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Objectives: This research is concerned with the study of a new social-network platform, which (1) provides
people with disabilities of neurological origin, their relatives, health professionals, therapists, carers and
institutions with an interoperable platform that supports standard indicators, (2) promotes knowledge
democratization and user empowerment, and (3) allows making decisions with a more informed opinion.
Methods: A new social network, Circles of Health, has been designed, developed and tested by end-users.
To allow monitoring the evolution of people’s health status and comparing it with other users and with
their cohort, anonymized data of 2675 people from comprehensive and multidimensional medical evalu-
ations, carried out yearly from 2006 to 2010, have been standardized to the International Classification of
Functioning, Disability and Health, integrated into the corresponding medical health records and then
used to automatically generate and graphically represent multidimensional indicators. These indicators
have been integrated into Circles of Health’s social environment, which has been then evaluated via expert
and user-experience analyses.
Results: Patients used Circles of Health to exchange bio-psycho-social information (medical and other-
wise) about their everyday lives. Health professionals remarked that the use of color-coding in graphical
representations is useful to quickly diagnose deficiencies, difficulties or barriers in rehabilitation. Most
people with disabilities complained about the excessive amount of information and the difficulty in inter-
preting graphical representations.
Conclusions: Health professionals found Circles of Health useful to generate a more integrative under-
standing of health based on a comprehensive profile of individuals instead of being focused on patient’s
diseases and injuries. People with disabilities found enriching personal knowledge with the experiences
of other users helpful. The number of descriptors used at the same time in the graphical interface should
be reduced in future versions of the social-network platform.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

A disease or injury may have multiple disabling effects of vari-
ous levels of severity, and cause varying degrees of health prob-
lems. The global burden of disease (GBD) links average loss of
health to disease and injury’s causes through disability-adjusted life
years (DALYs) [1] and disability weight factors. The DALY extends
the concept of potential years of life lost due to premature death
to include equivalent years of healthy life lost by virtue of being
in states of poor health or disability. The weight factor reflects
the severity of the disease on a scale from 0 (perfect health) to 1
(death). The term disability has a number of different meanings
and, in particular, is not seen by some as a synonym or proxy for
loss of health. However, the World Health Organization (WHO) uses
the term disability to refer to loss of health, where health is concep-
tualized in terms of functioning capacity in a set of health domains
such as mobility, cognition, hearing and vision, and we adopt this
use for the term. According to the WHO, of the world’s population
of 6.5 billion in 2004, 19 million (3%) were severely disabled and
another 80 million (12%) had moderate longterm disability, which
is a barrier for personal development as well as social integration.
People with disabilities of neurological origin are mainly people
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Table 1
Comparison of existing tools which integrate bio-psycho-social information in the healthcare domain.

Tool Data Interope-rability based on: Social Graphical representation of:

Circles of Health MHR Ontology Yes Individuals and population
Patients Like Me [26] Patient health record (PHR) No Yes Individuals and population
I’m too young for this [29] Text No Yes Individual
Forumclinic [30] Text No Yes Individual
Vivu [31] Text No Yes Individual
HealthVault [32] PHR Continuity of care record Yes Individual
Aptic [28] Text No Yes Individual
Mora et al.’s middleware [17] MHR Ontology No No

Table 2
Questionnaires administered in the PCE, indicating the profile to whom they are administered and if people can self-administer them.

Questionnaire Profile Self-
administer

Institut Guttmann social scale (ESIG), Personal well being index (PWI), Community integration questionnaire (CIQ) SCI and
ABD

Yes

Craig Hospital inventory of environmental factors (CHIEF), Hospital Anxiety and depression (HAD), Patient health questionnaire (PHQ9),
WHO quality of life questionnaire (WHOQOL)

SCI Yes

Functional independence measure (FIM), Spinal cord injury measure (SCIM), ASIA scale SCI No
Patient competency rating scale (PCRS) ABD Yes
Behavioral scale, PCRSi (informer), Rancho scale levels of cognitive functioning, Barthel index, Disability rating scale (DRS), Extended

Glasgow outcome scale (GOSE)
ABD No

Table 3
Patient’s data from MHR.

Descriptor Value

Number of people 2675
Frequency Yearly
Range of years 2006–2010
Number of people with SCI 1815
Number of people with ABD 860
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with spinal cord injuries (SCIs) and people with acquired brain dam-
age (ABD). SCIs correspond to classes S14.0-S14.1, S24.0-S24.1,
S34.0-S34.1 and T09.3 of the international classification of diseases
version 10 (ICD-10) [2], while ABD (which includes non-traumatic
ABD or stroke, and traumatic brain injury), corresponds to classes
I60-I69 of the ICD-10. In Catalonia (Spain), 50% of people with trau-
matic SCI are 16–30 years old; and 60% of the ones with traumatic
brain injury (TBI) (the most common cause of ABD, mostly due to
road traffic accidents) are younger than 25 [3]. It is reasonable to
assume that similar figures are valid in general for high-income
countries.

Because a relevant percentage of people with disabilities of neu-
rological origin is young and, supposedly, used to social networks,
in their broadest definition, these networks may be adapted or
made accessible to these people, and then used to generate a posi-
tive impact on their health [4]. Furthermore, previous research [5]
suggests that a significant number of patients with disabilities of
neurological origin would benefit from accessible information that
is relevant to them, and social networks can be providers of such
information.

The objectives of the research described in this paper are:

� To provide stakeholders (people with disabilities, their family,
health professionals and therapists, carers and institutions) with
the Circles of Health social-network platform from now on Circles
of Health, aimed at supporting multicenter studies using standard
indicators. These multicenter studies use a data set that is col-
lected periodically and forms the basis of rehabilitation pro-
cesses. Standardized, multidimensional indicators are
automatically and dynamically collected, transformed, repre-
sented and shared.
� To promote knowledge democratization, user empowerment and

making decisions with a more informed opinion, with Circles of
Health that allows people to monitor their evolution and compare
with others, and which is not limited to people with disabilities
(participation of other stakeholders is encouraged). This facilitates
the e-inclusion of people with disabilities of neurological origin.

The rest of the paper is organized as follows. In this section,
some background is provided on Circles of Health, the generation
of indicators, knowledge democratization and user empowerment.
Section 1.1 presents the people with disabilities’ data used for the
study and the users of Circles of Health. Section 2 describes techni-
cally Circles of Health and the methods for its evaluation. Section 3
describes Circles of Health functionalities and results of its evalua-
tion. Section 4 discusses results obtained and usefulness; and fu-
ture work is detailed at Section 5. Finally, conclusions are drawn
in Section 6.
1.1. Circles of Health

In Qvidlab framework [6] carried out at Institut Guttmann, a
committee of experts in sociology, psychology, neuropsychology,
social work and neurorehabilitation from several institutions
identified a set of evaluation questionnaires for describing the
bio-psycho-social profile of SCI and brain-injury people, which
are the core of periodic, comprehensive evaluations (PCEs). This led
to an improvement of the information about the problems of
people with disabilities, which can have an impact on new laws,
decision policies, knowledge democratization, and promotion of
research and funding.

In addition, a Ministerial European Conference [7] identified the
following needs: (1) achieving the inclusion of each and every indi-
vidual and community in each and every aspect of the information
society; (2) achieving a level of access to information that leads to
knowledge democratization and user empowerment; (3) building a
global community of support to allow immediate access to



Fig. 1. Architecture of the automatic generation of multidimensional indicators.

1008 L. Subirats et al. / Journal of Biomedical Informatics 46 (2013) 1006–1029
resources for people with disabilities an other people in a similar
situation so as to encourage them to talk openly about their prob-
lems and help to: avoid isolation, alleviate suffering, and build and
cement relationships.

Following the idea of using social networks to understand bet-
ter the specific problems faced by people with certain illnesses or
disabilities and to facilitate e-inclusion of people with disabilities
of neurological origin, this study develops Circles of Health, which
allows belonging to a community of people associated by the
same problem, with whom to share knowledge and experiences.
Furthermore, Circles of Health allows people with disabilities to
monitor their individualized, standardized, multidimensional
health indicators, extracted from medical health records (MHRs)
or online self-administrable questionnaires, and compare them-
selves with other people in similar situations. In addition, Circles
of Health provides personalized access to resources (about medi-
cal advances, symptoms, financial support and volunteering)
supervised by professionals of healthcare institutions. Circles of
Health is centered on people with disabilities of neurological ori-
gin, but it also includes other stakeholder. In fact, users of Circles
of Health are all people interested in disability, and more
specifically:

� People with disabilities, who will be able to access personalized
representations of indicators about themselves and people like
them, and share information in a social environment: popula-
tion representations are automatically personalized allowing
them to compare themselves to people with similar personal
factors, such as disease, cause of disease and lesion level. A real
scenario would be the following. Pol is a man who suffered an
accident 47 years ago while driving to Barcelona. Pol’s accident
resulted in paraplegia with a severe lifelong disability, which
changed his life dramatically. After finishing his rehabilitation
in Institut Guttmann, he returned to his hometown, but once
a year he returns to Institut Guttmann to perform PCE. At home
he does not meet new people who share his problems. Further-
more, he finds it difficult to access updated and reliable infor-
mation from experts. For this reason, he is very enthusiastic
when he finds out about Circles of Health and he starts looking
at his bio-psycho-social information.
� The family of people with disabilities, who has, depending on

the disability, a different degree of access to resources.
� Health professionals, such as doctors, psychologists, neuropsy-

chologists, psychotherapists and social workers, who will be
able to administer questionnaires, and access individual and
population representations of indicators. They will be able to fil-
ter population representations by disease, cause of disease,
lesion level and gender.
� Healthcare institutions, which will be able to: (1) access popula-

tion representations of indicators and read and share information
in a social environment; (2) filter population representations by
disease, cause of disease, lesion level and gender.

Circles of Health intends to set up easy-to-use communication,
participation and access to information to people who suffer from a
disability of a neurological origin. Table 1 shows a comparison
between Circles of Health and existing tools which integrate
bio-psycho-social information in the healthcare domain.
1.2. Generation of interoperable, multidimensional indicators

Today, most healthcare organizations systematically collect rel-
evant information derived from each clinical event in their MHRs
[8]. An MHR is a set of both written and graphical documents,
referring to information on health and illness of a patient, and on
the healthcare activity related to this information, stored in elec-
tronic form. Therefore, a MHR can be associated to the concept of
a patient’s profile and is taken into account in the identification
of the necessary and sufficient indicators to describe patients’
health status. Questionnaires (sometimes self-administered) are
often used to gather part of the information on the status of a pa-
tient or an activity; are in general validated by a healthcare institu-
tion; and then are stored in MHRs. Questionnaires are usually
tailored to specific problems or patients. Moreover, their selection



Fig. 2. Flow diagram of the automatic generation of multidimensional indicators.

Fig. 3. Interaction of healthcare institutions in the automatic generation of
multidimensional indicators.
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depends on cultural aspects, organizations and countries. Conse-
quently, there are often different, conflicting instruments for cap-
turing the same type of information, with a consequent lack of
interoperability. Minimum standardized data sets exist, called core
sets, but their introduction implies changes in the way each orga-
nization represents knowledge, and changes in established proto-
cols for patient’s assessment may be costly. Furthermore,
changes in assessment tools often result in the loss or devaluation
of historical MHRs, so that organizations can be reluctant to
change. Core sets have been created as a selection of indicators
of international standards such as the International Classification
of Functionality, Disability and Health (ICF) [9] or the Systematized
Nomenclature of Medicine – Clinical Terms (SNOMED CT) [10], rele-
vant to patients affected by specific diseases. Specific studies exist
about SCI and ABD core sets [11–13] and about putting ICF into
practice [14].

Currently, the monitoring of a patient’s health status and evolu-
tion is based on a bio-psycho-social model, in which the physical,
psychological and social aspect of the patient and environmental
factors are considered as facilitators or barriers (see, for example,
Schalock and Verdugo’s model [15]). Implementations of multidi-
mensional, standard-based bio-psycho-social indicators have been
proposed [16], but they lack the automatic aggregation and the
monitoring of the generated information. Recently a unified view
of a federated environment of multi-scale biomedical data sources
has been introduced [17,18]. Nevertheless, they do not deal with



Fig. 4. Ontological representation of people who has SCI.

1010 L. Subirats et al. / Journal of Biomedical Informatics 46 (2013) 1006–1029
the particularities of the ICF standard (which require a normaliza-
tion of both attributes and values), the integration with MHRs, nor
the integration of several standards, such as ICF and SNOMED CT.
Although relationships of the concepts of ICF have been explored
[19], an implementation of automatic generation of interoperable
and multidimensional data has not been provided.
1.3. Social environment for knowledge democratization and user
empowerment

The adoption of information and communication technologies
(ICTs) is one of the aspects which will link the e-inclusion of the
person with his empowerment. New technologies (and especially
the Internet) can facilitate the creation of a communication envi-
ronment that enables knowledge democratization, empowerment
[20] and participation. Currently, there is a lack of visual and per-
sonalized comparison involving individuals and populations,
showing personal factors and their evolution in an indicator-driven
representation, although there are already some initiatives for rep-
resenting semantic similarity in biomedical ontologies [21] and for
extracting knowledge from data sets over time [22]. This poten-
tially involves the comparison of the functioning of a patient (rep-
resented by ICF) with anonymous people with similar factors such
as disease, cause of disease, lesion level or gender, among others.

A general need exists for specific tools and services which offer
social networking [23], participation, guidance to high quality
information, collaboration and openness in medicine [24]. There
are some initiatives which share biomedical information in a social
environment such as the popular social network PatientsLikeMe
[25,26]; others which analyze biomedical information disclosed
in YouTube [27]; and some others which aim to improve patients’
quality of life (QoL) [28]. However, none of them integrates stan-
dardized and multidimensional data nor allows automatic person-
alization of visualization of biomedical information depending on
the patient’s profile.
2. Methods

This section describes technically Circles of Health and the
methods for its evaluation.
2.1. Technical description of Circles of Health

Circles of Health is developed in Liferay Portal CE [40], which is
available under the Lesser GNU Public License (LGPL) v2.1 at abso-
lutely no cost. Liferay is a content management system (CMS) writ-
ten in Java with certain portlets preinstalled which cover most of
the functionalities (described in Section 3.1) required in Circles of
Health. New portlets for the automatic generation of interoperable,
multidimensional and holistic indicators of MHRs, developed using
Matlab, are available upon request. Nowadays, Circles of Health is
not publicly available because the business model to ensure sus-
tainability of Circles of Health is still under study and a patent
has been published [41]. The rest of the section describes the auto-
matic generation of interoperable, multidimensional and holistic
indicators of MHRs; knowledge representation; and accessibility
of Circles of Health.



Fig. 5. Entity relationship modeling.
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Fig. 6. Graphical representation of the evolution of an individual across categories of the ICF. ICF values of difficulty, deficiency or barrier are represented with red/4 in
complete levels, orange/3 in severe levels, yellow/2 in moderate levels, green/1 in mild levels and blue/0 in no difficulty, deficiency or environmental factors. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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2.1.1. Automatic generation of interoperable, multidimensional and
holistic indicators of MHRs

An indicator is as a measure used to evaluate, qualitatively or
quantitatively, some aspect of the functioning or health of a person
(including the level of autonomy, personal satisfaction and QoL).
The Laboratory of autonomy-enhancing measures, personal satisfac-
tion and quality of life (Qvidlab) [6] defines a set of indicators for
the comprehensive evaluation of people with SCI or ABD. For this
study, follow up data after clinical discharge of patients treated
at Institut Guttmann have been used. All of them are re-assessed
every 12 or 18 months in periodic, comprehensive evaluations
(PCEs). A PCE is conducted to allow early detection of some pathol-
ogies which, because of a baseline neurological lesion, might be
asymptomatic till advanced phases. Early detection can decrease
complications, preventing long hospitalizations, or even death.
The PCE also aims to improve autonomy levels, QoL and the e-
inclusion of the patients as much as possible. Questionnaires
administered in PCEs are listed in Table 2; some of them can be
self-administered by the people with disabilities (SA question-
naires). This research uses MHRs, whose data are summarized in
Table 3. These data are anonymous, confidential and only shared
when the owner authorize it. Qvidlab indicators have been trans-
lated to ICF following the methodology of Cieza et al. [33,34]. Every
time data of questionnaires are introduced, deleted or updated,
indicators are updated automatically.

Fig. 1 depicts the architecture of Circles of Health, which is com-
prised of an extractor, a transformer, an inference engine, a selec-
tor, a filter and a presentation system.

The extractor is configured to access databases and to selectively
fetch information. Each time a value or piece of information is



Fig. 7. Graphic representation of the status of populations and individuals across categories of the ICF.

Fig. 8. Graphical representation of the evolution of a population across categories
of the ICF.
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modified in a database, the extractor automatically updates the
transformer, inference engine and selector. In the extraction of
the information, patient-specific profiles are created. Patients pro-
files can be based, for example, on diseases. The extractor then pro-
vides data to the transformer.

The transformer comprises an attribute normalizer, a value nor-
malizer, and an aggregator. The normalizer however is not applied
when standards such as SNOMED CT, which does not specify the
range of values of the attributes, are used. In the same way, the
aggregator is not used if there are not overlaps in collected data
from questionnaires.

The attribute normalizer maps each extracted attribute to one or
more normalized attributes. For this mapping one or a combina-
tion of international standards are selected (such as ICF or
SNOMED CT). The mapping of extracted attributes to such system-
atic medical terminologies enables the recording of clinical data
effectively and in a harmonized manner recognizable worldwide.



Fig. 9. Graphic representation of the status of populations and individuals through the spinal cord injury measure (SCIM).

Table 4
Efficiency.

Representation/standardization Response
time (s)

Individual evolution of body functions ICF categories 4
Status of populations and individuals across categories of the

ICF
20

Evolution of populations and individuals of the category
body image of ICF

18

Status of populations and an individual of WHOQOL 14
Automatically standardize WHOQOL to ICF 3
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The value normalizer also receives the attributes from the
extractor and proceeds to normalize their values to a standard
scale. Values of attributes are normalized to values between 0
and 4, representing degrees of deficiency, from no deficiency to
complete deficiency, respectively. This value normalization en-
ables all patient-data to be evaluated on the same scale. Standards
such as SNOMED CT do not specify a range of values in their attri-
butes. In this case, it is not necessary and the original value type of
the attribute is maintained. Not normalizing values has the advan-
tage of not introducing potential artificial distortions in the original
measurement, especially when they are represented as Booleans or
strings. After normalization, an attribute can contain zero or more
values, is classified into three classes, and is processed differently
depending on its class.

� A normalized attribute of type-1 comprises no values.
� A normalized attribute of type-2 comprises only one value.
� A normalized attribute of type-3 comprises more than one

value. In the case of the type-3, the pluralities of values are
combined by aggregator automatically. This is done because
although questionnaires are optimized for the problem they
evaluate, there are overlaps in the normalized data collected
from several questionnaires.

Questionnaires attributes can be normalized to one or more
attributes of the selected nomenclature or nomenclatures. There-
fore, using the appropriate aggregation function for a normalized
attribute, the values of questionnaires attributes are combined into
a single value providing the optimized representation of the infor-
mation contained originally within the plurality of attributes. In
the state representation of a person, each standardized attribute
can have only one value.

Therefore, the aggregator manages overlaps among items which
have been measured through different questionnaire questions.
The aggregating function can follow different approaches. In a sta-
tistic approach, the aggregating function would be the average, the
median or the mode value. In another, more optimistic approach,
the best value; while, in a more pessimistic approach, the worst va-
lue. Furthermore, not all attributes need to have the same aggre-
gating function. Depending on the nature of the attribute, one
aggregation function can be more appropriate. The aggregator
could be located in an external component, for instance, in an
external presentation system. This enables centralized aggregation
of data located in different health institutions. On the other hand,
not all questionnaires are administered in the same time, therefore,
an interval of study of the status of the patient is chosen. In this
field, the interval chosen was a year, as questionnaires are admin-
istered in the PCE once a year. In the case of type-2, a single value
complies with the minimum information necessary for evaluation.
In the case of type-1, the problem exists that an empty entry can
cause that the final evaluation of the patient’s health is incomplete
and even erroneous. In order to maximize the probability of correct
health evaluation, inference engine is used to determine a value
from related attributes, which are structured in a hierarchy. The
aim of the inference engine is to perform, when necessary and



Fig. A.1. Identity management, creation of an account.

L. Subirats et al. / Journal of Biomedical Informatics 46 (2013) 1006–1029 1015
possible, the inference of the value of type-1 attributes from other
attributes. After attribute normalization, the value of more general
attributes can be inferred from more specific attributes. After com-
pleting the processing of the normalized attributes according to
their type, selector selects the relevant information depending on
the particular profile being analyzed. Examples of relevant attri-
butes that depend on each patient’s values are non-empty values,
extreme values, values which change over time, and values which
are relevant for classifying patients in dysfunctional profiles. In
addition, users are able to personalize the attributes they want to
monitor depending on their personal experience or preferences.

The filter enables filtering population’s status and the represen-
tation of each patient’s evolution by a plurality of parameters: dis-
ease, cause of disease, lesion level and gender. When patients read
health data from the representation system, the filter is not visible
for them and population data are automatically filtered with pop-
ulation of their profile. Without the filter, data visualization is not
personalized.

Fig. 2 summarizes the described flow diagram, which is illus-
trated by the following real example:

� Extract attributes. One of the questionnaires people who suffer
SCI are asssed is the FIM.
� Normalize attributes? Yes. The item dressing upper body is nor-

malized to dressing (d540) and putting on clothes (d5400).
� Normalize values? Yes. Attributes of this scale have 7 levels for

each item: complete independence, modified independence,
supervision, minimal assistance, moderate assistance, maximal
assistance and total assistance. As a consequence, values are
normalized to the 0–4 scale of ICF. The normalization of values
has been the following: 7 corresponds to 0; 5 and 6 correspond
to 1; 3 and 4 correspond to 2; 2 correspond to 3; and 1 corre-
spond to 4. The real example’s value correspond to 2, so the
value of the dressing is 3.
� Number of values >1? Yes. Attribute d540 is extracted also from
SCIM scale. The value from SCIM scale is 2. Therefore, the value
of this attribute is the average of values from both scales (2.5),
which is rounded to 3.
� Select. Attribute d540 is a non-empty value, therefore it is

displayed.
� Filter. In the representation, the population represented is peo-

ple who suffered a complete paraplegia, therefore the example
is included.

If the number of values of d540 was 0, then it would be inferred
from its children attributes from the ICF taxonomy, such as putting
on clothes (d5400), taking off clothes (d5401), putting on footwear
(d5402), taking of footwear (d5403), choosing appropriate clothing
(d5404), dressing, other specified (d5408) or dressing, unspecified
(d5403).

The presentation system enables the graphical representation of
all normalized data of a patient’s health as well as evolution
throughout time and taking into account the different profiles. It also
allows patients to compare themselves with other patients with
their same profile. Patients and health practitioners can select a par-
ticular time frame for which they want the data to be analyzed, for
instance, a number of years that have passed since a particular lesion
or discovery of the disease. The presentation system allows the visu-
alization of aggregated data from different health institutions.

The presentation system is centralized and optimizes the man-
agement of patients and clinicians which could be located at differ-
ent geographical locations worldwide.

Fig. 3 shows the interaction of healthcare institutions if infor-
mation comes from more than one MHR.

2.1.2. Knowledge representation
As in typical, modern knowledge-based systems, an ontology is

used to represent patient’s information [36] and it is updated using



Fig. A.2. Identity management, profile.
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SPARQL Protocol and RDF Query Language (SPARQL) [37] and Jena
[38]. Both the ontology and OntologyInteraction Java library are
available under the LGPL at https://code.google.com/p/circlesof-
health. If health professionals need to update the ontology, they
can do it collaboratively using WebProtégé [39], which is inte-
grated in Circles of Health. Fig. 4 depicts the ontological represen-
tation of people who suffer from a SCI, which describes their
administered questionnaires (summarized at Table 2) and their
ICF core sets [14]. All this information is extracted through SPARQL
queries from Liferay. An example of a SPARQL query to extract indi-
cators obtained from questionnaires administered to people who
has SCI is the following:

PREFIX rdfs:<http://www.w3.org/2000/01/rdf-
schema#>

PREFIX rdf:<http://www.w3.org/1999/02/22-rdf-
syntax-ns#>

select*where {?indicator
<http://purl.bioontology.org/ontology/
PMR.owl#is_indicator_of>

<http://purl.bioontology.org/ontology/
PMR.owl#Paraplegia_and_tetraplegia>
.?indicator

<http://purl.bioontology.org/ontology/
PMR.owl#code>?code .?indicator

<http://purl.bioontology.org/ontology/
PMR.owl#name>?name .?indicator

<http://purl.bioontology.org/ontology/
PMR.owl#description>?description}

The ontology and the MySQL database can be easily connected
as they are both accessed through Java libraries, and concepts are
represented using the same ICF and SNOMED CT standard codes.
Apart from Liferay tables, 57 new tables are created:

� 4 tables to represent user’s ICF values, for example, in the case
of body functions, in icftableb table;
� Table nodenames to help users to understand ICF categories, to

which disease it can be applied, and from which scales it has
been extracted;
� 5 tables to contain information of the ASIA scale;
� 3 tables to contain information of each questionnaire of Table 2

(except for ASIA scale that has more tables due to its subscales),
for example, in the case of WHOQOL, in whoqolquestions, who-
qoloptions and whoqolanswers tables;

http://https://code.google.com/p/circlesofhealth
http://https://code.google.com/p/circlesofhealth


Fig. A.3. Network awareness, initial page without authentication.
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� Table profile, to specify medical information; and
� Table punctuationslink, to normalize values of questionnaires.

In Fig. 5, there is the entity relationship modeling of a sample of
7 of these tables and the table user from Liferay database (which
contains user identification).
2.1.3. Accessibility
The Liferay community is making continuous improvements in

accessibility and usability issues. The recommendations of the WAI
(Web Accessibility Initiative) have been followed, although Dou-
ble-A requirements have been not satisfied. The following general
recommendations have been applied:



Fig. A.4. Network awareness, initial page with authentication.
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Fig. A.5. Information exchange, wall.
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� There is an accessibility section to raise awareness of the type
and level of accessibility of Circles of Health. The accessibility
page has the following content: navigation recommendations,
browsers, document readers, type of end-user test performed
and keyboard shortcuts and access keys for quicker keyboard
navigation (see Fig. A.13).
� Pages are checked with speech readers such as JAWS.
� Select boxes are avoided when possible; and navigation is opti-

mized through keyboard shortcuts.
� The order of the tabs (tabindex) follows a logical sequence on

the pages.
� There are alternative text to images.

2.2. Evaluation

The evaluation of Circles of Health is divided into two parts:
an expert and a user experience analysis with eleven users. These
users are: five health professionals (a neuropsychologist, a med-
ical doctor, a social worker, a psychologist and a psychotherapist)
and six people with a disability (SCI, non-traumatic ABD and
TBI).

The protocol of verbal reports [35] allowed to generate both
quantitative and qualitative results. This method is chosen because
qualitative results include behavior (actions taken by the task) and
literals (subjective views on the experience and interface). The
main benefit of this method is to identify the user’s mental model
and their interaction with Circles of Health. In addition, an answer-
response protocol was used to analyze user’s activity and identify
which parts of the interface or the system are obvious or confusing.
These are the tasks of the test:

1. Getting acquainted with Circles of Health. Before registering,
what kind of benefits did you expect to derive from joining
the community? What do you think about this page? After
registering, did you find the process easy? What would you
change?

2. Interpretation of the content. Visit the Knowledge section. What
do you think of the information provided in this section? Do
you think it is appropriate? What would you improve? Visit
the Scales section. Can you describe the type of content
shown? Do you find it useful? Would you trust the data?
Why?

3. Social Network. After visiting the Wall, Forum, News, and Events
sections: Do you think it is useful to have a social network sec-
tion? What kind of value do you think that brings? Would you
use this kind of service? Would you trust it?



Fig. A.6. Information exchange, videos.
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4. Administration (this task is only performed by health profes-
sionals). Did you find accreditation process easy? Would you
trust it? Do you understand correctly the type of information
that is being provided? Would you use this kind of service?

3. Results

This section describes the functionalities of Circles of Health
and an evaluation with eleven volunteers.

3.1. Functionalities of Circles of Health

Circles of Health offers the following functionalities:

� Identity management. Circles of Health allows managing the
availability of identity information (i.e. filling in information
and setting access rights). Examples for functions enabling
identity management are creation of an account (Fig. A.1) and
profile and community memberships to accredited profession-
als (Fig. A.2). Regarding the last one, once professionals have
already been accepted in the community of accredited profes-
sionals, they get a new menu of people management.
� Network awareness. Circles of Health provides awareness of the

activities and/or the current status and changes of the latter of
the contacts in the personal network is supported by news feeds
both without being authenticated (Fig. A.3) and being authenti-
cated (Fig. A.4).
� Contact management. Contact management combines all func-
tionalities that enable the maintenance of the (digital) personal
network (Fig. A.5) and search boxes (Fig. A.4).
� Information exchange. Information exchange can be direct or

indirect. Direct information includes wall (Fig. A.5) and chat.
Indirect information comprise photos, videos (Fig. A.6), events
(Fig. A.7), forums (about ads, neuropathic pain, coping strate-
gies, focus groups, leisure and participation in society, see
Fig. A.8) and wikis (where accredited professionals may con-
sider writing relevant news and frequently asked questions
(FAQs), see Fig. A.9). In addition, users can manage in their pri-
vate pages questionnaires and see their graphical representa-
tion in a standardized format (Figs. A.10–A.12). This last
functionality is explained in detail in this section as it is the dif-
ferential characteristic of Circles of Health.

Circles of Health represents individually and comparatively
people with disabilities or neurological origin. Fig. 6 depicts the
information related to the evolution of the person’s health and a
set of attributes as a function of the time elapsed since the detec-
tion of the lesion. Regarding environmental attributes, facilitators
are represented by circles while barriers are represented by stars.
Looking at Fig. 6, users can quickly notice that he has a mild facil-
itator in drugs, and no facilitator in assistive products and technol-
ogy for personal indoor and outdoor mobility and transportation.
Fig. 6 depicts person’s evolution using standardized holistic attri-
butes. So Circles of Health helps him to improve his knowledge



Fig. A.7. Information exchange, events.

1 For interpretation of color in Figs. 7–9, the reader is referred to the web version o
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of his health indicators. For example, he can see that he has a lack
of assistive products and technology.

In Fig. 7 there are several individual and comparative represen-
tations of users. Fig. 7 is a population’s evolution of an ICF category. It
is yet another representation wherein a particular disease has been
selected as well as a particular time span, and the MHR is depicted,
in the top graph, in relation to a variety of body functions, such as
urination and emotional functions. This graph shows the percent-
age of population with a certain value of deficiency of different
normalized attributes, in a particular instant of time. Different col-
ors indicate different percentage of patients with that deficiency. In
his last periodic evaluation, his doctor recommended that he use a
collector instead, but the patient argued that he prefers to perform
intermittent self-catheterization. Doctors use the graphical repre-
sentations to take a joint decision with Patients, showing them
the percentage of patients that follow her recommendation of
using a collector.

In Fig. 8, person’s state, represented by a star, is compared to a
particular population’s state exhibiting similar profiles. The level of
functional diversity is graded in relation to the number of years
from the lesion. It shows the percentage of population with a level
of functional diversity of one normalized attribute in time.
Different colors1 indicate different percentages of patients with that
deficiency. When the user of presentation system is a patient or a cli-
nician who wants to monitor the evolution of one of his patients, the
patient is represented by a star. Regarding the evolution of person’s
emotional functions, in Fig. 8, it gets worse (his impairment level
goes from moderate to severe). This representation enables the com-
parison between him and population who suffer similar problems.
The population is the set of people with an SCI, who had a traumatic
injury and with the same time elapsed since the lesion. His psychol-
ogist sees then a graphical representation of person’s emotional
functions; as it is an abnormally severe deficiency, he derives him
to an external psychological consultation.

The social worker, wants to have more information about anon-
ymous population’s evolution at 5 years from the lesion. Fig. 9 is a
static representation of population’s state in SCIM. It depicts an
overview of a whole population suffering a single disease after a
certain time span after the lesion, in this case 5 years. The data
for this representation are extracted from the MHR and forwarded
to the filter without intervention from the attribute normalizer,
this article.

f



Fig. A.8. Information exchange, forums.
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aggregator, or the inference engine. The level of deficiency is de-
picted in relation to a variety of symptoms suffered by the patient,
divided into categories such as eating, hygiene, dressing, self-care,
breathing, body control, physical mobility (internal/external, be-
low/above 100 m, etc.). It also shows the percentage of population
with a certain value of deficiency of different attributes, in a partic-
ular instant of time. Different colors indicate different percentages
of patients with that deficiency. In Fig. 9, she can see that most
people have mild facilitators for assistive products and technology
for personal indoor and outdoor mobility and transportation, and
moderate barriers to transportation services systems and policies
and intangible assets. All this information helps her to learn that
mobility is a problem for most people with this profile and that
it would make a great impact to prevent it through public policies.
Therefore the solution enables the social worker a straightforward,
cost efficient and universal processing of health information and
data, thereby allowing health practitioners and patients to ascer-
tain their health data using common benchmarks from a wider
population in a normalized and harmonized manner.

3.2. Evaluation

The evaluation methodology described in Section 2.2 is divided
into two parts: an expert and a user experience analysis with ele-
ven users. Recommendations of two usability and user experience
experts were followed and helped to improve the usability, acces-
sibility and user experience of Circles of Health before the analysis
with users. The recommendations of the two experts were:

� Benefits of belonging to a community, which are interac-
tions and access to useful information, should be explained.
� Circles of Health should carefully use vocabulary and help
users in their daily life. Avoid in all profiles technicalities
such as Open Id. In the profiles of person with disability
and family, avoid medical jargon.

� The design should focus on user needs, and icons should be
more serious. Excess of links and sections should be removed.

� Users should be able to navigate from static to evolution
graphical representations to better understand QoL.

� Links to other social networks should be removed. The user
does not need other social networks to interact with Circles
of Health.

After the expert analysis and the second version of Circles of
Health, there was a user experience analysis with eleven users
described in Section 2.2. During the interviews, professionals
indicated the graphics provided to them a lot of interesting infor-
mation, and the usefulness for the professional is clear to do mul-
tidimensional studies or articles. Circles of Health helps them to
compare for example, body functions of people who had non-
traumatic ABD and TBI. They found it useful to make comparisons
with someone from another country who uses a different scale
and/or language, to know which the most important problems
are, and to organize rehabilitation objectives. Regarding to users
with disabilities, they said Circles of Health should be optional,
users can look at it when they want and that it should be taken
into account that some old people have problems using the Inter-
net and new technologies. Some professionals indicated that
although it is useful for their daily practice, sometimes they
would need to have more information (for example, if someone
has urination problems, it is important to know how often the
leaks happen).



Fig. A.9. Information exchange, wikis.
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During the interviews, people with disabilities said it is very
interesting to be able to bring together people with a very similar
profile, is always good because you feel supported. Some of them
suggested Circles of Health is useful to people who had their lesion
from 1 to 3 years ago. They liked the use of use of color-coding be-
cause it is very visual. Some of them liked the comparative graphic,
because it helps to know where you are in relation to the rest of the
population. They said it would be interesting to have these graphs
in the annual review because it is very visual and it could be a stan-
dard way of representing knowledge. This can be helpful when
they travel abroad because sometimes the information is in Cata-
lan or Spanish. However, some of them indicated that it worries
them to know what their deficiency level would be in some years
although there were some things that at some point they would
like to see. Some of them see these graphics more professionally
oriented, there is too much information and ICF concepts are diffi-
cult to understand. They suggested seeing the whole individual
graphical representation in the screen, and do it larger and smaller.



Fig. A.10. Information exchange, management of questionnaires.
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To summarize, results obtained are:

� All professionals have noted that graphical representations
of the evolution of individuals provide valuable visual feed-
back, e.g., for identifying categories with a high level of
deficiency with the color-codification.

� 83% of the users with disabilities gave special importance
to the possibility of accessing the information at any time.
The type of information exchanged by people with a dis-
ability is not necessarily medical but rather about aspects
of everyday life, organizations and activities of interest.

� 66% of the users with disabilities indicated that participat-
ing in a community brings many benefits and enriches
personal knowledge based on the experiences of other
users. They gave special importance to knowing the people
or institution who is behind the management of the
content and who certifies the validity of what is shown,
and to access the information when they want to.

� 33% of the users with disabilities found Circles of Health
useful to perform online follow up questionnaires after
clinical discharge.
� 50% of the users with disabilities had problems interpreting
the standardized values and indicated that graphical repre-
sentations had too much information.

� 50% of the users with disabilities indicated that graphical
representations are too difficult to be interpreted, and they
did not want to spend time to understand them.

� 18% of the users highlighted that Circles of Health is useful
to interchange information with non-Spanish speaking
countries.

� Findings of usability and user experience are:
– To strengthen the explanatory text by giving priority to the

need to register and privilege to participate in Circles of
Health. To include who is responsible for managing Circles
of Health.

– To explain in detail the purpose of filling in the register and
the role of the user when checking the contents of Circles of
Health.

– To add contextual help text to know the content of each
section before accessing it.

– To provide information about content privacy all over the
network, to inform users who is able to see their information.



Fig. A.11. Information exchange, evolution of an individual using ICF categories.
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Fig. A.12. Information exchange, evolution of a population using ICF categories.
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– To review the format of Circles of Health with emphasis on
adding the title in all sections and to add different colors
in the text.

Regarding efficiency, users were satisfied with time response of
Circles of Health when generating graphical representations, and
introducing and standardizing questionnaires. We show the re-
sponse times of the integration of Matlab and Liferay in a X3430
(2.39 GHz, 3.99 RAM) processor (see Table 4) was acceptable by
users.
4. Discussion

All professionals noted that graphical representations of the
evolution of individuals provide valuable visual feedback. They
also highlighted Circles of Health integrates understanding of
health forming a comprehensive profile of an individual and popu-
lation. Therefore, results indicate Circles of Health is useful to sup-
port multicenter studies thanks to the use of standardized
knowledge.83% of users with disabilities gave special importance
to the possibility of accessing the information at any time, 66%
indicated that participating in a community brings many benefits
and enriches personal knowledge based on the experiences of
other users, and 33% of people with disabilities indicated Circles
of Health is useful to perform online follow up questionnaires. As
a consequence, Circles of Health has potential to promote knowl-
edge democratization, user empowerment and making decisions
with a more informed opinion.

However, 50% of users with disabilities remarked ICF categories
obtained from PCEs provide too much information to people with
disabilities. In addition, 50% of them found some categories of
the ICF standard difficult to understand. Therefore, it is recom-
mended to limit the number of ICF categories for each user’s inter-
face to no more than nine. The number nine was set due to human
limits in the ability of processing information [46].
5. Future work

In the future, the usage of Circles of Health will be promoted at
the Institut Guttmann – Neurorehabilitation Hospital among patients



Fig. A.13. Accessibility page.

L. Subirats et al. / Journal of Biomedical Informatics 46 (2013) 1006–1029 1027
and clinical staff (especially psychologists and social workers). It is
also planned to involve other institutions such as other reference
healthcare centers, patient organizations, public health systems,
and private enterprise; and to conduct a benchmarking study. For
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that, information models, such as EN 13606 [44] or HL7 virtual
medical record (vMR) [45], may be incorporated in order to facili-
tate information exchange among MHRs.

For future work, in order to improve usability and user experi-
ence of Circles of Health, the number of ICF categories for each
user’s interface should be reduced. In addition, as clinical decision
support systems (CDSSs) have gained momentum with the emer-
gence of biomedical ontologies [42], the inclusion of prognosis of
some categories into Circles of Health may help health profession-
als to make decisions about changes in activities and environmen-
tal factors. There is some work done in knowledge representation
of prognosis [43] we plan to incorporate into Circles of Health.

As 18% of users highlighted, internationalization is also an
opportunity for Circles of Health. Although at first glance it is
oriented to Spanish speaking countries, it can be extended interna-
tionally to other countries. This would be useful for governments,
as it would allow get a general picture of disability and of the com-
parison among different regions. In addition, it would allow the
creation of best practices and recommendations at the European
level, with direct impact on regional policies of inclusion, support
and assistance to dependence. Furthermore, this work can also
be generalized to other types of disabilities or chronic conditions,
the generalization to all people, and the work of internationaliza-
tion described in previous sections. In addition, there are new
opportunities for Circles of Health, as can be generalized to other
types of disability. People with visual or hearing disabilities may
be users of Circles of Health if questionnaires of these groups are
introduced and translated to ICF. It would be interesting to gener-
alize Circles of Health to the physical and cognitive domains,
adapting the questionnaires and the information to the profile of
the person.
6. Conclusions

We have presented a social-network platform called Circles of
Health, focused on people with disability, open to the participation
of people with disabilities, family members, health professionals,
education and social services. Circles of Health uses a new method-
ology which automatically collects, transforms, shares and graphi-
cally represents standardized and multidimensional indicators.
Circles of Health includes main aspects of a person’s life (develop-
ment, participation, and environment) using the ICF instead of so-
lely focusing on his or her diagnosis. Results indicate Circles of
Health has great potential for users. Professionals found Circles of
Health useful to generate new knowledge. People with disabilities
found helpful to enrich personal knowledge with the experiences
of other users and to perform online follow up questionnaires after
clinical discharge. As a consequence, Circles of Health has potential
to promote knowledge democratization, user empowerment and
making decisions with a more informed opinion. For future work,
it would be interesting to establish no more than nine ICF catego-
ries for each user’s interface and to involve other institutions.
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