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Abstract. Patient-Centric Care requires comprehensive visibility into the strengths
and vulnerabilities of individuals and populations. The systems involved in Patient-
Centric Care are numerous and heterogeneous, span medical, behavioral and social
domains and must be coordinated across government and NGO stakeholders in
Health Care, Social Care and more. We present a system, based on Linked Data
technologies, taking first steps in making this cross-domain information accessible
and fit-for-use, using minimal structure and open vocabularies. We evaluate our
system through user studies.
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Introduction

Organizations seeking to improve health outcomes and lower costs are facing unique
challenges such as aligning care delivery to population needs, creating and managing
holistic, individualized care plans and care coordination to produce positive and sustain-
able outcomes at reduced cost. In [1], it is reported that 5% of individuals face complex
issues spanning multiple domains and accounting for 50% of the cost. Identifying these
individuals early on is key to reducing costs. The impact of social determinants for health
dictates that multi-domain information is needed for holistic and individualized care de-
livery [2]. Furthermore, coordination across care agencies and stakeholders requires an
integrated view of the individual, their vulnerabilities and their environment [3].

The common denominator is the need for fit-for-use information spanning multiple
domains. In general, needs span six core areas: health, food, shelter, safety, education
and income. Potential information sources are diverse and numerous (e.g. the American
Hospital Association numbers 5724> members and the number of homeless shelters sur-
passes 4000%). The complexity of Health Care data is vast and Social Care systems have
a very broad scope.

Relevant use-cases are abundant: In a New York hospital, a survey has shown that
9.2 minutes out of a 15-minute doctor’s visit were spent on social needs, crowding out
clinical care [4] and illustrating that “social context” of individuals is critical in improv-
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ing care (for example, consider asthma triggered by sub-standard housing, depression
or chemical dependency affecting medication adherence, lack of food impacting dia-
betes). A single social worker may be responsible for thousands of people [4]. Providing
timely, relevant, multi-dimensional and fit-for-purpose information about vulnerability
to all care workers is critical.

1. Methods

Typical Health Care data integration approaches use an all-or-nothing model, i.e.
data is either part of the (mediated) model or not accessible at all [5]. We argue that
this is unrealistic in the Care Coordination domain and propose a Linked Data-based ap-
proach, in which a minimal model is used to provide a high-level navigation structure
and users are able to further explore the entire data space, adapted to user expertise. We
concede that a shared model capturing all information that needs to be shared is unrealis-
tic. We develop an approach relying on readily available vocabularies or ontologies and
a navigational model for minimal integration. We use exploration to access the rest of
the information, based on this model. In addition, information is made fit-for-use across
specialist domains by exploiting domain ontologies, published as open data.

1.1. Vocabularies and Ontologies as drivers for integration

Given that we do not develop a full model for the data to be exchanged, or at least
a single centralized model, how do we effectively retrieve and process relevant data? In
our approach, we rely on a set of reference ontologies, acting as integration points across
systems and providing context for users, although we make little use of their formal se-
mantics. In general, these ontologies should have good coverage of the domains (e.g.
health, social services, homelessness), but we do not expect them to be fully integrated
or to cover the full spectrum of the information exchanged. In addition, re-using exist-
ing ontologies reduces both the development and integration cost. Some examples of
the ontologies/taxonomies we have used are WSG84* and the Time Ontology” for spa-
tiotemporal representation, the human disease ontology®, FOAF and VCARD for basic
personal information, the family ontology [6], the social care subject taxonomy’ as well
as ontologies derived from HL7.

1.2. Minimal model-driven presentation

Although reference models are enough to provide basic linking of information, they
make information consumption challenging, since they do not capture the relative im-
portance of various pieces of information or the user task, as we will also show in our
evaluation. On the other hand, a presentation layer, such as a collection of views that
can be rendered on the screen, would nullify any advantage of not having a rigid, central
model and would essentially reduce the addressable information space to what is covered
by those views. We propose using a business rule-like structure to unify models and help
users quickly assess the severity and navigate through vulnerabilities of individuals. Such
a structure can be seen in Figure 1. At the top level, we have a logical model, consisting,
in this case, of a hierarchy of weighted factors contributing to an individual’s vulnerabil-
ity. Each node on top is connected by means of SPARQL queries to the Semantic Layer
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Figure 1. Example model for vulnerability

in the middle. The Semantic Layer abstracts from the representation of the information
in the source systems (systems for Social Care, EHRs etc). We elaborate using Figure 2:

Conciseness. The structure shown on Figure 2(@) shows a concise navigational struc-
ture of the vulnerabilities of an example individual. The circles represent the relative im-
portance of the vulnerabilities in a set of dimensions that are deemed important in the
domain of the user (in this case, a multi-disciplinary team worker). Clicking on a circle
expands it so as to display its contributing factors. In this way, the user gets an immediate
impression of the key weaknesses of an individual (in this case, it would be problems
regarding Health and Food) and retains the capability to explore further (in this case, the
user has chosen to expand on the main factors affecting income).

Exploration. Our reference ontologies and navigation structure do not cover the entire
information space, since we impose no restriction to the models used by each organi-
zation. To get more fine-grain information, an exploration pane (Figure 2(f)) is used
to navigate the entire space, based on the Linked Data structure and potential ontology
overlap. In the example, the user can see that the individual is receiving child benefit
amounting to 170 euros weekly. In addition, it displays relevant information from Linked
Open Data, such as complicating factors for diseases (not shown in example).

Fitness-for-use. Specialist knowledge inhibits information consumption across domains.
For example, although Pica Disease may be the most appropriate term to describe a
condition to a physician, it has little fitness-for-use for a social care worker. For the latter,
the super-class Eating Disorder is more useful. In our system, based on the clicks of
each user group when exploring data, we adapt the terminology presented by default (not
shown in example).
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Figure 2. User interface for navigation and exploration

1.3. Realization and Deployment

We developed a prototype implementation on top of enterprise IBM systems for
Social Care and Health Care. The IBM Ctram Social Program Management Platform®
is a business and technology solution that delivers prebuilt social program components,
supporting users from multiple disciplines. IBM software Patient Care and Insights® in-
tegrates and analyzes patient information providing information such as care plans, risk
assessment and clinical summaries. We have integrated information from the above sys-
tems, along with Open Data sources and other data (e.g. information typically managed
by a homeless shelter), for a total of 3 relational databases (some enterprise systems have
multiple databases), 1 non-relational database, 1 RDF data source and 12 ontologies.

2. Results

We have performed a user study to evaluate the time required to get a business re-
sult. We use a standard Web-based exploration tool for RDF!? as a baseline, also ad-
dressing the entire information space (i.e. using the same input). Table 1 shows a set
of questions, taken from an actual intake for coordinated care, for general vulnerability
and risk of homelessness. Also shown is the average time to retrieve an answer using
our system and the average time to retrieve an answer using the baseline Web-based
RDF exploration tool, using a randomized question order. Results for one-way ANOVA
(F(1,104)=8.366,p=0.005) for 10 respondents indicate a statistically significant differ-
ence. The baseline system took 54.1% more time to retrieve an answer than our system,
on average. The number of clicks was comparable while, for the baseline, on 3 occasions
the user gave an incorrect answer and on 3 more they gave up without giving an answer.
We note that our models and system have in no way been adapted for the particular tasks.

8http://www-03.ibm.com/software/products/en/social-programs/
“nttp://www-01.ibm.com/software/ecm/patient-care/
10http://wifo5-03.informatik.uni-mannheim.de/pubby/. Deployed on the same platform as our approach.
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ID Domain Question Baseline  Ours

Al Employment When did you last work? 51 sec 43 sec
A2 Education What is the highest level of education completed? 85 sec 32 sec
A3 Income What type of services is your family receiving? 76 sec 40 sec
A4 Housing What is your current housing situation? 37 sec 51 sec
A5  Substance abuse ~ Have you ever had a problem with alcohol or drugs? 42 sec 51 sec
A6  Physical health Do you have any health or medical conditions? 157 sec 42 sec
Bl  Housing What is your primary reason for homelessness? 41 sec 15 sec
B2  Housing How long have you been living on the street? 32 sec 46 sec
B3  Child Welfare Do you currently have children in foster care? 70 sec 62 sec
B4  Mental health Do you have emotional, personal problems or stress? 30 sec 19 sec

Table 1. Intake questions. Al to A6 refer to vulnerability, B1 to B4 refer to homelessness.

We show in isolation that adapting terminology yields improved results for the user.
We start from a condition in the Human Disease Ontology, and ask the user whether they
are familiar with the term. If not, we select the more generic condition (i.e. the parent
in the hierarchy of diseases) and repeat. For 10 non-specialist users (with a computer
science background), and 21 distinct terms, there was user agreement on what the under-
standable term is in 120 out of 210 observations. As a consequence, adapting the original
term to the most identifiable term means that 57% of the time, users would immediately
identify the term. When we do not, the corresponding percentage was 21%.

3. Discussion

We have shown some first steps towards information sharing for Person-Centric Care
across highly diverse and challenging domains, using Linked Data. Our results show that
we can address the same information space as a generic graph exploration approach while
reducing the time to reach a business result. To put our results into context, consider the
study reporting that 9.2 minutes were spent on social needs in each doctor’s visit [4].

There are many remaining challenges in the area. Although current practice in Care
Coordination follows a blanket consent model (i.e. persons need to agree to share all their
data across care agencies), privacy and consent management is a challenging and exciting
direction. In addition, better exploration interfaces that hide the complexity of the RDF
graph, yet remain generic, are needed. User context (e.g. location) can be taken into
consideration and the context captured by our system can be used as input for analytics.
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