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Abstract. Numerous studies and strategic plans are advocating more team based 
healthcare delivery that is facilitated by information and communication 
technologies (ICTs).  However before we can design ICTs to support teams we 
need a solid conceptual model of team processes and a methodology for using such 
a model in healthcare settings. This paper draws upon success in the supply chain 
management domain to develop a reference ontology of healthcare teams and a 
methodology for modeling teams to instantiate the ontology in specific settings. 
This research can help us understand how teams function and how we can design 
ICTs to support teams.  
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1. Introduction 

Frameworks such as the Institute of Medicine have advocated for re-engineering of the 
healthcare system to support team based care delivery [1]. However this re-engineering 
effort is a complex endeavor as healthcare systems were not designed to facilitate team 
based care delivery. Information and communication technologies (ICTs) will play a 
key role in supporting team based care delivery but developing ICTs to support teams 
poses some significant systems design challenges. Key processes involved in teamwork 
such as communication or decision making as well as tasks such as handoff have been 
shown to be problematic because of coordination or joint information access issues [2].  

The essence of team based care delivery is the interoperability of several concepts 
including data, processes, goals and mandates. Electronic health records (EHR) are a 
common architecture used to support interoperability, yet research has shown that EHR 
standards and frameworks tend to support individual rather than team based needs [3].  
A further issue with EHRs is they typically provide support for disparate processes 
rather than an integrated continuum of processes [2]. Teams provide care as a 
continuum of services and a common source of miscommunication and medical errors 
are poor information formats or communication exchanges during various services [4]. 
To better support team based care delivery we need to design ICTs that support the 
continuum of care within which teams work.  
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Overall we see two key shortcomings to existing informatics research on team 
based care delivery. One is that it has tended to consider all teams as the same.  Rather, 
different team structures exist (e.g. interdisciplinary, multidisciplinary and 
transdisciplinary) [5], yet we know little about how these structures will impact ICT 
design.  Second is that much of the existing modeling work on teams has focused on 
specific objectives such as error provision or specific tasks such as decision making, 
handoffs or information needs for team meetings. There is no methodology or 
systematic approach for modeling the information and process needs of healthcare 
teams.  The overall challenge is that we cannot manage teamwork per say, but rather 
we must manage specific aspects of teams. However a precursor to management is the 
need to define and model team based concepts and the relationship amongst them.  

Our research is inspired by the supply chain management (SCM) domain. SCM 
initially struggled with ICT implementation, finding that expensive ICTs did not 
provide enhanced performance. Researching that issue identified that SCM is a type of 
management and that successful ICT design is about managing processes. To better 
support processes the SCM domain developed a common reference model called the 
supply chain operations reference model (SCORM) [6]. The SCORM contains five 
common macro processes (plan source, make, deliver and return) from which more 
detailed micro level processes can be defined to support specific SCM systems. These 
micro level processes provide the means of developing dynamic SCM systems while 
still adhering to interoperable standards.  The main benefit of the SCORM is it provides 
a common architecture for development of standards and best practices for SCM 
integration and systems design. Healthcare teams could similarly benefit from 
development of a reference model to support better management and systems design. A 
first task is to develop a comprehensive methodology and reference model for 
healthcare teams.  This paper describes our work at achieving the above task.    

2. Methods 

Our ontology and methodology were developed based on case study data and a 
comprehensive literature search on healthcare teamwork.  A qualitative content 
analysis approach was used to design the ontology [7]. Content analysis analyzes 
characteristics of the data with particular attention to the content and contextual 
meaning of the text. 

2.1.  Data Sources 

Data source one is case studies on team based care delivery. One of the authors (CEK) 
has studied team based care delivery in several clinical units including palliative care, 
medical-surgical acute care; day surgery; continuing complex care and diabetic 
education.  Data source two is a literature review on healthcare teams from searching 
Scopus, Web of Science and Medline.   Search terms included ‘healthcare team’ and 
various other keywords including ‘processes’, ‘communication’ and ‘models’. We also 
searched on supply chain management including models, methodologies and ICT 
design to support SCM.  
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3.  Results 

After analyzing our case study data and literature we developed an ontology and 
methodology for modeling collaborative care delivery. The two data sources provided 
complementary views on teamwork by providing conceptual perspectives of the 
structure and processes (literature) but also providing an empirical perspective from the 
case studies.   

3.1. Ontology of Healthcare Teams 

Figure 1 shows our ontology of healthcare teams developed using a content analysis 
process. The ontology is being modeled in OWL to enable it to be part of the Ontology 
for General Medical Science (OGMS) initiative (http://code.google.com/p/ogms).   

As we analyzed the data and started to design the ontology we realized that 
teamwork has both a structure and set of supporting concepts. Both of those are 
represented in our ontology. First is the ‘continuum’ concept which represents the 
structure. The continuum has five sub-concepts (assessment, decision making, care 
planning, care delivery and evaluation), shown in fig 1. The continuum is our 
equivalent to the SCORM as the five sub-concepts are macro level concepts common 
across all teams from our case studies and literature. Understanding and modeling the 
entire continuum is important to ensure ICTs are designed to support all relevant team 
processes. For example, a team cannot make a care delivery decision without 
appropriate consideration on how to implement the decision or more significantly 
without any evaluation of the outcome of the decision. All relevant processes need to 
be modeled and integrated.  Teams do not work as several disparate processes but 
rather work as an integrated continuum.  

Although the continuum acts as a common architecture for healthcare team 
interoperability we know that different team settings will have different needs.  The 
implementation of the continuum in a specific team setting is influenced by six other 
ontology concepts shown in fig.1. These concepts represent the micro level details of 
different team instantiations including team members, team processes,   information, 
governance, team structure, and synchronization points for team processes. Each of 
these ontology concepts has their own levels of complexity but these are not shown in 
detail in fig. 1 because of space. Instead several examples will be discussed. The 
‘processes’ concept has a sub-concept called ‘decision logistics’.  This sub-concept 
provides micro level details to the decision making sub-concept from the team 
continuum and refers to the fact that team decision making may take hours (or even 
days) because it can involve obtaining input from multiple providers in order to arrive 
at a decision. Therefore different decision states such as ‘in-progress’, ‘negotiation’, or 
‘complete’ need to be modeled and supported by an ICT. The ‘members’ concept 
models the team members and contains sub-concepts ‘skill sets’ and ‘information 
needs’.   Team tasks are delegated at time of care delivery and the skill sets of team 
members needs to be captured and communicated so that tasks are assigned based on 
abilities. Information needs refer to individual team member information preferences. 
A team is a sum of individual providers who will have different preferences with 
respect to information sources and types how it is formatted and disseminated. For 
example, some physicians prefer to be notified with regular patient updates while 
others only wanted notification when a change occurred in a patient’s goal or careplan. 
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Figure 1. Ontology of healthcare teams with expansion of the continuum concept 

Modeling and understanding information needs is essential to prevent information 
overload and communication issues. Finally the ‘governance’ concept models the 
mandates of a team and roles and goals within that mandate.  Governance has a sub-
concept called ‘boundaries’ that identifies boundary issues between professions or 
between organizations. Professional boundaries refer to disciplinary boundaries such as 
what a registered nurse can do as opposed to a licensed practical nurse or nurse 
assistant. Some tasks are out of scope of certain professions and that knowledge is 
needed for workflow planning. Organizational boundaries model teamwork across 
different healthcare settings. Crossing organizational boundaries will require the 
reconciliation of policies and procedures such as for data collection and sharing.    

3.2. Methodology for Team Ontology Modeling 

As we analyzed the data to develop the ontology we drew upon the case studies and 
literature as to how the different concepts fit together and how healthcare teams should 
be modeled. The starting point for modeling healthcare teams is the five macro 
processes of the continuum as they were consistent across all teams. However the 
manner in which the continuum is implemented will differ.  The most significant 
modeling consideration is the team structure as that will impact implementation of the 
other concepts. Multidisciplinary team (e.g. knee replacement recovery) cases are quite 
structured. Members work parallel to each other and collaboration only occurs as 
necessary. The different continuum processes are reconciled to achieve the final 
outcome but information and communication exchange is on an as needed basis. 
Interdisciplinary teams (e.g. palliative care) deal with more complex patient cases and 
thus care delivery of the continuum processes involves integrated collaboration to 
ensure the entire team has a common understanding of the patient’s situation and that 
all team members contribute to defining the patient goals and care delivery to support 
these goals. Interdisciplinary care delivery will affect information and communication 
needs as team members not only need to see what other team members are doing but 
they also work in an integrated manner during continuum processes such as assessment 
or care planning. Further the decision making process in interdisciplinary teams must 
represent a consensus decision of all team members and not a decision by one team 
member. The most significant aspect of the modeling method is that teams are dynamic 
entities. A change in the team structure will require a new model as each team 
instantation will implement the micro level concepts differently.  
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4. Discussion  

This is the first comprehensive model of healthcare teams that defines the continuum of 
teamwork and the supporting concepts that instantiate the continuum in a specific 
setting. Our ontology represents teamwork as both a structure and a set of concepts that 
work within that structure in the delivery of healthcare services. We identified a 
common continuum of five processes that all teams engage in but also identified that 
the implementation of these processes depends on a number of factors including the 
team structure, the data and communication needs of the team and its members, and the 
governance of the team.  The key implication for ICT design is to support teams is that 
design cannot be done with a one size fits all mindset. ICTs to support teamwork must 
be designed to enable run time agility in how it supports team processes for two key 
reasons. First is because in our case data we observed that a team may work under 
different team structures depending on the patient circumstances. The necessary 
process support will change with each structure. Second, teams constantly change 
providers and they will have different information and communication needs. This 
study also demonstrated the value of adapting research from other domains to influence 
ICT modeling and design in healthcare. The SCORM and its use for designing 
integrated systems in the supply chain domain was the inspiration for our ontology.  

One shortcoming of this paper is that it was based on one set of case studies and 
one literature review. We anticipate other team based concepts will emerge in other 
settings.  Future iterations of our ontology will incorporate additional concepts as well 
as mapping the ontology to controlled terminologies such as SNOMED-CT and to 
architectures such as openEHR to assess their abilities to support healthcare teams.  We 
are also using the ontology to model team based simulations to develop standards and 
best practices to support the management of healthcare teams.   
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