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a b s t r a c t

Patient-centered medical home is defined as an approach for providing comprehensive primary care that
facilitates partnerships between individual patients and their personal providers. The current state of the
practice transformation process is ad hoc and no methodological basis exists for transforming a practice
into a patient-centered medical home. Practices and hospitals somehow accomplish the transformation
and send the transformation information to a certification agency, such as the National Committee for
Quality Assurance, completely ignoring the development and maintenance of the processes that keep
the medical home concept alive. Many recent studies point out that such a transformation is hard as it
requires an ambitious whole-practice reengineering and redesign. As a result, the practices suffer change
fatigue in getting the transformation done. In this paper, we focus on the complexities of the practice
transformation process and present a robust ontological model for practice transformation. The objective
of the model is to create an understanding of the practice transformation process in terms of key process
areas and their activities. We describe how our ontology captures the knowledge of the practice transfor-
mation process, elicited from domain experts, and also discuss how, in the future, that knowledge could
be diffused across stakeholders in a healthcare organization. Our research is the first effort in practice
transformation process modeling. To build an ontological model for practice transformation, we adopt
the Methontology approach. Based on the literature, we first identify the key process areas essential for
a practice transformation process to achieve certification status. Next, we develop the practice transfor-
mation ontology by creating key activities and precedence relationships among the key process areas
using process maturity concepts. At each step, we employ a panel of domain experts to verify the inter-
mediate representations of the ontology. Finally, we implement a prototype of the practice transforma-
tion ontology using Protégé.

� 2016 Elsevier Inc. All rights reserved.

1. Introduction

The US primary care system is struggling. Increasing demands
and expectations, coupled with diminishing economic margins,
have created a challenging work environment [1]. A key to the sus-
tainability of primary care has been attributed to an approach
called the ‘‘patient-centered medical home” (PCMH). PCMH is
defined as a method for providing a comprehensive primary care
which facilitates partnerships between individual patients and
their personal providers, and when appropriate, the patient’s fam-
ily [2]. The key characteristics of PCMH are to foster the ongoing
relationship with a personal physician, to promote physician-
directed medical practice, to develop whole person orientation,
to create care coordination, to assure quality and safety, to provide

enhanced access to care, to support team care, and to support
value-added payment. For example, a provider may know all of
his/her patients by first name, but without a backup system, the
provider’s interactions with the patients cannot be documented
and shared with the rest of the care team. Similarly, if an answer-
ing service cannot document all of its interactions with patients
and provide evidence of the responses provided to patient queries,
then no follow-up is possible. Without the crucial element of a for-
mal call-back system in place, the coordination of care will suffer.
This challenge is especially acute in the case of patients with com-
plex chronic diseases. The provider cannot assure its patients of
optimal care, no matter how personal and high-quality the interac-
tions between patients and providers may be [3]. As the PCMH
approach is quite different from the traditional model of practice,
changes are needed in a practice to transform from the traditional
delivery model to the PCMH model [4]. These changes constitute
the practice transformation process (PTP) (see Table 1).
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The current state of PTP is somewhat ad hoc and no methodolog-
ical basis exists for transforming a practice into a patient-centered
medical home. There exist several PCMH certification agencies,
such as NCQA, BCBS of Michigan Physician Group Incentive Pro-
gram, The Accreditation Association for Ambulatory Health Care,
The Joint Commission to certify (http://www.jointcommission.
org/assets/1/18/Joint_Commission_PCMH_model.pdf), etc. As the
NCQA’s certification program is the largest [5], we use this program
as the basis for our research.

Practices and hospitals somehow achieve a certification level
and send their information to a PCMH certification agency like
the National Committee for Quality Assurance (NCQA) and BCBS
of Michigan for practice certification [5], or wait for the Joint Com-
mission visit to certify the hospital, completely ignoring the devel-
opment and maintenance of the processes that keep the PCMH
concept alive. Recent studies [6–8] point out that the change is
hard, as it requires an ambitious whole-practice reengineering
and redesign. Such a practice transformation includes new
scheduling and access arrangement, new coordination planning,
group visits, new ways to improve quality care, development of
team-based care, multiple uses of information systems and tech-
nology, and other activities.

In this paper, we focus on the complexities of PTP and observe
that one way to address the problem would be to create a scientific
and robust ontological model that standardizes the practice trans-
formation process. Ontologies have been used extensively in med-
ical applications, such as developing clinical pathway guidelines,
care pathways, and clinical decision support. Our goal is to develop
an ontology that helps standardize the practice transformation
process. Such an ontology will include a multitude of key process
areas that are needed to transform the practice, as well as the
precedence relationships among them. These can then be used
by the practice to understand what steps are needed for transfor-
mation, so that it can attain NCQA’s certifications.

The International Standards Organization (ISO) defines a stan-
dard as ‘‘a document that provides requirements, specifications,

and guidelines that can be used consistently to ensure that mate-
rials, products, processes and services are fit for their purpose”
(http://www.iso.org/iso/home/standards.htm). The standardiza-
tion process includes two phases: generation and diffusion [9]. Dur-
ing the generation phase, standardization is launched, with
different sponsors coming together to sketch the goals and purpose
of the initiative. During the diffusion phase, the standardization
results are distributed among the affected individuals.

An ontology helps share common understanding of the structure
of information, enables reuse of domain knowledge, makes explicit
domain assumptions, and analyzes domain knowledge [10]. These
are the major motivations behind developing the ontology for prac-
tice transformation. If the ontology can accurately capture the PTP
standards elicited from expert panels, we believe that it would pro-
vide an effective platform for diffusing the standards across key
stakeholders in a healthcare organization, so that it can ascend to
higher levels of process maturity and PCMH recognition. The ontol-
ogy would facilitate the diffusion of PCMH standards by making it
easier for end users to: understand the domain concepts, their mean-
ings, attributes, instances, etc.; browse the concepts classification
taxonomy; search for specific PTP KPAs and their activities; become
aware of the domain rules and constraints; and reuse and apply the
underlying knowledge base so as to conform to the PTP standards.

We have employed a concept called ‘‘process maturity level,”
which is quite well known in the process maturity literature The
process maturity concept suggests that a process can become
mature by progressing from some initial level (a state) to a more
advanced level (a state). The notion of evolution utilizes stages of
growth, suggesting that the process transitions through a number
of intermediate states on the way to higher maturity states. In our
practice transformation domain, practices also evolve through such
stages of growth. Using the concept of practice transformation
maturity levels, we have developed a grid that relates NCQA’s cer-
tification levels with transformation process maturity levels. Such
a grid provides a visual map for the practices to utilize the ontology
for their transformation.

Table 1
Introducing practice transformation process [4].
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