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Abstract: eServices in the area of healthcare are developing quickly. Providing 

services for researchers in healthcare deals with both complex domain and 

sophisticated requirements. The objective of this paper is to propose an architecture 

of an online service to support collaboration of healthcare researchers. The service 

facilitates the task of seeking collaborators for joint work on producing scientific 

artefacts. The search of potential collaborators is based on matching the researcher's 

profile against others’ profiles. Profiles are ontology-based and composed of all 

different scientific-related activities and products of a person. A first prototype of the 

service was developed in the CLICK project to support researchers in the projects 

funded by the Vinnvård Programme. The interviews with several users showed 

appreciation of the usefulness of the tool. 

1. Introduction 

eServices in the area of healthcare are developing quickly [1]. Online tools support 

treatment process, patient with lifestyle diseases, medical researchers, search for medical 

literature and the like. Much attention is paid now for services that can facilitate 

collaboration of healthcare professionals [1]. Networking through online social systems is 

an interesting trend because networking can increase productivity [2]. There are plenty of 

examples of such systems. 

 Harvard Catalyst (http://catalyst.harvard.edu/) is a website supporting the need of 

Harvard clinical and translation researchers. The site aggregates information published at 

different Harvard databases and helps the users to find collaborators, get advice and explore 

research trends through literature and on-going clinical trials [3]. CHAIN 

(http://http://chain.ulcc.ac.uk/) is a multiprofessional and cross organizational support 

network for health and social care helping people to contact each other to exchange ideas 

and share knowledge. The users in CHAIN define the areas they are interested in and can 

be contacted with question and ideas. ResearchGate (http://www.researchgate.net/) is an 

online tool in which researchers create professional profiles and can pose questions, share 

papers and discover relevant conferences as well as do some microblogging. 

 When provision of support for healthcare professionals requires processing of complex 

data from the domain, semantic technologies are often used. For example [4] describes 

bibliography search tool for clinicians and healthcare workers. The tool is based on the use 

of two domain ontologies and linking to the MeSH thesaurus. Ontologies have been used to 

support competence management in [5]. The authors describe the use of competency 

catalogues to improve training process of nurses. Applying ontologies facilitated complex 

modelling of the nursing domain. 

http://catalyst.harvard.edu/
http://http/chain.ulcc.ac.uk/
http://www.researchgate.net/
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 Providing services for researchers in healthcare deals with both complex domain and 

sophisticated requirements. There are tools for modelling researchers’ competences and 

supporting various research tasks based on different aspects of a researcher’s work (e.g. [3-

5]). However, there is lack of services that could provide (semi-)automatic support for 

researchers based on aggregation of a researcher’s activities and accomplishments. This 

paper aims at creating an online service that will provide suggestions for potential 

collaborators based on automatic construction of researcher profiles. 

 The next section details the objectives of the work. The architecture of the servce is 

presented in section 3, which also describes profile creation and matching. After that, the 

case of applying the service is introduced. The conclusions provide summary of the results 

and discussion of future work. 

2. Objectives 

The objective of this paper is to propose an architecture of an online service to support 

collaboration of healthcare researchers. The service facilitates the task of seeking 

collaborators for joint work on producing scientific artefacts. The search of potential 

collaborators is based on matching the researcher's profile against others’ profiles. Profiles 

are ontology-based and composed of all different scientific-related activities and products 

of a person. The distinguishing features of our approach are (a) automatic construction of 

researchers’ competence profiles based on semantic integration of data sources and (b) 

providing automatic suggestion for collaboration based on matching of competence 

profiles. 

3. Architecture of the eService Supporting Researcher Collaboration 

The eService supporting collaboration of healthcare researchers is constructed in a modular 

fashion with the use of web services, which is the modern way of building services for 

healthcare ([1]). Our eService is composed of three constituting services: data source 

integration, profile management, and profile matching. Figure 1 depicts this architecture. 

The first service collects and prepares data needed to create/update researcher profiles by 

pulling the data from different sources and integrating them based on semantic 

technologies. The second service creates ontology-based profiles for researchers and then 

updates them when new data are available as well as retrieves profiles for matching. The 

last service performs matching of the given profile against available profiles to find profiles 

that are semantically close according to the given matching parameters.  

 

 

Figure 1: Layered Architecture of the Online Service 
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 The second and third constituting services are exposed as RESTful Web Services (WS) 

allowing clients to make requests for finding matching profiles and retrieving particular 

profiles. To find suggested collaborators, the client provides the user ID to the service and 

receives back a list of matching profiles. Then the client can retrieve any of the suggested 

profiles for visualization. The profile data are now exchanged in JSON (JavaScript Object 

Notation) because it is a lightweight and expressive data format. But the available formats 

can be easily extended to encompass XML or other structured formats. The user interface 

component shown in Figure 1 is supposed to be executed on the client side. A typical client 

would be a Rich Internet Application (RIA) hosted in a browser like Mozilla Firefox. The 

data source integration service is also exposed as WS but intended for “internal 

maintenance” tasks and hence is not supposed to be accessed by external clients. Utilizing 

the RESTful Web Services approach to exposing the service functionality allows to achieve 

platform and language independence as well as possibility for clients to negotiate data 

formats. 

 The three web service components utilize functionality provided by the underlying 

layers of the architecture. The lowest layer is the ontology layer that contains ontology-

based researcher profiles stored in the Web Ontology Language (OWL) format. The layer 

above it provides a reasoner to entail additional statements about the profiles and an engine 

for running SPARQL (SPARQL Protocol and RDF Query Language) queries against the 

profile ontology. The layer beneath the web services is Jena Ontology Framework 

(http://jena.sourceforge.net/) that provides API for manipulating ontological entities 

constituting a profile. 

3.1 Ontology-based Profile Construction 

Each researcher’s profile represents different scientific artefacts and activities of the person. 

In this way we can show multiple facets of the researcher’s expertise as it described in [6]. 

However our approach takes into account diverse types of scientific activities, instead of 

mainly focusing on bibliometric data. Figure 2 shows the structure of a profile, which 

includes major research areas, published papers, engagement in projects, and known co-

workers. These parts represent competences of a researcher, thus the profile being a 

competence one. The main indication of the researcher’s competences is the major research 

areas that are derived from areas associated with the publications and projects based on the 

level of activity in each area and the corresponding area group (research areas are organised 

in taxonomical groups). A brief contact information is also included as well as affiliation 

and geographical location. The resulting competence profiles are represented as sets of 

linked instances in an OWL ontology, which is denoted the profile ontology. The way of 

describing expertise in an ontology language is pursued in many studies, e.g. in [7], though 

our profile has a more elaborate structure that takes into account major research areas and 

existing collaborators.  

 

 

Figure 2: Structure of a Researcher Profile 

http://jena.sourceforge.net/
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 Using data sources for ontology population is a common approach nowadays ([8,9]). In 

our case, data needed for creation of competence profiles are pulled from publicly available 

data sources. Right now we use two types of source: online publication databases and 

funders’ project application databases. The publication databases are PubMed (citations for 

biomedical literature, http://www.ncbi.nlm.nih.gov/pubmed/) and DiVA (Academic 

Archive On-line, http://www.diva-portal.org/smash/search.jsf). The process of data source 

integration is depicted in Figure 3. The data are integrated into one model through schema 

transformations. When a profile for a researcher is being created, lists of publications by 

this author are retrieved from PubMed and DiVA in XML format. Then XSLT schema 

transformation is applied to populate the data source ontology with instances representing 

the found publications. Project data are extracted from the funder’s proprietary database 

(VPA) with the help of the D2RQ Platform (http://d2rq.org/). D2RQ transforms relational 

data into a virtual RDF graph that can be queried using SPARQL to populate the data 

source ontology. Finally, all data relevant to one researcher are organised into a profile and 

stored in the profile ontology. 

 

 

Figure 3: Data source Integration to Create Researcher Profiles 

 

 Combining existing RDF vocabularies and reusing existing OWL ontologies is common 

practice to save effort and achieve semantic interoperability ([8,10]). During the data source 

integration process, four ontologies/vocabularies and a thesaurus are reused: 

 BibTeX Definition in OWL (http://data.bibbase.org/ontology/#) to represent papers 

published by researchers, 

 DOAP (Description of a Project, http://usefulinc.com/ns/doap#) to describe projects a 

researcher may participate in, 

 The GeoNames Ontology (http://www.geonames.org/ontology/ontology_v3.01.rdf) to 

represent geographical locations related to a researcher’s affiliation, 

 FOAF (The Friend of a Friend, http://xmlns.com/foaf/spec/index.rdf) to describe a 

researcher’s contact information as well as links with existing collaborators, 

 MesH thesaurus (Medical Subject Headings, http://www.ncbi.nlm.nih.gov/mesh), which 

is used for classification, i.e. for assigning research areas to publications and projects – 

the assigned areas are used afterwards to derive major areas for the researcher. 

3.2 Profile Matching to Suggest Collaborators 

Finding potential collaborators is the main functionality provided by this service. Hence it 

should be simple to use on the one hand and adjustable to provide for different ways of 

matching on the other hand. The profile matching is carried out through matching of the 

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.diva-portal.org/smash/search.jsf
http://d2rq.org/
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sets of competences of two researchers to find out how much the profiles overlap with each 

other. The user’s profile is matched against all available profiles and a score is computed 

for each profile showing how well it matches to the user’s one in terms of competences. 

The resulting list is ranked by the matching score. The process may be customised by using 

different parameters that specify what competence should be included in matching or how 

matching is to be performed. These parameters will affect suggestion of researchers for 

potential collaboration. 

 The main adjustable parameter of the matching process is the level of granularity of a 

research area (that is use of subsumption relationship). This method is often used in the area 

of expertise matching, e.g. [10], which is similar to competence profile matching. However, 

we focus on matching that is based on the user profile instead of expertise finding that is 

based on a user query. As soon as research areas are organised in a taxonomy, we can use 

either a specific research area or the taxonomical group this area belongs to (taxonomical 

group can be used at several levels). Through increasing the taxonomical level, more 

suggestions can be found but the accuracy of matching will be lower. An example in 

Table 1 shows matching results (profiles with their scores) for the same user’s profile. It 

demonstrates that using taxonomical groups can triple the amount of suggested 

collaborators. The matching score values also increase because a score is calculated relative 

to the number of major areas in a user’s profile and this number may decrease when 

switching to taxonomical groups (one group may cover several areas from the profile). 

Table 1: An Example of Profile Matching Results 

Only research areas Groups of research areas 

0,11: Researcher5’s profile 

0,11: Researcher7’s profile 

0,60: Researcher5’s profile 

0,40: Researcher2’s profile 

0,20: Researcher1’s profile 

0,20: Researcher3’s profile 

0,20: Researcher4’s profile 

0,20: Researcher6’s profile 

0,20: Researcher7’s profile 

 

 One of the minor adjustable parameters is the number of publications. This allows for 

weighing every research area based on the number of publications in it (other examples of 

weighting based on publications can be found in [6]). When weighted areas are used for 

matching, the resulting matching scores will be lower. This can be used to shorten a long 

list of suggested collaborators by discarding all suggestions below a certain threshold – 

more suggestions will be discarded because of lower scores. The matching algorithms 

available at the moment are summarised in Table 1. Other parameters that may be 

considered are age of publications, geographical locations or existing co-workers. 

Table 2: Profile Matching Algorithms 

Algorithm type Algorithm description Comment 

Simplest Intersection of sets of research areas Used as the default one 

Taxonomical 

groups 

Intersection of sets of research area 

groups 

Provides more suggestions if the user is 

not satisfied with the suggestion list 

Number of 

publications 

Intersection of sets of weighted 

research areas 

Intersection of sets of weighted 

research area groups 

Gives lower matching scores that can 

be used to shorten the suggestion list 
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4. Supporting Researcher Collaboration in the Vinnvård Case 

A prototype of the proposed online service was developed and tried out in the CLICK 

project supported by Vinnvård Programme (http://www.vinnvard.se/). It is a research 

program supporting research projects concerning realisation of new research findings and 

reduction of the implementation time from research to bedside patient care. Vinnvård 

supports 20 research projects spread throughout Sweden. Each project can involve 3 up to 

25 people. The researchers have expressed their unawareness of other Vinnvård 

researchers’ work. The projects are usually multidisciplinary and multiprofessional and 

geographically spread all over Sweden, which makes it harder for researchers to be aware 

and connect to each other. All researchers were invited to a large meeting in 2010 and 

expressed a desire to easier connect to each other. Currently there is no common platform 

used for the different groups. Hence, the focus of the CLICK project is on supporting 

networking among researchers in these projects. 

 In the beginning of the CLICK project we carried out an initial user study by 

interviewing potential end users. The interview focused on the needs of junior and senior 

scientists. This initial round showed that the user problem to be solved revolves around 

knowing what colleagues are doing in research right now. This knowledge is important to 

open up to junior scientists those collaboration and learning opportunities that currently are 

only available to more senior scientists who are deeply embedded in their research 

community. For senior scientists the target would be to quickly get an overview on who is 

working on allied fields of interest and to monitor their own scientific field easier. The most 

crucial issues for adoption are that the system would need to automatically analyse data, 

take care of profiling and suggest on whom to collaborate with as well as provide an 

intuitive interface to interact with the aggregated data. 

 Based on the results of the user study, we developed a first prototype of the proposed 

eService to support collaboration of healthcare researchers. The prototype aggregates data 

from the PubMed and DiVA publication databases as well as the Vinnvård project 

application database to create researcher profiles. The matching of profiles can be adjusted 

using specific research areas/area taxonomical groups, close/distant location and amount of 

publication in the areas of interest. A web-based interface was created to provide access to 

the service for a selected group of researchers in the Vinnvård-supported projects. The web-

based client of the service allows the user to search for potential collaborators based on 

one’s own profile and then examine suggested profiles by looking at research areas and 

publication activity. 

 After the prototype was tested by several users, we made a second round of interviews 

as well as conducted a workshop with different stakeholders. All the interviewees were 

enthusiastic about getting possibility to find new potential collaborators based on their own 

work priorities and interests. The feedback with regard to improvement of the user 

experience focused on workflow and interaction with interface elements. Many suggestions 

were given during the interviews and workshop for expansion of functionality, e.g. adding 

real time functionality such as tickers and possibility to comment/like papers and share 

reading lists. In the next prototype version the UI was improved by clarifying the functions 

of many interface elements through changing their visual appearance and tooltips. The 

ranking of researchers in the suggested collaborators list was previously shown as a 

percentage number on an absolute scale. This proved to be difficult to understand and hence 

was changed to “star-based” ranking on a relative scale. Two new features were introduced 

based on the feedback. The first one is making it possible to “bookmark” a profile as a 

favourite for later examination. The second one is ability to save a publication list filtered 

by an area of interest when examining a profile of a researcher. The improved UI is shown 

in Figure 4, which depicts a list of suggested collaborators and one profile from the list. 

http://www.vinnvard.se/
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Figure 4: The UI Showing a List of Suggested Collaborators and One Profile from the List 

5. Conclusions 

We have proposed an architecture of an online service to support collaboration of 

researchers in healthcare. The service first builds ontology-based profiles of researchers 

based on semantic integration of various data sources. Then potential collaborators are 

proposed based on matching of the created competence profiles. The targeted task is finding 

people to pursue joint scientific activities. The contribution of our work is that the proposed 

online service automatically constructs competence profiles of researchers based on public 

data source integration so that the profiles are semantically richer compared to systems like 

Harvard Catalyst and as a result the service can automatically suggest researchers for 

potential collaboration. In a sense our work is close to expertise finding or expertise 

recommender systems. However, the search for suggested collaborators is based on the user 

profile instead of a user query. Additionally, while most expertise finding systems are 

intended for academia or IT sector, we propose an eService that specifically targets the 

healthcare area. 

 A first prototype of the service was developed in the CLICK project to support 

researchers in the projects funded by the Vinnvård Programme. The interviews with several 

users showed appreciation of the usefulness of the tool. However, we received many 

comments and hints about potential improvements of the tool. The first comment regarding 

the functionality of the service was about adding research areas of current interest to a 

profile to be able to find potential collaborators based on emerging interests or in areas 

complementary to one’s own major areas. The second interesting functionality-related 

comment was to add “discovery mode” – to allow for browsing of the network of 

researchers/areas to discover what is happening in the area. One more suggestion was to 

allow users to edit parts of a generated profile, e.g. to add other affiliations. 

 The first results show potential applicability of the proposed approach to the whole 

research community in healthcare. Moreover, while the profile ontology and data source 
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integration mechanism are domain specific, the eService architecture is general enough to 

be tested in other domains. The on-going work is intended for continuous improvement of 

the service and deployment of a series of prototypes on the Vinnvård web site to reach the 

state of allowing public access to the service. Besides the comments mentioned above, we 

plan to also investigate how real-life collaboration experience can be taken into account 

when making suggestions. This is a difficult but important issue. Right now suggestions are 

only based on “easily discovered facts” such as publication activity or geographical 

location. We need to look into more “subtle facts” of researcher networking, e.g. via 

tracking down if a suggestion led to successful collaboration. 
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