of the older community within the UK [1]
as older people tend to fall into the low-income range due
to low pensions and rising energy costs. The worry and
anxiety concerning their limited financial resources
results in 20,000 – 25,000 deaths in the UK [3]. This is
due to reducing their dependency on heating their homes
as they are not financially secure enough to afford or pay
for their monthly house hold heating or cooling bills [4].
The use of technology to help older people reduce costs is
constrained by their fear and distrust of technology. To
enable older people to accept ICT solutions, the UK
government has a number of initiatives in place to help
reduce this fear (e.g., digital by default [2]), which aims to
provide them with skills to use modern technology.
However, figures show that high numbers of individuals
are still susceptible to fuel poverty which is not only
reducing their well-being but also putting their lives at
risk [3].
Compounding the issue of fuel poverty, older members
of the community also fear the use of technology which
can impact on the successful deployment and adoption of
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technology to address the issue of fuel poverty. Other
issues relating to the acceptance of technology and the
security of personal information also factor into the distrust of ICT, which is there to help improve their wellbeing.
In this work we intend to provide a prototype system to
show how unobtrusive and intelligent technology can help
reduce the energy consumption of older people and how
this can impact on their behaviour by adopting more
energy conscious patterns through a real-time responsive
recommender system.
We will therefore examine
whether an intelligent recommender system can reduce
the energy consumption of older people by predicting and
modifying their daily patterns and behaviours so that they
minimise their energy needs. The rest of this paper is
structured as follows: Section 2 provides an insight into
existing systems; Section 3 discusses the design
considerations that need to be taken into account when
considering energy-awareness as a whole; Section 4
introduces our proposed system and its key components;
Section 5 discusses user interaction issues and factors that
can deter engagement; Section 6 provides initial results;
and finally, in Section 7, we present our conclusion.
II.

RELATED WORK

Reducing the energy consumption of individuals has
been widely tackled by a variety of commercial and
academic systems.
An approach taken by some
commercial systems is to view each room as a separate
entity and give contextual information regarding the state
of the room. Some systems require user intervention in
the control of the ambient energy consumption. For
example, with the Hive system [10], to adjust or improve
the heating within a room, a separate mobile based
application is required which can lead to problems when
considering older people. Although additional sensors
and smart plugs are available to provide the ability to turn
on and off devices, these still need to have some form of
user intervention. Voice control or a mobile phone
application is required to govern their operation.
However, this forces the user to actively monitor, respond
and modify temperatures rather than allow the system to
proactively shape the energy use of the home. IFTTT (IF
This, Then That) [11] is another system which allows IoT
integration within the home by providing users with a
simple rule-based approach for governing the operation of
smart devices. Devices are linked to a web based system
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which can then control the devices within the home.
Systems like this would fail to address the needs and
anxiety encountered when older people interact with
technology [5] due to mobile technology and applications
not being accessible to all older people which also
increases their fear of technology. Another similar system
is the Honeywell evoHome [12] system provides users
with contextual information about the room temperature
and provides them with a digital thermostat to control
ambient temperatures. The Heat Genius system [13] is
another commercial product which uses motion control to
determine whether heating is required in a particular
room. This system also provides the ability to learn and
adjust room temperatures based on the life style of the
users. However, these commercial systems do not
address the issue of reducing energy consumption as a
whole but instead focus on one specific problem - heating.
Smart energy meters have been used extensively in the
home and in some cases targeting low-income and older
users. In [15], a number of smart energy systems and the
interactions with users are discussed. Here, users used the
Duet and Trio devices in a bid to monitor their real-time
energy consumption over a one year period. Smart home
and assistive technology can also play an important part in
monitoring and adapting the environment to best suit an
older person. Kim et al [14] discuss the U-Health system
for monitoring and supporting the older person within
their home. Wireless sensor technologies embedded
within appliances in the home allow for the collection and
mining of information regarding the habits of the older
user, as well as providing decision-making capabilities to
allow the system to adapt to the users’ needs.
The issue of fuel poverty is a multi-dimensional one
which covers more than just the heating of homes. To
provide a representative picture of how energy-awareness
impacts older people, all aspects of energy consumption
needs to be considered. When looking at the problem of
fuel poverty, any savings of an older person’s energy
expenditure must yield in financial benefits. In turn, for
a technological solution to fully address the issue of fuel
poverty it must holistically look at energy-awareness as a
whole and provide ways in which behaviours and usage
patterns can be altered to improve energy expenditure
through an unobtrusive and proactive system which does
not require constant user interaction to govern the control
of the environment.
III.

DESIGN CONSIDERATIONS

Older people face a number of challenges in today’s
society which can impact their lives and well-being. Fuel
poverty is a major societal challenge which affects
significant proportions of the society. With limited
financial resources available to older people who are
reliant on state pensions, paying for fuel (i.e., electricity
and gas) becomes a major concern for their well-being
[3]. Within the UK alone, a high number of unnecessary
deaths are caused each year due to weather concerns [1].
This can be due to excessively hot weather during the
summer months or excessively low temperatures during
the winter. In circumstances like this, which require a
higher expenditure, it is common for the older person to
go without basic heating or cooling due to limited
financial resources, which enables them to focus on other
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costs (e.g., food and rent) [4]. However, this has a
detrimental impact on their well-being due to the
suffering involved, and possible death, during low or high
temperature times during the year. Not only does it
impact the older people, but the costs to healthcare for
dealing with emergencies relating to the admission and
care of older patients at these times, places stress on
services which are already over-stretched.
Communities and community care offer care services
where carers or social workers visit the older person to
ensure that they are coping and not suffering. However,
with finite resources, only so much is able to be done. To
help in the care of older people, smart technology has
been employed quite extensively. For example, in [15],
smart devices help monitor the older resident. However,
relying on technology can introduce other challenges.
More specifically, older people distrust and fear the use of
technology [5]. This often leads to technology being
ineffective due to the lack of engagement from the older
person, especially if they are required to interact and
engage with the technology in some way. Davis [5]
introduces the Technology Acceptance Model which
impacts on the perceived usefulness of technology by the
older person which can introduce barriers for adoption.
However, older users also encounter problems with a
general lack of understanding of ICT which introduces
barriers to the user as it impedes them from making
strategic decisions when managing fuel costs [9]. This
lack of understanding needs to be addressed for the
system to be effective and allow seamless interaction with
the user. For instance in [14][15] mobile technology is
used but can introduce problems with engagement due to
the fear of technology whereby the older person has to
interact not only with an unknown and unfamiliar device
but also some form of application and visual interface. If
the interaction between the system and older person is
perceived to be too difficult then a lack of engagement
usually results [5][ 9]. Therefore, intelligent devices need
to be unobtrusive as well as the system offering a less
technological way of interacting with the older person to
minimise the impact of the fear of technology.
Behavioural change is another key consideration for
such systems as the technology would also have to
monitor and determine if there are better behaviour
patterns when interacting with energy-reliant devices
within the home. For example, making a cup of tea or
cooking dinner relies on some form of energy
consumption (either electricity or gas) to complete the
task. However, energy tariffs can change through the day
and can impact on the total expenditure over a month. By
modifying the behaviour of the older person to a more
cost-conscious time can have benefits in the long term.
Therefore, when designing effective systems for
reducing the energy consumption of older people, a
number of design considerations have to be taken into
account. Namely, the use of unobtrusive technology
which is embedded within the environment; simple
interaction devices which promote trust; behaviour
modification and prediction to reduce or better manage
the use of energy reliant devices within the home; and,
systems to recommend changes to patterns.
We propose to address the question of whether an
intelligent recommender system can reduce the energy
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consumption of older people by predicting and modifying
their daily patterns and behaviours so that they minimise
their energy needs to ensure an improvement in their
general well-being by reducing anxiety associated with
fuel poverty. Anxiety has a clear detrimental effect on the
well-being of an older person [8], which will hinder their
interactions and acceptance of technology. Improving the
quality of life of older users is difficult to gauge as
different people assign different values to things [7]. For
that reason, the proposed system aims to reduce the fear
of poverty and improve the quality of life for older users
by providing them with guidance and options on how to
change their behaviour so that they are more energyconscious and aware of what they are doing through a
simple house model interface. More detailed feedback
can be given to those users who feel comfortable with
technology or to carers, or family members who are
actively helping the older user. By providing them with a
more holistic and wide-ranging understanding of the
energy-consumption which takes into account not only
their heating but also their activities during the day can
help them improve their overall energy consumption. By
looking at the whole, more substantial savings can be
made which in turn reduce their chances of falling into the
fuel poverty trap.
Therefore, in summary we intend to address the issue of
the acceptance of technology as well as factors relating to
the trust of intelligent systems and improving well-being
by reducing fuel poverty. This will be through simple,
trusted and unambiguous human-computer interfaces,
behaviour and activity analysis; and, recommender
systems to help promote more informed energy-aware
decisions. This will allow older people to consider all
aspects of their energy consumption, rather than focusing
on one single aspect (e.g., heating) as their overall energyfootprint will be made out of many different components.
For example, heating, cooking, recreation, etc., which
complements their potentially sedentary life-style.
IV.

PROPOSED SYSTEM

From a conceptual perspective, the system (see figure 1)
will process sensor telemetry from devices located within
the environment, determine if the behaviour of the person
can be changed based on the task activity they are
performing, which includes using tariff information
gathered from energy suppliers through IoT and then
facilitate in providing feedback to the older person.

System
Interface

Sensors

System

Energy Suppliers
Figure 1. System overview.

The guiding principle in the design of the prototype is to
determine if the energy consumption of the user can be
reduced by determining the behaviour and patterns they
are exhibiting. The system relies upon a number of key
components that deal with the interactions with energy
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suppliers to provide information, which informs the
recommender system; activity/task detection and
interfacing with the user through an unobtrusive interface.
A system prototype has been developed which allows the
seamless interaction with an older person, which could
reduce their energy consumption. For this prototype
iteration the full system was implemented but deployed
within an idealised test environment to capture telemetry.
The system was also able to save and playback telemetry
for user evaluation.
A. Sensors
A variety of off-the-shelf sensors have been used to
provide contextual information regarding the state of the
environment, the location of the older person, and what
they are interacting with in the home environment.
Sensors that provide telemetry on light, motion, pressure,
electricity use, sound, as well as other sensors providing
contextual state information of the environment, have
been used. Sensors were typically subsumed within the
appliances which consumed energy. This was mostly
electrical appliances but scope for gas based appliances
will be incorporated in a later iteration. Sensors can be
added seamlessly to the system by simply plugging them
in and informing the software that a particular type of
sensor has been added.
Different sensors can be
dynamically added, along with information which
provides contextual information regarding how telemetry
can be analysed and interpreted during the behavioural
analysis phase. Environmental and power usage sensors
were based on Phidgets’ technology and were used to
record and forward telemetry using an event system that
had been developed (details in section IV. B). For the next
phase of the work, smart Wi-Fi enabled energy plugs and
other Wi-Fi enabled technology, will be used.
B. Behavioural Analysis
To aid in the process of determining how much energy
is being consumed within the house and whether a better
alternative is available, telemetry from sensors are
aggregated and processed within the behavioural analysis
component of the system. An overview of the activity,
behaviour and recommender stages is outlined in figure 2.

Sensors

User
Notification
System

Activity
Manager

Behaviour
Analysis

Recommender
System

Historical
Pattern
Matching

Figure 2. Activity, behavioural and recommender stages.

Activities are used to identify what task the user is
performing within the home. For example, making a meal
would involve using a variety of sensor equipped devices
within the kitchen, each of which will be generating
telemetry. In a typical use case, the oven, along with the
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cooker and supplementary devices (e.g., kettle) could be
used. Combined with environmental state information
originating from embedded sensors in the home,
additionally telemetry regarding light, sound and motion
information would be generated and be contextualised
within the kitchen environment.
Activities are generated by end-users and allow the
association between different telemetry and sensors and a
given activity. The approach that has been taken is to
offer a simple means for users to define an activity and
then to associate sensor combinations to that activity.
These activities will then form the basis of the
behavioural analysis and pattern-matching functionality
whereby the system will be able to determine what type of
activity is being performed by the user.
Raw sensor telemetry is tagged with additional metainformation regarding the sensor type, timestamp and
location and transmitted around the system within an
event message. Events are captured and processed within
the behavioural component during the activity
identification process.
To aid in providing an
environmental snapshot of what is happening within the
environment, a window of applicability is used which
allows events to be received over a short period of time.
This populates activity states which are triggered when all
associated sensor telemetry has been received during a set
period. When this has been satisfied, activities trigger
notifications, which are in turn, processed by the analysis
component. At this point, a decision can be made on what
to do next. The first option is to process an associated
action which causes the system to perform some form of
real-world action which impacts the end-user.
Alternatively, notifications can be used to build up
composite events which provide more complex
combinations of activities to be associated with each
other. This allows the system to provide a richer and
more complex activity detection process.
Historical information regarding past activities is used
to provide the ability to determine if activities have
occurred during similar times in the past. For example,
cooking food at specific times; use of kettle to make
drinks; and activities that relate to their life-styles. This
information is used by the recommender system to
determine if user activity patterns can be modified to help
improve the energy use within the home based on their
occurrences. For instance, when coupled with tariff
information, the recommender would be able to inform
the user that by changing their pattern to do a particular
activity by a few minutes could result in a tangible energy
cost saving over a period of time.
C. Recommender System
The purpose of the recommender system is to provide
end-users with feedback on their energy consumption
performance or provide alternative actions. To best
inform end-users of any energy cost savings, tariff
information is used from the electricity supplier that they
are signed up with. By analysing their past behavioural
patterns, the recommender system will determine if any
energy savings can be made by suggesting to the end-user
how best to alter their habits. For instance, as a profile of
the user is generated, any patterns or behaviours they
exhibit will be identified and any improvements will be
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suggested. This information can be conveyed in a number
of ways to the end-user. Notification messages detailing
the current cost and potential savings can be shown to the
user, whilst real-time feedback is given through a physical
prototype system, which allows users to instantly see how
much energy they are consuming within different rooms
in the house.
An administrative component is provided which allows
carers or family members to configure the system and
provide guidance on what levels of energy expenditure
the older user should use on average. This information is
used to inform the older user that targets are not being met
and to keep the carer or family member informed and
involved in the care of the user. Additionally, these set
targets also allow carers/family members to closely
monitor that the older user is using a minimum threshold
amount of energy, thereby ensuring that they are not
suffering from the lack of heating or cooling.
V.

USER INTERACTION

Compounding the problem of fuel poverty, older users
also suffer from technology acceptance. This adds
additional constraints in which electronic systems
subsumed within the home impact the experience and
engagement of the older user. If the technology with
which the older user has to interact is complicated or nonintuitive, this can lead to users disengaging with the
system put there to improve their well-being and causes
an opposite effect so that the user is even more isolated
and stuck within the fuel poverty trap. The issue of
reducing a lack of understanding and purpose of the
system [9] needs to be considered to allow the prototype
to be effective with users. In turn, Leonardi [6] highlights
that the interactive medium needs to take into account the
“motor and cognitive capabilities” [6] of the older user.
When considering the perceived usefulness of the system
[5] to promote older users to engage and trust the system
and recommendations, a clear simple interface is required.
These issues are important when considering how the
older person interacts with the prototype system.
However, it does pose challenges when considering the
acceptance of the interface as it must not rely on
something that might cause confusion or anxiety when
interacting with the system. Therefore, some form of
mobile device or interface would pose significant
challenges to older people.
Different interfaces were constructed and evaluated to
determine which one offered the older user with the best
way to interpret energy usage information. One method of
conveying information was through a clock metaphor
whereLED’s
indicated the general energy usage within
the home. However, this did not prove to be too useful or
popular with older-users.
The approach, which ended up being taken, was to
provide the older user with a simple, non-technical
interface which does not rely on any interactive
technology (e.g., mobile phones or smart televisions) but
instead uses a simple traffic light metaphor. A mock-up
miniature house was provided which uses a traffic light
system located in each of the rooms within the model.
Instant visual feedback is provided to the older end-user
by indicating their power consumption in each room. Red
indicates that they are excessively using energy within
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that room, amber indicates they are using more than they
should but there is room for improvement with a few
recommendations, while green indicates that they are
using energy within the guidelines, or what the
carer/family member might have specified.
Figure 3 shows the model house prototype interface.
Eachroom ofthehousecontainsasetofLED ’swhich
indicates the real-time use of energy within that room.
This was found to be the more successful of the
prototypes for conveying straight forward energy usage
information to older users.

information can be presented to end-users regarding the
total costs incurred and by activity.

Figure 5. Monthly energy costs.

Recommendation notifications were also provided to
end-users and carers/family members to allow them to
determine where savings could be made by changing
habits. For example, recommendations could be made to
change the time of morning snacks and eating times to
make best use of energy costs by moving these
occurrences by a few minutes.
Figure 3. Model house prototype.

A. Administrative interfaces
The administrative interface provides carers or family
members with cost saving’s information either on a dayby-day basis or over a projected month. If older users felt
comfortable with the technology they were also provided
access to this information, rather than simply relying on
the model house. For example, figure 4 shows the costs
incurred for a number of monitored appliances within the
home environment. Information is outlined, based on the
activities that have been detected during the day and
shows a comparison of their energy use.
Both
carers/family members and the more technically confident
older user can utilise this information to determine how
many times a day they perform specific activities with a
view to reducing the frequency over time or to more
suitable times which reduces their energy costs.

Figure 4. Savings graph.

Another way in which financial information can be
conveyed to the user is through a monthly chart outlining
the costs that have been incurred for each of the activities
during that particular time period. Figure 5 shows how
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VI.

INITIAL RESULTS

To combat fuel poverty, older users have to overcome
issues with anxiety caused from the distress of lack of
finance to pay for energy bills and also the fear of
technology, which impedes the adoption of technology to
help them become more energy efficient. Data was
collected from an idealised test environment and played
back through the system for evaluation purposes. The
prototype was evaluated by 10 older users, whose ages
ranged between 50 and 70 and were used to measure their
technological fear and acceptance of using this
technology. This was to determine whether monitoring
energy use and recommending more efficient use of
energy through modifying activity patterns, would
improve their well-being by reducing their overall energy
costs.
Preliminary testing has been conducted using 10 users
to determine the effectiveness of the model house
prototype.
Older users were asked to answer a
questionnaire after evaluating the usefulness of the
interface. The data collected represented activities spread
over several days from the test environment and was
played in compressed form for them to evaluate the
prototype. Activities were highlighted and explained
during the playback of telemetry to help identify what was
being done. 100% of the respondents identified with what
the model house prototype was attempting to do by
making them more aware of their energy consumption
patterns. It was found that 80% of users were able to
interpret the real-time information with ease while 20% of
the respondents experienced difficulty at times when the
system detected an increase or decrease in the energy use
and notified them through flashing L E D ’s. W hen
addressing the question of technology acceptance and the
fear of using new technology which can beset an older
user, 100% of respondents said that they did not feel
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anxiety or fear regarding accepting information generated
through the model house prototype. When asked if the
prototype provided them with a way to monitor and adjust
their habits during the day to make better use of energy,
all respondents replied favourably (100%). In fact, it was
discovered at this point that a number of users would like
even more information presented to them on improving
their energy expenditure. This proved to be encouraging
and a validation that the model house improved their
energy awareness and reduced their anxiety from
worrying about fuel costs. Another group of 10 users
(aged between 20 and 50) were used to evaluate the
usability and functionality of the backend functionality of
the system. This type of functionality would be used by
carers or family members to help advise the older enduser on how to improve their energy-use by exposing
them to fine-grained data regarding which activities were
done and how potential savings could be made. The type
of questions asked to these participants were
predominantly focused on activity management, savings
information, monthly projections and recommendations.
The results from this evaluation showed that 100% of
participants understood what the activities were and how
they related to the system and data while 70% of
participants were able to deal with, and manage, activity
related features. The remaining 30% required extra
guidance before they felt fully comfortable with the backend system. When addressing the usefulness of the
recommendations and potential financial savings, all
participants agreed that the system was easy to use and
offered important and helpful information on how to
improve energy usage.
VII.

CONCLUSION AND FUTURE WORK

Our intention was to produce a simple ICT system
which would attempt to reduce the anxiety that older
people experience in relation to fuel poverty as well as
address the issue of accepting technology. It was found
that the prototype system promoted the perceived
usefulness of the system to older users. This is in addition
to other areas of our research into energy-aware
programming languages and runtime systems.
By focusing on the energy-awareness of everyday use
from the start, the prototype system was able to
successfully improve the energy use of a user over the
initial trial period.
The behavioural analysis and
recommender systems were found to accurately identify
activities which in turn aided in recognising and
highlighting the cost awareness of what users were doing
in association to their activities. By increasing this cost
awareness of their actions, users were found to be more
aware of how to reduce their energy costs by changing
times or common activities to more cost effective times of
the day. Carers/family members would be able to help by
raising awareness of what the older user was doing on a
day-to-day basis by showing them how simple changes to
their daily patterns could result in tangible cost savings as
well as improved health.
Following on from our preliminary results and
prototype system we intend to expand trials for longer
periods of time as well as integrating other technology
dealing with energy-conservation within IoT devices
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populating these homes. Experiments on how the system
affects the overall well-being of the older person will also
be conducted as well as the impact of gender, disability
(both physical and cognitive related), living status and age
on their acceptance and use of the technology.
REFERENCES
[1] Department of Energy & Climate Change, “Fuel Poverty
Report 2015.” Available at: https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/468011/Fuel_Pove
rty_Report_2015.pdf [retrieved: November, 2016]
[2] G. Flood, (2013). “British government's 'Digital By Default'
plans challenged”, Information Weekly (Online), available at:
http://search.proquest.com/docview/1319367398?accountid=146
93 [retrieved: November, 2016]
[3] The Poverty site, “UK: excess winter deaths”, The Poverty
Site. Available at: http://www.poverty.org.uk /67/index.shtml
[retrieved: November, 2016]
[4] Greenseniors.eu,”Green Seniors In The European Union |
Ageing Is Nothing For Cowards (May West)”. Available at:
http://www.greenseniors.eu [retrieved: November, 2016]
[5] F. Davis, “Perceived Usefulness, Perceived Ease of Use, and
User Acceptance of Information Technology”, MIS Quarterly,
vol. 13, no. 3, pp. 319, 1989.
[6] C. Leonardi, C. Mennecozzi, E. Not, F. Pianesi, and M.
Zancanaro, “Designing a familiar technology for elderly
people”, Gerontechnology, vol. 7, no. 2, 2008.
[7] M. Farquhar, “Elderly people's definitions of quality of life”,
Social Science & Medicine, vol. 41, no. 10, pp. 1439-1446,
1995.
[8] E. De Beurs, A. Beekman, A. Van Balkom, D. Deeg, and W.
Van Tilburg, “Consequences Of Anxiety In Older Persons: Its
Effect On Disability, Well-Being And Use Of Health Services”,
Psychological Medicine, vol. 29, no. 3, pp. 583-593, 1999.
[9] R. Ellis, J. Allaire, “Modeling Computer Interest in Older
Adults: The Role of Age, Education”, Computer Knowledge,
and Computer Anxiety. Human factors, vol. 41, no. 3, pp. 345355, 1999.
[10] Hivehome.com. “Hive”, Available at: https://www.hive
home .com, [retrieved: November, 2016]
[11] IFTTT.com, IFTTT”, Available at: https://ifttt.com/
[retrieved: November, 2016]
[12] Honeywelluk.com, “evohome - Honeywell UK Heating
Controls”, Available at: http://www.honeywelluk.com/products
/Underfloor-Heating/evohome-Main/ [retrieved: November,
2016]
[13] Heat Genius, “Heat Genius remote heating control benefits:
save m oney, save energy, save tim e”,
Available at:
https://www.heatgenius.co.uk/benefits/ [retrieved: November,
2016]
[14] J. Kim, H. Choi, H. Wang, N. Agoulmine, J. Deerv, and W.
Hong, “POSTECH's U-Health Smart Home for elderly
monitoring and support”, IEEE International Symposium on a
World of Wireless Mobile and Multimedia Networks
(WoWMoM), pp. 1-6, 2010.
[15] T. Hargreaves, M. Nye, and J. Burgess, “Making energy
visible: A qualitative field study of how householders interact
with feedback from smart energy monitors”, Energy Policy,
Volume 38, Issue 10, pp. 6111-6119, ISSN 0301-4215, October
2010.

116

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

Tele-Rehabilitation Platform for Upper and Lower Limb in Elderly Patients,
the HEAD Project.

Franco Molteni∗ , Cristina Gramigna∗ , Samuela Canobbio∗ , Milena Peverelli∗ , Silvia Aggujaro∗ ,
Mauro Rossini∗ , Giovanna Palumbo∗ , Giandomenico Caruso† , Mario Covarrubias† , and HEAD consortium
∗ Valduce
† Politecnico

Hospital, Villa Beretta, Rehabilitation Centre, Costa Masnaga, Lecco, Italy.
di Milano, Department of Mechanical Engineering. Via G. la Masa 1, 20156, Milano, Italy
Email: mario.covarrubias@polimi.it

Abstract—Tele-rehabilitation systems have been increasingly studied, becoming an important complement to traditional therapy
as they can provide high-intensity, repetitive and interactive
treatments of the injured extremities. Several systems have been
developed in research projects and some of these have become
products mainly for being used at hospitals and care centers.
After the initial rehabilitation performed at rehabilitation centers,
patients are obliged to go to the centers, with many consequences,
as costs, loss of time, discomfort and demotivation. However, it has
been demonstrated that patients recovering at home heal faster
because surrounded by the love of their relatives and with the
community support. So, there is a strong need for rehabilitation
systems to use at home. There are already some devices available
on the market for home care: their main weakness is the limited
strategy for motor learning. The ambition of the Human Empowerment Aging and Disability (HEAD) project is to combine
assistance with appropriate feedback to close the loop in motor
learning strategy for the home. HEAD platform challenging
objective is to develop a novel tele-rehabilitation system and
related provision services for a holistic rehabilitation aiming at
restoring limb motor functional abilities, and at launching both
system and services at home. The tele-rehabilitation system is
based on the use of low cost sensors, connected with a gaming
module for cognitive-motor rehabilitation, and integrated with an
infrastructure connecting the patient at home with therapists at
hospitals who monitor the rehabilitation exercises.

of diseases and disabilities. Strictly related to the ageing of the
population, stroke is the most common cause of adult disability
in Europe. Currently, the European incidence is equal to 2
every 1000 persons (that is, around 1M people), but also in
this case, it is foreseen that this number will double in the
next 50 years. Due to the improvement on the medical stroke
treatment, the 75% of people who have been affected by a
stroke can survive, however about the 50% of those survivors
suffer from serious disabilities, thus being not able anymore
to live independently at home. It is, therefore, possible to
state that with a population that more and more gets old, thus
encountering more disabilities, there is the need to find new
solutions for improving the quality of life of these people,
by helping them in recovering their motor and cognitive
skills. Today, approximately half of stroke survivors access
some form of rehabilitation on discharge from acute services.
Moreover, it has to be taken into account that the rate of people
with disabilities or long-term health problems all over the
EU Member States is estimated at 15.7% of the working-age
population (around 49 Millions of the EU’s overall workingage population). Thus, disability is one of the main challenges
to be faced at different levels (EU Communication European
Disability Strategy 2010-2020: A Renewed Commitment to a
Barrier-Free Europe).

Keywords–Tele-rehabilitation; Gaming; LeapMotion; Kinect.

I.

I NTRODUCTION

According to the World Health Organization (WHO),
within the context of the action plan 2014-2021 entitled ’Better
health for persons with disabilities’, currently there are 150
million adults, i.e., 1 out 7, worldwide who are experiencing
significant difficulties functioning. Not only, it is foreseen that
the disability prevalence will increase more and more. As
stated by the EC communication on Disability Action Plan
(2006 2007), ageing is strictly interconnected with disability
prevalence. 30% of people aged between 55-64 suffer of some
form of disability, and 63% of the people with special needs
are older than 45. According to the European Disability Forum
(EDF), there are 80 million Europeans with disabilities. This is
over 15% of the whole population. According to the European
DG Health and Consumers, ageing is one of the greatest social
and economic challenges of the 21st century for European
societies. It will affect all EU countries and most policy areas.
Let us consider that according to The World Bank Database,
today the European population aged 65 or over is 18%, (90
M people), and it is expected that by 2025, more than 20% of
Europeans will be 65 or over, with a rapid increase in numbers
of over-80s. Unfortunately, ageing is also related to an increase
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In order to improve the quality of life of the people with
special needs, the WHO has drafted some recommendations: make health care affordable; - invest in specific services such
as rehabilitation. Specifically, the ambition of HEAD Platform
is to strengthen and extend rehabilitation services, including community-based rehabilitation, and assistive technology.
Because patients with disabilities have different healthcare
requirements, the HEAD platform will be adapted to patients
needs so as to provide adequate care and remain financially
sustainable. There are also reasons related to the social rights,
which urgently require EU to address rehabilitation issues. A
study by the European Foundation for the Improvement of
Living and Working Conditions has highlighted that there are
ten risk factors for social exclusion. Among them we have: the
disability, long-term unemployment, low quality employment
or absence of employment record, health. Moreover, people
with disabilities have often to stay in hospitals or residential
houses, in order to be able to perform the rehabilitation. In
Europe, hundreds of thousands of people with disabilities,
mental health problems, older people live in large institutions.
There they are alone, not connected with the society. And
also, according to the European Disability Forum, more than
200.000 disabled persons in Europe are forced to live in
closed institutions deprived of the most fundamental social

117

eTELEMED 2017 : The Ninth International Conference on eHealth, Telemedicine, and Social Medicine

rights. The Europe 2020 strategy has set ambitious targets
for inclusive growth requiring action to be taken to promote
integration and adequate livelihood of people with special
needs. The HEAD results will be fundamental to contribute to
the enhancement of the possibilities of people with disability
to do the rehabilitation at home, surrounded by the love of
their relatives, and also with the support of the community
where they live.
A. Main ideas, models and assumptions involved
On the basis of the considerations discussed in the introduction, it follows that the society needs new rehabilitation
systems dedicated to upper and lower limbs with additional
capabilities, features and related services that have a more
holistic approach to rehabilitation:
•

•

•

offering a more effective and customized therapy for
the rehabilitation of upper and lower limbs, which
address cognitive and motor deficiencies, allowing
for an easy customization and definition of exercises
tailored on specific patients and specific rehabilitation targets, enhancing human-computer interaction
through gaming, and engaging the patients in a more
motivated and long-term rehabilitation program by
focusing on complex, global and rewarding exercises;
offering the possibility of performing rehabilitation
programs in autonomy, without the need of the continuous presence of therapists, but under their continuous
monitoring, and which can be performed quietly at
home;
allowing therapists to use a complete and rich set
of data recorded from the exercises executed by the
patients to improve knowledge on rehabilitation and
therapies.

B. The innovation potential of HEAD Platform
The innovation potential of the HEAD Platform is:
•

•

•

at technological level: novelty of the integration of
low cost tracking devices (kinect, LeapMotion, etc.),
combined with games, in the rehabilitation sector;
at rehabilitation therapy level: more effective therapy
that is customised to patients, motivating, rewarding,
monitored, plus a novel knowledge based system for
therapists and physicians;
at socio-economic level: better quality of life for
impaired patients and their family, thanks to a better
rehabilitation service, and decrease of social costs of
the rehabilitation practices; better exploitation of therapists skills and time, which also means an increased
number of patients they are able to assist.

The HEAD Platform system features have an innovation
potential on the kind of rehabilitation therapy that it will be
possible to perform. Patients will be able to make the rehabilitation at home, on a regular basis, enjoying themselves and
with more motivation and consciousness of the improvements,
and being remotely monitored by the therapists. This will
have an important effect on the patients. It is foreseen that
patients will be able to reacquire the lost motor skills in shorter
time because they can practice more often, for longer time,
executing dedicated and customised exercises. Besides, it is
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expected a lower abandonment of the therapy, as it will be
more pleasant and motivating. Extremely important is the fact
that the rehabilitation will be performed in a family context.
It has been demonstrated that patients recovering at home
after a period spent in hospital, being with their loved ones
and with their belongings, heal faster. So, being at home is
very important from the psychological point of view, and this
impacts on the quality and time of the recovery. Therefore,
we can say that the innovation potential of HEAD Platform
will bring benefits for patients, and consequently, there will
be also important effects on society and societal costs. First,
family members won’t be obliged any more to absent work to
accompany the patients to care centers. Then, if the skills will
be reacquired more rapidly and completely (or very close to)
the persons can improve their general quality of life, reacquire
their independence and eventually can be re-integrated in the
workplace.
C. Main outcomes
Therefore, HEAD Platform aims at addressing rehabilitation problems and shortcomings as listed in the Introduction:
1)

2)

3)

Patients will be more motivated to do therapy following the prescription of the therapist thanks to the
playful and entertainment character of the system.
The hospitals participating to the project expect that
along the rehabilitation treatment at least 60% of
patients perform therapy in a more exactly and individual adapted way than now (with habitual rehabilitation treatment), and also that after the neuromotor
stabilization rehabilitation (when patients usually are
discharged from rehabilitation centers), 70% of patients will continue rehabilitation activities at home,
on a regular basis. This would be a higher percentage
compared to the present figure of 10%.
The clinic partners make the assumption that patients
will be more motivated to perform the exercises when
using the HEAD platform, so they are expected to
exercising on a regular basis as prescribed by therapists, and also that the system will allow therapists
to customize exercises to be more focused to the
specific psycho-motor problems of a single patient.
Consequently, it is expected that the recovery of the
skills that one can get is in a shorter time compared
to those obtained through the rehabilitative practice
currently in use. The estimate is that the time is
shortened by 20%.
As a result of the fact that the patient will be more
relaxed during the sessions of rehabilitation, which
can be made using a modality entertainment and
even at home, the patient’s psychological state and
well-being will certainly increase considerably. In
order to assess if the HEAD platform will definitively
improve the general well-being of the patients, a set
of ’quality life questionnaire’ will be prepared. It
will be administered to the patients at the beginning
of the rehabilitation treatment, at an intermediate
period (according to the length of the rehabilitation
treatment) and at the end. The questionnaire will be
also administered to the caregivers of the patients, so
as to gather a larger perspective on the issue.
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The paper is organized as follows. Section 2 presents
an overview of related about gesture interaction systems.
Section 3 presents the HEAD Platform architecture. Section
4 describes one example of the HEAD rehabilitation exercise.
Section 5 describes user study approach and its preliminary
validation. Finally, Section 6 draws some discussion and
conclusions.
II. G ESTURE I NTERACTION
We have developed a visualization and interaction system
integrated with the gaming module that visually renders the
virtual environment for rehabilitation and also the user’s virtual hands and body in real-time. This functionality requires
tracking the user’s hands and body in the physical space.
In order to provide a realistic immersiveness, the tracking
and the representation of the user’s hands and body in the
virtual environment should be accurate and timely. In fact,
some studies have shown that if the users are able to see the
virtual rendering of their hands and legs and their movements
relative to the movements of other objects there is a much
better chance that they will feel that the virtual hands embodies
their intentions and actions [1].
In designing the system, we have considered the new generation of so-called ‘natural user interfaces’ (NUI) technologies
[2], which track the user’s hands, fingers, or entire body in
3D, without wearing any kind of invasive device. Free-hand
gestures can provide effective and natural methods for 3D
interaction with virtual shapes, which can provide fluidity in
the interaction.
Traditional haptic systems [3][4] and desktop interaction
approaches, typically based on devices, such as keyboard and
mouse and touch pad interfaces, are often designed for 2D
interfaces and consequently are less effective and usable for
3D interaction [5]. In addition, many of the techniques that are
used for 3D interaction require the user to wear or hold 3D
tracking devices and also require several markers attached to
the user’s hand or body. The use of markers can make the system more difficult to configure and is inappropriate for some
scenarios. Reasonably precise 3D sensing techniques, which
can recognize freehand movements, are now available at low
cost (e.g., Microsoft Kinect, Asus Xtion, and Leap Motion).
These types of devices do not require on-body attachments or
hands-on tracked devices, thus enabling very low configuration
interaction. In this way, users can interact with the system
naturally through their hands or body movements, without
using complex commands.
However, simply because the interface is based on ’natural’
gestures, this does not reduce the need for careful interface
design [8].
Gestural interaction techniques have been investigated for
a long time and different gesture types have been designed
and evaluated. For example, for the selection of occluded
targets on small touch screens using a finger [9]. Gestural
selection has been explored in order to select distant targets on
large displays [10]. Early freehand interaction systems needed
fiducial markers on the users or data gloves in order to track
the user’s gestures. For example, the authors in [11] used
the movements of fingers to simulate ”mouse-clicking” and
also to investigate freehand gestural interaction with ambient
displays [12] developing design principles and an interaction
framework for interactive public ambient displays. Bimanual

Copyright (c) IARIA, 2017.

ISBN: 978-1-61208-540-1

marking menu selection [13] used a kinect system at clese
range to track the finger’s pose and movement to select from
a marking menu. However, this method requires setting up
the camera under the desktop at a specific angle, so losing
the convenience of free hand interaction. In [14] is presented
a Kinect One sensor-based protocol for the evaluation of the
motor-performances of the upper limb of neurological patients
during rehabilitative sessions. Freehand gestural input has also
been explored for virtual object manipulation [15] including
on curved surfaces [16] and projected directly on to everyday
objets [17]. In this research, it is illustrated the importance
and immediacy of freehand gestural interaction in daily life
use cases. Participants felt that freehand pointing is intuitive
but needs more precise operation. There is a lot of previous
research on object and option selection in both 2D and 3D
interfaces, however, most previous research used hand-held
tracked devices or fiducial markers to enable camera-based
tracking [5].
III. T HE HEAD PLATFORM
The HEAD platform allows us to implement a set of
exercises for upper-limb and lower-limb rehabilitation. The
interaction with virtual objects is performed through hand and
body movements and gestures. The most innovative aspect of
the platform is that the interaction is performed by using the
LeapMotion and the Kinect sensors in a unique platform. The
following section describes the HEAD platform components
in detail.
A. Hardware components and software modules
The system is easily customizable and provides a simple
environment for project deployment to use with multiple platforms, with no need for additional configuration. The HEAD
platform consists of the following hardware components:
•
•
•
•
•

a computer;
Leap Motion controller, used to track the users’ hand
movements and to detect gestures;
Kinect controller, used to track the users’ body movements and to detect gestures;
FITBIT bracelet which measures the amount of physical activity.
PC speakers or headphones, used to render sounds.

For what concerns the software modules, after comparing
several gaming engines, Unity3D R5 environment [6] has
been selected for the implementation of the visualization and
interaction. The main reason for selecting Unity3D is that it has
a powerful interface that allows visual object placement and
property modification during the interaction. In particular, the
required features of Unity3D for the development of the games
application are as follows: 3D rendering of virtual shapes;
Graphical User Interface (GUI); Physics engine (used for
handling collision detection); Collision detection; Integration
with Leap Motion and KINECT (used for user’s gesture
recognition).
B. Head Platform Architecture
The HEAD platform is used by the patients, by the neurologist in charge of the patient and by other clinical specialists
(e.g., by the neuropsychologists and physiotherapists). Each
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of the users has proper functions: the patient can see the
daily exercises therapy, the neurologist can assign, modify or
evaluate the therapeutic plans, the medical personnel can check
how the rehabilitation is going. The main characteristic of the
HEAD platform are related to the possibility for the clinicians
to assign rehabilitation plans to be performed at home, and
the holistic approach to rehabilitation, as the plan includes
physical, cognitive and behavioural therapies/exercises. The
interaction of the different users and the logical architecture
of the platform are showed in Figure 1.

Neurologist,
Physiotherapist
Neuropsychologist
Telemedicine
platform
Exercise,
Results

Feedback
(Results)

Film,
Game (Level,
Repetitions),
Kinect,
LeapMotion

Internet

Exercise
list

Patient
platform
Indoor Unit

Figure 1. Head Platform Architecture.

The Indoor Unity represents the patient’s interaction with
the platform. The patient might be equipped with different
devices that can be provided with the HEAD platform: a
dedicated PC, used by the patient to see the daily activity exercises; an activity tracker (FITIBIT c ) to measure the amount
of physical activity of the patient. The platform foresees also
other devices, which are used only at the hospital (e.g., an EEG
portable helmet to measure variations in the brain activity of
the patients during specific cognitive or attentive tests). All
the patients data is stored in a clinical based certified database
which is managed by TELBIOS [7] a local industrial partner
of the HEAD Project.
IV. H EAD R EHABILITATION E XERCISES
The HEAD exercise database consists of three different
categories which are connected through a film database and a
picture database. A film is used in order to catch the attention
of the patient.
• Category 1: Film =⇒ Exercise =⇒ Film: All the
exercises which are inside this category starts with
the visualization of a film, after a few seconds the
film stops and the rehabilitation exercise starts using
a picture keyframe of the film. Once the rehabilitation
exercise has been completed, the film is enabled and
the patient can see again the next part of the film. After
few seconds the film stops again and the rehabilitation
exercise starts again, and so on. This category has been
designed for motor-limb rehabilitation.
• Category 2: Film =⇒ Exercise: In this category, the
exercises have been designed in order to start with a
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film without stopping or pausing the film visualization.
The rehabilitation exercise starts once the film is
completed. This category of exercises allows neuromotor rehabilitation.
Category 3: Exercise =⇒ Film: This category of
exercises starts directly with the rehabilitation exercise
and the video is seen by the patient only if the exercise
has been completed. The film is used as an award.

•

V. U SERS S TUDY
A tele-rehabilitation system should be validated in order to
demonstrate its usefulness. Before a rehabilitation environment
can be used in a rehabilitation protocol it is necessary to
perform several tests and see if the proposed exercises are
usable and potentially effective.
In our research, a user study has been carried out in order
to test the tele-rehabilitation platform initially with healthy
people. In particular, we were interested in checking if any
issues may arise during the use of the HEAD application, in
particular any issues related to gesture interactions.
A. User study with healthy subjects
10 healthy users, 6 female and 4 male, aged between 18
and 23 participated to the preliminary tests. Before the test,
the participants were asked to fill in a pre-test questionnaire
with their data, confidence to use games and also hand gestural
technologies. In addition, we asked the participants to compile
a symptoms check-list related to the sense of sight.
Figure 2-a shows part of the HEAD platform in which the
clinical team is able to select the different parameters for the
rehabilitation exercise. It is possible to select the video, the
level, the device and the arm/hand side which will be involved
in the exercise therapy.
a)

Attività: ABBINA SIMBOLO (1:2)(VIDEO:ANIMAZIONE-7_CALIMERO_3188433,
DEVICE:LEAP MOTION, LATO: ENTRAMBE LE MANI, LIVELLO:2)
Livello

Video

b)

PRI

RISULTATI

Device

Lato

VALUTAZIONI

OBIETTIVI/TERAPIE GENERICHE

area: Riabilitazione neuro-motoria
Riscaldamento arti superiori
Azione precisa arti superiori
Riscaldamento arti inferiori
Esercizio di memoria
Categorizzazione problem solving; equilibrio
Azione precisa tronco

Figure 2. HEAD Platform for the clinical side.

Figure 2-b shows the general therapy and all the different
rehabilitation areas.
Participants were instructed about the task, and they were
allowed to use the hand gestural approach until they felt
sufficiently confident. The task consisted in using the ‘match
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the symbols’ exercise. Two tests were performed, in different
conditions.
First test. The participants were asked to perform the
‘match the symbols’ exercise and to use the non dominant
hand to interact with the virtual objects. This was made to
introduce in the users some difficulties typical of patients with
upper limb disabilities.
Second test. The participants were asked to complete again
the task using the dominant hand.
The two tests lasted approximately 8 minutes (4 minutes
per each test). Figure 3-a shows the HEAD platform once
is started by the patient and after performed the login via
user-name and password. The patient selects the rehabilitation
exercise, in this case the ‘match the symbols’, which consist
in matching the three similar figures (Figure 3-b). The system
counts as an error if the patient does not match properly the
figures. If the three figures are matched accordingly, the main
figure changes its color to green and the patient is able to grab
the three pictures group in to the blue container (Figure 3-c).
Once all the pictures groups are matched the patient is able to
see the film as an award. When the film finished the system
shows the final score in form of stars (Figure 3-d). Then, the
results are immediately stored to the collector database.

The questionnaire was organized in a 6 points Likert-scale,
from 1 (which is the most negative value) to 6 (which is the
most positive value).
B. Analysis of the results
The charts on Figure 4 show the results of the questionnaires.
The HEAD application achieved a high evaluation rate
relatively to the aspects concerning the system in general, a
quite positive evaluation of the easiness in using it as a whole
(chart a in Figure 4).
The knowledge acquisition section of the test intended to
go more in details in understanding and evaluating the system
from the user’s perspective. Chart b in Figure 4 shows the
results. Overall, the collected data show a positive evaluation.
Only one user assigned a very low rate for what concerned
the easiness of using the system the first time. But the same
user was convinced that the following time it would have been
easier and more natural to use it.
c) Functionalities

a) General Impresion
Did you like the concept?

5,5

Did you like the system?

a)

b)

If you could, would you use it
again?

5,8

Was it easy to use?

How do you judge the visual
feedback?

4,8

How do you judge the sound
feedback?

4,3
0

1

2

3

4

5

Was it easy to start using the
system?

5

Did you perceive the
information you expected?

5,4

6

b) Knowledge acquisition

How do you judge the
finger/hand interaction
modality?

5,2

How do you judge the
interaction modality through
Kinect?

5,2

5,4

Do you think that the next
time will be easier to use the
system?

5,8

0

d)

4,8

5

Your virtual hand moves and
act accordingly to your real
one

c)

How do you judge the
graphic user interface?

5,3

1

2

3

4

5

6

How do you judge the
interaction modality through
LeapMotion?

4

0

1

2

3

4

5

6

Figure 4. Results of tests performed by the healthy subjects.

Figure 3. ‘Match the symbols exercise’.

After completing the two tests, participants were asked
to fill in a post-test questionnaire aimed at evaluating the
following aspects:
• general impression of the exercise, including the proposed concept, the system as a whole, the willingness
to use it again, its easiness of use;
• knowledge acquired in using the scenario, including
the easiness when started using the rehabilitation exercise, the effectiveness of the information displayed,
and the willingness to use the system again in the
future;
• evaluation of the system functionalities, including the
quality of the graphic user interface, the perceived
quality of the exercise, and sound feedbacks, and
finally the ability of the hand/finger interaction modality.
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It is possible to observe from chart c in Figure 4, that
the participants have judged interesting the gesture interaction
modalities proposed (finger/hand gestures) through the LeapMotion and Kinect sensors. A positive evaluation has been
given also to the visual and sound feedbacks which were
coherent with the user’s interaction.
All the objects (images and films) in the exercise are clearly
recognised by the participants. All participants agreed to feel
more confident in using the hand gesture interaction system
towards the end of the test than at the beginning, and they felt
to be able to improve their performance after using it for a
longer period.
Five participants reported some incongruence between their
real hand movements and the virtual hand avatar. This is
due the Leap Motion controller, which sometimes produces
anomaly reading data, such as reporting identical position
although the finger had moved, or reporting false positions far
away from the actual fingers [18]. These anomalies however,
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were usually short-termed and did not represent a significant
impact in the user’s performance, and in general in the overall
results. Nevertheless, these anomalies were known to happen
[19] and therefore expected. This preliminary study was designed to cope with these issues.
Additionally, in this study we evaluated only the process
of selection of the objects (e.g., images through the gesture
interaction) in the rehabilitation exercise. These two conditions
were performed separately. In general, more sophisticated
actions can be performed while interacting with a different
rehabilitation exercise, such as advanced manipulation (e.g.,
changing position and orientation of virtual objects, activating
some interactions through the pinch gestures), which will be
considered in future works.
VI. D ISCUSSION AND CONCLUSION
The use of tele-rehabiliattion systems for upper and lower
limb rehabilitation has been demonstrated in literature to be a
valid approach.
In this view, the paper describes a tele-rehabilitation based
on hand and body gesture interaction. We have performed
some preliminary tests in order to prove the HEAD approach.
The preliminary test results reported in the paper are positive
for what concerns the quality of the hand and body gesture
interaction while executing the rehabilitation exercise. On this
basis, we conclude that the gestural interaction system provides
users with an effective and natural method to interact with the
rehabilitation exercises.
The clinical protocol implies that each patient is able to use
the HEAD platform 12 times in the rehabilitation center and
60 times at home. The total patients involved in the HEAD
project are 100. All of them are using the HEAD platform in
the rehabilitation center and at least 30 at home.
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Abstract— The work studies the acceleration of a single triaxial accelerometer fixed at the sacrum position on the back of
subject next to the COM (Center of Mass). The correlation
between the cycle of the COM and the cycle of the walking is
analyzed by using a harmonic oscillator as a model for human
locomotion. The COM position is calculated without any
integration of its acceleration. A double integration of raw
accelerometer data can result in an accumulation of drift error
resulting in wrong position and distance or step length
evaluation. The acceleration of a harmonic oscillator is directly
proportional to the position. We evaluate the COM position
and translation into a sinusoidal pattern. For every step cycle,
the maximum of COM amplitude is used to give the relative S
step length. This kinematic model generates the properly
attended values; all steps are detected and the absolute
accuracy error in the measurement of the step length, ranges
from 0.32% to 3.33% with a mean value 2.17%. In the model,
many output parameters are processed to study the subject
movement analysis, but all that parameters should be
compared with the gold standard values using appropriate
protocols. We use data of Swedish adult people to obtain
coefficients C to evaluate Smean (mean anthropometric step
length). Smean is used only as a reference, but is not the S value
measured by the model. New protocols and data verification
are carried out. The expectation is to develop a dedicated tool
to support diagnosis and rehabilitation.
Keywords-wearable device; wearable sensors; gait analysis;
human kinematics; clinical application; algorithms.

I. INTRODUCTION
Gait analysis is a complex and expensive technology.
The setup of a limited working area in laboratory, the use of
markers on the subject and the data analysis are not simple
to approach. Outside the laboratory, the use of the system is
not artless. Healthcare requires a novel ecologic approach to
the movement analysis in order to make it friendly and
designed under ergonomic constraints as well as the
performance assessment in agonistic sports and/or clinical
follow up in home monitoring. The wearable sensors are a
possible solution to this problem. They are easy to use and
not intrusive, so that it is possible to monitor subjects
everywhere [1][2]. The introduction of smart fabrics and
wearable sensors improves and simplifies the development
of these sensors, the evaluation of the movements and also
the rehabilitation of patients in their clinical pathway. In
fact, the possibility to embed sensors directly into the user’s
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garments becomes real [3][4]. In this way, their use allows
for a natural walk while monitoring is in progress. Clinical
tests are often conducted with manual counting of times,
steps and distances; their confirmation is carried out through
the support of concurrent video analysis. The use of
wearable devices for the gait analysis without optoelectronic
analysis is possible. This matter is still under investigation.
The need to monitor health status of patients drives an
improvement and an evolution to use remote control
systems for analyzing data through a trained medical center.
Transmission and storage of clinical data is driven by
attention to the security and privacy [1][5]. On the research
side, more accurate biomechanical models are being
implemented, the improvement of signal processing and
advanced analysis algorithms are a focus of development so
to enhance the interpretation of the output data of wearable
sensors for decision making [2][6][7]. Every new wearable
analysis tool for gait analysis is a strong target; better results
need to be introduced into the clinical practice in order to
exploit for example a wearable 6MWT (Six Minutes
Walking Test), or a wearable TUG (Timed Up and Go), or
other trials, without the particular limitations of a
laboratory. Our work goes into this direction: we developed
a novel kinematic model and related method to process 3D
inertial accelerometer data and to compute parameters of
gait analysis. The structure of the paper is as follows:
section 2.1 the Biomechanical model; section 2.2 the
experimental setup; sections 2.3 and 2.4 the Methods A and
B to analyze raw data; sections 3.1 and 3.2 the Data
Analysis with Method A and B; section 4 the conclusions.
II. MATERIALS AND METHODS
This section reports the description of the methodology
used for the kinematic model. We divided the section in four
subsections in which we explain the Biomechanical model,
the experimental setup, the processing methods for bot the
parts.
2.1 Biomechanical Model
Describing the movement of a subject, we have to
consider the external forces and, therefore, the accelerations
acting on his/her body. In absence of other forces, we
always have the action of the gravity force, and then the
subject has to produce a counterbalanced force to remain in
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equilibrium even when stationary. The COM (Center of
Mass) is a single point where we can think that the whole
mass of the body is concentrated, so that it is equivalent to
the entire considered object, where the external forces act
according to the Newton’s laws of motion. In a standing
posture, its position is typically about 10 cm lower than the
navel, in the sagittal plane and in correspondence of the
anterior superior iliac crests (the top of the hip bones). To
know as the COM moves, it means to know how the object
moves. For this reason, we studied human walking by
evaluating the acceleration signals of a single tri-axial
accelerometer fixed on the pelvis of subjects next to the
COM, i.e. in correspondence of the second sacral vertebra.
In the FIGURE 1 a subject walk and the positions in time of
the COM are presented with circles and a trajectory. L is the
leg length, θ is the hip angle in the sagittal plane and S is the
step length. While the subject moves a step S, the COM
moves vertically along an oscillating path; the maximum
oscillation amplitude is hCOM. When the subject moves the
next steps, the cycle repeats. While walking, the COM
oscillation pattern is considered sinusoidal in the vertical
and mediolateral directions [8]. In this work we describe the
COM vertical oscillation, but the same method is applicable
to the COM mediolateral oscillation. To describe human
locomotion, it is analyzed the correlation between the cycle
of COM and the cycle of walking, by using a harmonic
oscillator model. The legs are considered rigid bodies. The
swinging movement is described by a pendulum model [9].

Figure 1. Representation of the Center of Mass oscillation path during walk

According to this model, we can define:
• S = the length of the step;
• L = the length of a lower limb;
• hCOM = the maximum amplitude of the vertical
variation of COM trajectory (distance between the
maximum and the minimum height of the COM);
• θ = the hip angle in the sagittal plane;
S = 2 * 2 * L * hCOM - hCOM 2 .

The COM position must be calculated. A direct double
integration of raw accelerometer data gives the position
which can result in an accumulation of drift error giving
wrong position and wrong distance or wrong step length.
Other studies chose to double integrate and report solution
to solve the drift error [6]. We do not carry out a double
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integration. Some information may be obtained using the
property that the acceleration of a harmonic oscillator is
directly proportional to the position. For every step cycle,
the maximum of COM amplitude is used to give the relative
S step length and distance.
2.2 Experimental setup
We used a wearable 3D accelerometer (Protheo SXT
s.r.l., Lecco, Italy) [10]. Protheo technical details are: 85 (l)
x 53 (w) x 16 (h) mm of size, 70 g of weight, 4 digits LCD,
on board ARM7 microprocessor and raw acceleration
sampling frequency of 128 Hz. This device is able to log triaxial accelerometer signals into the internal memory (up to
three days of continuous monitoring) which can be
downloaded at the end of the acquisition by Bluetooth®
data transmission. The data storage allows for recording
different tests in sequence. When we carry out different tests
in sequence, we have no way to monitor over the data
recording until the recording is downloaded. We calibrated
the output raw signals when the data processing is carry out.
Protheo could record also an electrocardiogram of the
subject while he is making the test, but this option is not
used for this study. The system is worn at sacrum position
on the back of the subject, by means of an elastic band with
a pocket for fixing the device firmly to the body. We
recorded six independent walking tests of a single subject.
In the test protocol the subject walked with shoes at selfselected speed over a linear path of 31.2 m; the walking
time is not a constant. To control the test, the step length
was kept fixed at 60 cm, so that 52 steps were necessary to
complete the path. These values are the true imposed values
used for accuracy assessment. For this purpose, a linear set
of 60 cm interspaced lines was drawn to drive the position
of the tip of the foot at each step. This step value is very
close to the subject natural one that has the anthropometric
estimated value of Smean = 61.9 cm (mean anthropometric
step length). We evaluate Smean using data of Swedish adult
people but different values are possible compared with
different cultural background [11][12]. From this data we
obtain the C coefficients depending on gender, speed and H
(height) of the subject as in TABLE I.
S mean = C * H

Smean is a reference and S the measured step length. C
permits the evaluation of the mean anthropometric step
length depending on gender, heigth and speed. Gender, age,
weight and following anthropometric measurements of the
subject under analysis were taken to complete the
biomechanical model: a) lower limb (ground-greater
trochanter); b) ground-malleolus; c) lateral condyle-greater
trochanter; d) malleolus-lateral condyle; e) fifth metatarsalmalleolus; f) width of the foot; g) length of the foot to the
ground; h) outer distance between the feet. The subject is a
healthy male (w = 80 kg, h = 181 cm, age = 51 years) with
normal BMI (Body Mass Index) 24.4. TABLE II reports his
anthropometric measures. In the model, we use the Tanaka
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formula [13] to compute the HRmax (maximum Heart Rate)
in bpm unit and the HRR (Heart Rate Reserve); we need the
heartbeat as an input value at the beginning of the test with
the resting subject and at the end of the test to compute the
cardiac effort during exercise. The energy expenditure is
evaluated in [METS]. Raw accelerometer data processing
was implemented in Matlab© software suite. Two different
processing methods were compared (Method A and B).
TABLE I. THE C COEFFICIENT CALCULATED USING SWEDISH REFERENCE
DATA FOR NORMAL SUBJECTS;
Speed

Low < 0.90 m/s

Normal [0.90-1.40] m/s

Fast >1.40 m/s

Man

0.2928

0.3422

0.3956

Woman

0.3102

0.3539

0.3994

TABLE II. ANTHROPOMETRIC MEASURES OF THE SUBJECT UNDER
ANALYSIS.
Body Segment

Value [cm]

Body Segment

Value [cm]

a

96

e

14.5

b

12

f

9

c

41

g

30

d

43

h

32

2.3. The Processing Method A
The peaks in raw data were detected by peakdet.m
function [14], using a 5th order pass-band Butterworth filter
(band: 0.5 - 4 Hz). To identify S, we used the peak positions
detected by the previous peakdet routine, applying the
harmonic oscillator model to the original raw signals filtered
with a low-pass 19th order Butterworth filter, with these
cut-off frequencies for each acceleration:
• Antero Posterior acceleration: 6 Hz;
• Vertical acceleration: 7 Hz;
• Medio Lateral acceleration: 8 Hz.
The evaluation of hCOM was carried out by applying a cutoff threshold of 6 cm to the double of maxima amplitude of
COM sinusoidal pattern. The amplitude to be considered in
the model is the length between the maximum and the
minimum for every COM oscillation. The time between two
consecutive vertical peaks is the single step time. In order to
identify the starting step (left or right), the analysis of
mediolateral acceleration was made. The same analysis can
be applied in order to extract the asymmetry of right and left
steps [15]. The kinematic model can extract the following
parameters:
• BMI [kg/m^2];
• cadence [step/min] and frequency [step/s];
• stepping time [s];
• stride's periods [s];
• right and left step's periods [s];
• displacement of COM [m];
• speed [m/s];
• speed for the right and left steps [m/s];
• right and left step lengths [m];
• length of steps [m];
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

incremental distance traveled at each step [m];
pace distances [m];
pace angles [degrees];
pace coefficients of walking efficiency;
number of steps and strides;
sagittal hip angle [degrees];
the first right or left leg support;
base of support both with aids that without [m^2];
width of steps [m];
acceleration peaks at ground support phase [g];
step and stride indices of regularity and symmetry;
total and incremental energy expenditure [METS];
the power spectrum of the accelerometer signal;
maximum heart rate and heart rate reserve;
6MWT predicted normal distance value [m];
report with office format.

2.4. The Processing Method B
Method A is consistent if subject walks with a constant
step, but this is not a normal constrain; if there is a velocity
variation for external causes or other voluntary choices, a
new set of processing filters has to be applied to the
acquired data for the research of peak acceleration and the
relative values. To verify this hypothesis, we carried out a
set of experiments by asking the subject to walk on a
treadmill and progressively increasing its speed (from 0.5 to
1.7 m/s). The same concept could be applied to pathological
patients, walking slower and asymmetrically, such as stroke
patients (walking speed < 0.5 m/s).
This issue was faced in the second approach here proposed
(Method B), as an evolution of Method A.
The peaks of raw signals that identify steps, were detected
by peakdet.m function; the low-pass filter used is different
according to the walking speed:
• at high velocity, a 5th order low-pass Butterworth
filter is applied with the following cut-off
frequencies:
o Antero Posterior acceleration: 1.8 Hz;
o Vertical acceleration: 1.8 Hz;
o Medio Lateral acceleration: 0.9 Hz;
• at low velocity, a 4th order low-pass Butterworth
filter:
o Antero Posterior acceleration: 35 Hz;
o Vertical acceleration: 5 Hz;
o Medio Lateral acceleration: 3 Hz.
To identify S, we used the previous peak identification,
applying the harmonic oscillator model to the original raw
signals filtered by a 19th order Butterworth filter with the
following cut-off frequencies:
o Antero Posterior acceleration: 6 Hz;
o Vertical acceleration: 35 Hz;
o Medio Lateral acceleration: 8 Hz.
We used six different approaches to define hCOM
threshold:
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Mode 0: if we do not know S, the length of the expected
step, hCOM threshold is estimated by the median
of twice the absolute value of the COM amplitude
trend; this value is multiplied by weights that
depend on the average walking speed;
Mode 1: if we know the expected step S, we impose the
hCOM threshold equal to the expected hCOM

TABLE III. METHOD A: REAL AND CALCULATED STEPS AND DISTANCES
VALUES FOR THE SIX TESTS. § ONE STEP IS MISSED.
Steps Step Length
[cm]

Step Length
Accuracy Error %

Distance
[m]

Test

Real
= 52

Real
= 60

Relative

Absolute

Real
= 31.20

Rel.

Abs.

hCOM exp ected = L - L2 - (S / 2)

1

52

59.8 ± 7.6

-0.37%

0.37%

31.08

-0.37

0.37

2

52

56.3 ± 8.4

-6.15%

6.15%

29.28

-6.15

6.15

Mode 2: as in mode 1, but the expected hCOM threshold is
increased of the 20%;
Mode 3: the hCOM threshold is the product of hCOM value
evaluated by linear interpolation and a set of
weight correction factors depending on speeds, so
to matching the value of COM displacement
measured by Orendurff [8], with the expected
COM displacement of the model;
Mode 4: the hCOM threshold is the Lulic’s COM amplitude
[16] with the weights of Mode 3;
Mode 5: the hCOM threshold is 0.6 m.
Through the proper choice of the mode according to
subject’s feature in his/her different scenarios, the model
calculates the correct length values and the number of
strides and steps.

3

52

57.8 ± 8.2

-3.64%

3.64%

30.07

-3.64

3.64

4

51

57.6 ± 6.9

-4.06%

4.06%

29.36 §

-5.91

5.91

5

52

53.5 ± 8.3

-10.78%

10.78%

27.84

-10.8

10.8

2

Distance Length
Accuracy Error %

6

51

57.2 ± 8.1

-4.65%

4.65%

29.18 §

-6.48

6.48

mean

52

57.0

-4.94%

4.94%

29,50

-5,22

5,22

min

51

53.5

-10.78%

0.37%

27,84

-10,78

0,37

max

52

59.8

-0.37%

10.78%

31,08

-0,37

10,78

TABLE IV. MODIFIED METHOD A. THE DATA ARE REAL AND CALCULATED
STEPS AND DISTANCES VALUES FOR THE SIX TESTS. FOR * THE DISTANCE BY
MODEL IS CORRECTED FOR THE ONE STEP MISSED.
Step Length [cm]

Distance [m]
a) Real 31.20
b) Anthropometric 32.21

Step Length
Accuracy Error %

III. RESULTS

Test

Real

Model

c) Model

Relative

Absolute

The step counting obtained from the device was
compared with the true reference value i.e. that one taken
manually by the observing operator.

1

60.00

61.49

31.98

2.49

2.49

2

60.00

58.00

30.16

-3.33

3.33

3

60.00

59.81

31.10

-0.32

0.32

4

60.00

58.08

30.78 *

-3.21

3.21

5

60.00

58.95

30.66

-1.75

1.75

6

60.00

58.84

31.17 *

-1.94

1.94

mean

60.00

59.20

30.78

-1.34

2.17

min

60.00

58.00

30.16

-3.33

0.32

max

60.00

61.49

31.98

2.49

3.33

3.1 The Data Analysis with Method A
The Method A (TABLE III) detected all 52 steps in the test
(1, 2, 3, 5). In the tests (4, 6), 51 steps are detected. The
absolute accuracy error in the measurement of the step
length, ranges from 0.37% to 10.78% with a mean value
4.94%; the absolute accuracy error in the measurement of
the walking total path, ranges from 0.37% to 10.78% with a
mean value 5.22%. The subject covers the path from a
standing start; the first steps are not regular because the
subject is still not in a steady state. If we replace the initial
steps with the next ones, we have a steady state for all the
path. If the high frequencies contribute in the oscillator
modeling, the removal of the low-pass filter during the step
evaluation, should give a better result. The analysis with the
Modified Method A is presented in TABLE IV. The
absolute accuracy error in the measurement of the step
length, ranges from 0.32% to 3.33% with a mean value
2.17%. The error is less that in the original Method A. The
anthropometric distance is evaluated with C coefficient of
TABLE I. With the Method A (TABLE V), the absolute
accuracy error in the walking speed ranges from 0.37% to
10.77% with a mean value 5.55%. The stride and step
frequencies measured are presented in the same table. With
the modified method, A (TABLE VI), the absolute accuracy
error in the walking speed ranges from 0.52% to 3.31% with
a mean value 1.70%.
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The stride and step frequencies measured are presented in
the same table. The error is less that in the original Method
A. In the Method A (TABLE VII), the absolute error in the
COM amplitude versus expected ranges from 1.04% to
18.92% with a mean value 11.05%. In the Modified Method
A (TABLE VIII), the absolute error in the COM amplitude
versus expected ranges from 0.18% to 5.92% with a mean
value 3.88%. The Modified Method A is good: all steps are
detected, except in some tests where one is missed, and the
accuracy error is acceptable. We have the need for a
development of this method for a better detection of all
steps and for a more flexible tool to analyze data: the
Method B.
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TABLE V. METHOD A. TIMES, VELOCITIES, STRIDES, STEPS AND
ACCURACY VELOCITY ERROR ARE PRESENTED FOR THE SIX TESTS.

TABLE VIII. MODIFIED METHOD A. EVALUATION OF THE COM AMPLITUDE
DURING THE SIX TESTS.

§ FAILURE RECOGNITION OF ONE STEP.
Time [s]
Test

Speed [m/s]

COM Amplitude [cm]

Accuracy Speed
Error %

Frequency

Mean Versus Expected Error %

Test

Min

Max

Mean

Expected

Relative

Absolute

3.35

6.00

5.09

4.81

5.92

5.92

Real

Model

Rel.

Abs.

[Stride/s]

[Step/s
]

1
2

2.04

6.00

4.55

4.81

-5.39

5.39

1

32.68

0.9547

0.9512

-0.37

0.37

0.80

1.59

3

2.50

6.00

4.82

4.81

0.18

0.18

2

31.49

0.9907

0.9298

-6.15

6.15

0.83

1.65

4

2.57

6.00

4.54

4.81

-5.63

5.63

3

30.56

1.0209

0.9837

-3.64

3.64

0.85

1.70

5

3.67

6.00

4.66

4.81

-3.10

3.10

4

31.06

1.0044

0.9451 §

-5.90

5.90

0.80

1.64

6

2.84

6.00

4.66

4.81

-3.03

3.03

5

31.95

0.9764

0.8712

-10.77

10.77

0.81

1.63

mean

2.83

6.00

4.72

4.81

-1.84

3.88

6

29.84

1.0455

0.9777 §

-6.48

6.48

0.84

1.71

min

2.04

6.00

4.54

4.81

-5.63

0.18

mean

31.26

0.9988

0.9431

-5.55

5.55

0.82

1.65

max

3.67

6.00

5.09

4.81

5.92

5.92

min

29.84

0.9547

0.8712

-10.77

0.37

0.80

1.59

max

32.68

1.0455

0.9837

-0.37

10.77

0.85

1.71

TABLE VI. MODIFIED METHOD A. TIMES, VELOCITIES, STRIDES, STEPS
AND ACCURACY VELOCITY ERROR ARE PRESENTED FOR THE SIX TESTS.
Time [s]
Test

Speed [m/s]

Accuracy Speed Error %

Frequency

Real

Model

Rel.

Abs.

[Stride/s]

[Step/s]

1

33.77

0.9240

0.9546

3.31

3.31

0.77

1.54

2

32.78

0.9518

0.9331

-1.96

1.96

0.79

1.59

3

32.35

0.9644

0.9712

0.71

0.71

0.80

1.61

4

32.09

0.9724

0.9475

-2.56

2.56

0.81

1.62

5

33.05

0.9439

0.9390

-0.52

0.52

0.79

1.57

6

31.69

0.9846

0.9732

-1.16

1.16

0.82

1.64

mean

32.62

0.9568

0.9531

-0.36

1.70

0.80

1.60

min

31.69

0.9240

0.9331

-2.56

0.52

0.77

max

33.77

0.9846

0.9732

3.31

3.31

0.82

Test

Min

Max

Mean

Step Length
[cm]

Test

Real
= 52

1.54

1

1.64

2

Mean Versus Expected Error %

Expected

Relative

Absolute

1

1.50

6.00

4.86

4.81

1.04

1.04

2

0.82

6.00

4.32

4.81

-10.19

10.19

3

1.25

6.00

4.55

4.81

-5.41

5.41

4

0.91

6.00

4.49

4.81

-6.65

6.65

5

0.39

6.00

3.90

4.81

-18.92

18.92

6

0.61

6.00

4.46

4.81

-7.28

7.28

mean

0.91

6.00

4.30

4.81

-10.71

11.05

min

0.39

6.00

3.09

4.81

-18.92

1.04

max

1.50

6.00

4.86

4.81

1.04

18.92
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TABLE IX. METHOD B. MODE 5. REAL AND CALCULATED STEPS AND
DISTANCES VALUES FOR THE SIX TESTS. THE METHOD B WITH MODE 5 IS
USED FOR DATA PROCESSING.
Steps

TABLE VII. METHOD A. EVALUATION OF THE COM AMPLITUDE DURING
THE SIX TESTS.
COM Amplitude [cm]

3.2 The Data Analysis with Method B
The Method B (TABLE XI) detected all 52 steps in every
test. We do not yet used the correction for steady state but if
we did, the results will be better. By using Mode 5, the
absolute accuracy error in the measurement of the walking
total path, as well as the step length (error is the same),
ranges from 0.27% to 6.31% with a mean value 3.00%.
With this modality, the relative values are both positives and
negatives.

Step (and Distance) Length
Accuracy Error %

Distance
[m]

Real
= 60

Relative

Absolute

Real
= 31.20

52

63.8 ± 5.2

6.31

6.31

33.17

52

60.2 ± 7.5

0.27

0.27

31.28

3

52

60.9 ± 7.8

1.52

1.52

31.67

4

52

60.4 ± 6.2

0.71

0.71

31.42

5

52

57.0 ± 7.5

-4.98

4.98

29.65

6

52

62.5 ± 7.5

4.22

4.22

32.52

mean

52

60,8

1,34

3,00

31.62

min

52

57,0

-4,98

0,27

29.65

max

52

63,8

6,31

6,31

33.17

By using Mode 1 (TABLE X), the absolute accuracy error
in the measurement of the walking total path, as well as the
step length (error is the same), ranges from 1.58% to 6.80%
with a mean value 3.72%. The Mode 1 underestimates the
step length in every test. We can think of using a special
correction factor to correct this underestimation to have
more accuracy. This allows the definition of the proper
filtering to be adopted by the two processing methods.
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TABLE X. METHOD B. MODE 1. REAL AND CALCULATED STEPS AND
DISTANCES VALUES FOR THE SIX TESTS.
Steps

Step Lenght
[cm]

Step (and Distance) Length
Accuracy Error %

Distance
[m]

Test

Real= 52

Real= 60

Relative

Absolute

Real=
31.20

1

52

59.1 ± 3.4

-1.58

1.58%

30.71

2

52

57.1 ± 5.5

-4.84

4.84%

29.69

3

52

58.0 ± 6.4

-3.32

3.32%

30.17

4

52

58.1 ± 4.7

-3.21

3.21%

30.20

5

52

55.9 ± 6.5

-6.80

6.80%

29.08

6

52

58.5 ± 6.1

-2.55

2.55%

30.40

mean

52

57.8

-3.72

3.72%

30.04

min

52

55.9

-6.80

1.58%

29.08

max

52

59.1

-1.58

6.80%

30.71

In the two conditions 1) and 2) the BMI of the subject was
very different. In the trial repetitions of the first protocol
(six tests of a single healthy subject) and their data
processing, is demonstrated that the model produced the
expected values with very good accuracy. The use of
coefficients C for evaluating Smean (mean anthropometric
step length) carry out a good reference, but is not the
measured value S by the model. In the Method A, non-all
the steps are detected (one step is lost in two tests), but if the
filter is changed as in the Method B, the 100% of the 52
steps are detected. In the Modified Method A, the absolute
accuracy error in the measurement of the step length, ranges
from a minimum 0.32% to a maximum 3.33% with a mean
value 2.17%; in the Method B, it ranges from a minimum
0.27% to a maximum 6.31% with a mean value 3.00%.
These values do not yet use the correction for the steady
state (used by Modified Method A), but if we did, the
results should be better, so the equivalent values of the
Method A to be compared are the minimum 0.37%, the
maximum 10.77% and the mean value 5.55%. The Method
B is better and more flexible. The parameters extracted by
the model are very complete, but should be compared with
the gold standard values using appropriate protocols.
Preliminary reliability of both methods is more than good.
This first validation is now followed by a protocol
application on a wider population of healthy subjects and
post stroke patients, to validate also its clinical application.
The tests with an electronically controlled treadmill are
carried out on healthy subjects following the dedicated
protocol. We are also investigating the clinical applicability
of the approach on a group of stroke patients undergoing
rehabilitation programs. The tests performed are the 10m
test at low and high walking speed, the 6MWT and the
TUG. A control group of healthy subjects is considered. The
expectation is to develop a dedicated tool for supporting
diagnosis and rehabilitation. This will also allow for
investigation of model sensitivity in detecting the gait
parameters improvements.
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Abstract—This paper describes the proposal of a validation
procedure to assess the reliability of wearables systems.
According to the two main categories of devices we have defined
an integrated experimental protocol composed by two parts: the
first one applies to sensorized garments or similar devices (also
including belts or patches) while the second part is dedicated to
body worn activity trackers like smart bracelets or smart
watches, belt-worn devices, sensors embedded in necklace or
other garment accessories. This protocol applied a sequence of
real life activities and posture changes to be properly identified
in value and in time. It has been applied to the case study of the
sensors developed and used in the frame of the Pegaso Fit 4
Future EU project. This test has demonstrated the protocol
feasibility, applicability, easy to use and easy data processing
and its sensitivity. We are adopting this protocol as standard
procedure in any further study regarding the reliability
assessment of wearable devices.
Keywords-wearable systems; validation protocol; reliability;
accuracy; real life testing.

I.

INTRODUCTION

In the last years, a worldwide spreading category of
devices used in sport, fitness and also healthcare are wearable
systems [6]. Wearable devices are a popular and growing
market for monitoring physical activity, sleep, and other
behaviors [2]. In particular, for healthcare applications,
activity trackers like wrist-worn systems (bracelets) or similar
devices are now in progress, but this requires a deep and
structured reliability analysis of their performances before
their deployment into clinical practice. Several studies are
ongoing [2], each using its own protocol. For this reason, and
to methodologically have the opportunity to compare
homogeneously these technologies, we have decided to study
and propose a dedicated standard protocol for reliability
assessment here described.
The paper is divided into two sections: Section 2 highlight
the experimental protocol underlining the difference between
the first part (static test) and the second one (dynamic test).
Section 2 continues with the explanation of the wearable
sensors tested and closes with reporting the validation
procedure and parameters. Section 3 reports the results on
both testing procedure and the application of this on specific
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wearable device. Then Section 4 ends the paper with the
conclusion and future development.
II.

MATERIALS & METHODS

A. Experimental protocol
The experimental protocol is methodologically based onto
a paired video and bio-signal acquisition during different
postural tasks in controlled environment and locomotion
(walking and running) at different velocities on treadmill
(Woodway Inc., USA). The video is recorded by a digital
camera with lateral acquisition of subject. The subjects
followed a supervised protocol divided in two parts (protocol
part I and part II), with the aim of testing the capability of the
sensor to recognize body position changes and transitions
from rest to activity and vice-versa (protocol part I) and to
detect gait and speed of locomotion together with kinematic
parameters, during activities on treadmill ranging from
sedentary to vigorous intensity physical activity (part II).
The experimental activity is to be conducted in controlled
conditions during different postural tasks and locomotion on
treadmill with simultaneous video-recording.
A methodologically coherent subject sample, different in
age, sex and anthropometry, has to be properly selected.
a) Part I
The first part of the protocol (Part I) is specifically
dedicated to assess the capability of the systems to detect
posture, its transitions and the related activity level through
HR (heart rate). The first part of the protocol (Part I) consists
of 10 postural tasks (phase from 1 to 10). More precisely, there
is a sequence of postural transitions alternating phases of
resting (lying, standing and sitting) and walking/running
phases. The overall Part I protocol is described in the
following table I.
Contextually, the video of the experiment is recorded by a
digital camera with lateral acquisition of the subject.
The assessments indexes are activity recognition, posture
recognition and computational time.
a) Part II
Instead, the second part of the protocol (Part II) is
specifically designed for assessing the reliability of systems
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during the progressively increase of activity level. It consists
of 10 stages (phase from 1 to 10).
TABLE I.
Phase
no.

PROTOCOL PART I

Wearable validation protocol – Part I
Activity description

Posture

1

20 seconds sitting

2

20 seconds resting with arms at the sides

standing

3

20 seconds walking onto a treadmill

standing

4

30 seconds running onto a treadmill

standing

5

10 seconds sitting

6

20 seconds lying onto the back

7

20 seconds lying onto the right side

8

20 seconds lying onto the left side

9

20 seconds lying onto the belly

10

20 seconds resting with arms at the sides

TABLE II.
Phase
no.

sitting

sitting

PEGASO Fit 4 Future [3]. In the PEGASO project, the sensors
system is composed by 2 elements (Figure 1):
• a sensorized t-shirt (male version) or bra (female
version) including a pair of textile electrodes and
mounting at the chest level a device named WES
capable of recording and/or transmitting 1 ECG lead
and 3D accelerations of the trunk.
• an activity tracker consisting in a smart bracelet
named WWAT and integrating a 3D accelerometer to
monito human kinetics. The WWAT embedded
algorithm computes the steps number, the activity
(resting, walking, cycling, running, swimming and
sleeping) through. Energy expenditure is estimated
too.

lying (supine)
lying (right)
lying (left)
lying (prone)
standing

PROTOCOL PART II

Wearable validation protocol – Part II
Activity description

Posture

1

Rest sitting for 30 seconds

sitting

2

Rest standing for 30 seconds.

standing

3

Walking at 2 km/h for 30 seconds

walking

4

Walking at 3 km/h for 30 seconds

walking

5

Walking at 4 km/h for 30 seconds

walking

6

Walking at 5 km/h for 30 seconds

walking

7

Walking at 6 km/h for 30 seconds

walking

8

Running at 6 km/h for 30 seconds

running

9

Running at 7 km/h for 30 seconds

running

10

Running at 8 km/h for 30 seconds

running

11

Running at 9 km/h for 30 seconds

running

More precisely, it consisted of 120s of resting (standing
and sitting), 150s of walking and 120s of running. The subject
carries out the following experimental procedure on a
treadmill: from standing to running at 9 km/m then stop and
recovery. The overall Part II protocol is described in table II.
Also in this case, contextually, the video of the experiment
is recorded by a digital camera with lateral acquisition of the
subject. The video of the subject’s trial allows for the retrieval
of the true values of the computed parameters (activity, steps,
cadence, etc.) along with the acquisition.
B. Wearable system
To apply the protocol on a specific healthcare application we
decided to adopt the sensors developed in the EU project
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Figure 1: The PEGASO sensor system
.

C. Validation parameters, citeria and indexes
According to the device differences, we have identified to
different analyses that can be conducted on corresponding
data.
a) Part I and Part II, devices with ECG/Heart Rate
measurement
All the signals have to be processed to compute the
following three values for each phase:
- Activity recognition (0=N, 1=Y),
- Posture recognition (0=N, 1=Y),
- Computational time (0 = time > 3 sec for activity and
posture recognition, 1 = time <= 3 sec for activity and
posture recognition).
The test is passed if the overall score is equal or greater
than 90% during the complete test.
All the signals have to be processed to compute the beatto-beat HR with standard algorithms. The values of HR
recognition are 0=N and 1=Y. METs (Metabolic Equivalent
of Task) estimated from sensor, are compared with values
obtained with ACSM (American College of Sports Medicine)
metabolic equations for walking/running [4]. The test is
passed if the overall score is equal or greater than 90% during
the whole test.
Analysis of video-recording, is carried out through
Advene, an open source software (Advene, Lyon, France) [5],
providing a model and a format to share annotations about
digital video documents, as well as tools to edit and visualize
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Figure 2. Example of the video-recording data visualization and values together with relative annotations in the Advene software.

the hyper videos generated from both the annotations and the
audiovisual documents [7]. An example of the processing
procedure of the video-recordings is shown in Figure 2.
b) Part I and Part II, devices with human kinetics
measurement only
All the signals have to be processed to compute the
following three values for each phase:
- Activity recognition (0=N, 1=Y),
- Posture recognition (0=N, 1=Y),
- Computational time (0 if time > 3 sec for activity and
posture recognition, 1 if time <= 3 sec for activity and
posture recognition).

raw ECG (blue) and zero-phase FIR filtered ECG (red)

This general test is passed if the overall score is equal or
greater than 90% during the complete test.
More in detail data are processed in order to verify the
correct step identification, count and categorization according
to the different activities and/or speed. Also in this case, the
test is passed if the overall score is equal or greater than 90%
during the complete test. The analysis of video-recording,
through Advene, provides the true and reference values.
The experimental activity was conducted in the
Laboratory of Biomechanics "Franco Saibene" (Istituto di
Bioimmagini e Fisiologia Molecolare del CNR, Segrate,
Milan, Italy) in controlled conditions during different postural
tasks and locomotion on treadmill with simultaneous videorecording.
Heart-rate

20160307_155346_PegasoWES141_0x00040009
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Figure 3: Data comparison for indexes computation: (a) raw signals and related offline processing with standard algorithms, (b) 5-sec average HR computed
by WES system.
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10 subjects took part in the Part I and Part II experiments
for the test of the sensorized garment and the WES device.
Their anthropometric data are reported in Table III. Three
subjects applied the Part II of the protocol to assess its proper
feasibility and reliability on the WWAT device (smart
bracelet): they are the subjects no. 1, 8, and 9 in the same
Table III.
The study was approved by the competent Institutional
Review Board. Subjects were properly informed about testing
procedures, personal data treating, and aims of the research,
and they provided informed written consent before
participation.
III.

steps. These data show that WES sensors are reliable and
accurate in their measurements, appropriately for the
applications they are design to be used for.
TABLE IV.

VALIDATION

Percentual Accuracy
Condition

RESULTS

The results of this study can be divided into two sections:
the first one relates to the assessment of the method itself in
terms of its sensitivity, feasibility and robustness; the second
set of results is about the reliability assessment of the sensors
used in the PEGASO project.
TABLE III.

DATA OF SUBJECTS PARTICIPATING IN WEARABLE DEVICE
VALIDATION

Subj.
no.

sex

Subjects recruited in the validation protocol
Age
heigth
weigth
(yrs)
(m)
(kg)
garment
BMI

1

M

47

1,860

105,2

t-shirt

30,41

2

F

33

1,555

56,2

bra

23,24

3

F

33

1,665

52,9

bra

19,08

4

F

34

1,570

53

bra

21,50

5

F

33

1,685

68,9

bra

24,27

6

M

53

1,730

68,8

t-shirt

22,99

7

M

33

1,780

85,6

t-shirt

27,02

8

F

29

1,710

64,5

bra

22,06

9

M

51

1,815

79,6

t-shirt

24,16

10

M

63

1,745

68,7

t-shirt

22,56

A. Methodological results
The protocol we designed try to answer in an integrated
test to all the parameters a wearable device is usually designed
for. It is robust and sensitive to raw and processed temporal,
kinematic and cardiac data. The validation indexed and
intuitive and easy to be computed, as well as they are
representative of the needed accuracy assessment.
The application case study demonstrated its good
applicability and repeatability in a standard sample size of 10
subjects.
B. Results of the protocol on the reliability of the PEGASO
Sensors system
The WES sensors have a mean accuracy of 99%±2% in
the first part and 93%±7% in the second part; moreover 7
subjects on 10 had an accuracy of 100% in the detection of
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DATA OF SUBJECTS PARTICIPATING IN WEARABLE DEVICE

Speed
(km/h)

Total

walk/run

walk

2

65,85%

45,05%

walk

3

18,00%

9,36%

walk

4

10,54%

3,45%

walk

5

12,08%

3,54%

walk

6

12,98%

3,54%

run

6

9,23%

0,97%

run

7

9,26%

0,88%

run

8

9,23%

0,80%

run

9

8,55%

7,26%

Average

17,30%

8,32%

St.Dev

0,18

0,14

The WWAT bracelets presented the results shown in table
IV. Algorithms refinement for low speed step detection was
identified as needed.
IV.

CONCLUSIONS

This study aims at setting up a standard protocol for
wearable sensor validation before their introduction in
research projects. This has particular relevance when clinical
applications of wearable sensors have been carried out. The
protocol we have defined is up-to-date with current
technologies and their applications. The results showed both
methodologically and for its application a good performance
in usability and outcomes. Further application will confirm
these findings and other developments could be done for
specific detail of garments or activity trackers depending on
peculiar applications.
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Abstract—In the context of European funded FrailSafe project,
to enhance the clinical data collection processes in
geographically distributed trials centers, an eCRF software
platform has been designed and implemented. The most
important features are synthetically described.
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I.

INTRODUCTION

The Case Report Form (CRF) may be defined as “a
printed, optical or electronic document designed to record all
of the protocol” [1]. Extending this definition, a CRF could
be described as a tool designed to collect data about a patient
state during a clinical trial, e.g., the patient information, the
measurements and others. It represents a significant
instrument for the performance of a clinical trial and its
efficiency could positively affect the success of a medical
research.
CRF is designed for improving the collection of data in
compliance with a research protocol and with regulatory
requirements. Moreover, the researchers should be able to
test the hypothesis or answer the trial related questions. A
CRF represents suitably the essential contents of the defined
research and study protocol.
A flexible eCRF has been implemented for FrailSafe
project to provide the partners devoted to clinical research of
such features.
II.

FRAILSAFE ECRF

In the current global scenario of FrailSafe project, the
development of an electronic CRF (also known as eCRF) has
been preferred over a usual paper CRF for the following
benefits:
• Eliminate unnecessary duplication of data.
• Reduce the possibility for transcription errors.
• Encourage entering source data during a subject’s
visit, where appropriate.
• Eliminate transcription of source data prior to entry
into an eCRF.
• Facilitate remote monitoring of data.
• Promote real-time access for data review.
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•
•
•

Facilitate the collection of accurate and complete
data.
Possibility to have auto generated data (test results,
calculate formulas, etc.).
Easier data export and data analysis.

As mentioned above, the eCRF aims to support the
clinical researchers during the trials by providing them a web
application (appearing in this case as a plain website)
through which tracking and managing the process of visiting
the participants and enhancing the related data collection, as
depicted in Figure 1.
With the objective of supporting the trial processes in
mind some functional features are needed.
These are:
• Users Management.
• Participants Management.
• Trials Management.
• Devices Management.
• Data Collection.
For enhancing the quality, the reliability, the usability
and the security to reach the common goal, some other
aspects of the application have been taken into consideration
while designing the software.
They are detailed in the following sub-paragraphs.
A. Cross-platform and Multi-device
The eCRF is a web application. This means it behaves
and looks like a common website and that it can be used
through any simple web browser (e.g., Chrome, Firefox,
Internet Explorer, Safari and Opera); thanks to that, it is
immediately available on every device providing a web
browser and an Internet connection (laptop, smartphone,
tablet, etc.), not needing any further technical requirements.
A mobile-first approach has been followed in the design of
the UIs.
B. Authentication and Encryption of Data
Security is guaranteed through the usage of
authentication means, i.e., a username and a password are
needed for accessing to the application and its resources –
and through data encryption. Data is encrypted before being
stored on database and, in communication, a standard
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protocol for secure communication over a computer network
is adopted to protect the privacy and the integrity of
exchanged data.
C. Data quality
In the eCRF, the clinical staff collects the patient
information during the trial in the same ways and means as if
doing it on paper - that is through questionnaires, forms, etc.
– but displayed instead on a device screen. During the data
addition or before saving, the system checks the coherence of
the data and in case something is not correct it helps the user
with feedbacks. For example, the participant information
cannot be inserted in the system if all the mandatory fields
are not filled or it is not allowed to type characters in a field
that is a measurement value, etc.
D. Multilanguage
The eCRF system, for the FrailSafe project, is used in
three different countries (France, Greece, Cyprus); so the
system can support the different languages to help the
clinical staff and the participants to avoid translation errors
or misunderstandings during the trials execution.
III.

CLOUD INFRASTRUCTURE

For guaranteeing a perpetual availability of the system to
the clinical staff, the eCRF is hosted on remote servers. On
these latter the collected data, thus, are stored securely and
can be used by the system and by the researchers to succeed
in the medical research carried on by FrailSafe.

Moreover, the efficiency and the security of the system
rely on a number of Cloud services and features.
IV.

CONCLUSIONS

In conclusion, this web application is designed and
implemented for assessing correctly the objectives of the
project and of the related medical research. Moreover, it is
worthy to add that the designing and the implementation of
the eCRF has been an important experience for those having
contributed to its design and implementation. It proved to be
a good example of interdisciplinary and collaborative
production of a technological tool. It has seen the close
participation of clinical and ICT partners, from different
countries, making them willingly and passionately working
together to reach a common goal, i.e., implementing the
clinical trial protocol by the mean of an ICT instrument –
showing evidently the benefits of sharing different
backgrounds and skills.
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Figure 1. Main Clinical Staff dashboard
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