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Although our work process involved distributing the complete RFI to all participants, individuals tended to focus on specific portions of the RFI.  To ease readability and understanding, individual passages are credited to their respective authors. In addition to the credited authors, however, it is important to recognize that many others participated in the process and many of their views are represented throughout the various responses.  Project details, working notes, and meeting minutes can be accessed at http://ontolog.cim3.net/cgi-bin/wiki.pl?NhinRfi.

About Ontolog
Ontolog is an open, international, virtual community of practice working on business domain ontologies.  It has over 100 members spread over 13 countries, to date.  The community was convened in 2002 to:

· Discuss practical issues and strategies associated with the development of both formal and informal ontologies used in business, and

· Identify ontological engineering approaches that might be applied to eBusiness standardization efforts.

Towards these ends, the Ontolog community has been working actively with the OASIS UBL technical committee, a number of associated international standards bodies that are contributing to the development of open eCommerce standards, various groups within the federal government that are concerned with semantic interoperability, and groups within the health care community that are involved with conceptual modeling and formalization.  Ontolog welcomed the opportunity presented by the RFI to consolidate and extend our thinking about the application of ontological engineering as it applies to health care.

What are Ontologies?
A formalized ontology is nominally an explicit specification of the conceptual understandings shared by a community of practice.  A formalized ontology seeks to provide complete, explicit, and unambiguous semantics for a targeted set of concepts within a domain of discourse, expressed in a computable language.

Ontologies are a key enabler for semantic interoperability between disparate systems.  For that reason, ontologies and ontological engineering represent emerging models for advanced IT systems, and are getting increased attention from both system developers and those responsible for setting IT policy.  Because ontologies allow various aspects of policy to be “abstracted out” of the system, enabling them to be managed and updated separately, they enable more sophisticated automated behaviors than would be practical with traditional, hard-coded software development approaches.

Ontologies in Health Care
Medical ontologies are not a new idea.  NIH, for example, is already an established leader in this field (see Kathy Lesh’s slides from Dec 9,2004 at http://colab.cim3.net/file/work/Expedition_Workshop/2004-12-09_CoherenceInKnowledge/Kevric-NSF-2004_12_09.ppt). Protégé, which is partially funded by NIH, is one the leading ontology development tools.  Space does not allow us to provide a complete inventory of all applicable examples (see the www.openclinical.org portal for specific initiatives), but the trends are clear.

Y-P, P-A, M-M, S-B, C-K:

Thesis

We believe that the development, refinement, and integration of advanced biomedical ontologies are critical to the success of the NHIN.

Our argument includes the following:

· An assessment of some of the fundamental "Problems" that ONCHIT ‘s NHIN initiative is likely to encounter.

· A listing of core design principles that will be essential to the development of a viable solution.

· Elements of an overall implementation strategy, designed to deal with the identified issues.

Various past and current efforts at information integration have failed because of the following reasons:
· Information models are created from scratch, rather than reusing earlier work.  This entails wasted effort from debugging and validating the new models, rather than reusing existing debugged and validated models. 

· Information models are created, ad hoc, by individuals and/or committees who are not systematically extending validated foundational models and who are not trained in the appropriate disciplines.

· Information models fail to conform to the best practices of the knowledge representation and applied philosophy communities.  This is related to the reuse issue, described above.  The resulting models repeat prior mistakes instead of leveraging existing solutions

· The representation languages which are used are either/both: 

· Informal -- Leaving the interpretation of the model to human comprehension of ambiguous natural language.

· Insufficiently expressive -- Leading to the improper overloading of simple representational features.

· Issues of concept definition are confused with issues of language (terminology) and/or issues of knowledge (facts). 

· Insufficient tool support.

· Insufficient education and training of model authors.

· The existence of too many implicit assumptions in the resulting models that make them brittle.  These assumptions are often undermined at a later time, when program scope changes or is expanded.

· A divergence of models created by different authors, due to the lack of an objective and automated conformance and validation process.

We believe that in order for the vision of the National Health Information Network to be realized, the resulting system must be designed around the following architectural principles:
· Reliance on open information models that can evolve and support industrial, governmental, and academic participants and thus enable the development of open software tools.

· Use of formal ontologies, where the meanings of all terms are made explicit and the language in which the definitions are expressed is also open, formally defined, standard, machine-understandable, and computable. 

· All formalized semantics reflect the real-world terms and definitions used for the most common and general concepts in our world.  This needs to be done to ensure 1) effective communication among practitioners and patients (the ultimate users of any solution), and 2) that the conceptual scope is defined sufficiently-broadly to accommodate future requirements, opportunities, and expansions.

We propose the following be included in the NHIN to ensure that the resulting systems meet all of the technical, social, and policy challenges that they can be expected to encounter:
· The use of open-source ontology development tools and environments (such as Protégé).

· The use and reuse of formal ontologies -- in general -- and the adoption of a formal, common, upper ontology, in particular (such as one which could be developed through the mapping of the HL-7 RIM into SUMO).  This would allow domain ontologies to be developed as extensions of the common upper ontology in such a way as to ensure compatibility, interoperability, and efficient use of development resources. 

· The use of standard formal representation languages (such as the Ontology Web Language and Simplified Common Logic).

· A program of education to train key organizations and personnel about ontology building, ontology reuse, and ontology tools, and ontology-based system architecture and design.

· An objective and automated formal conformance and validation process for health and medical ontologies. 

· Reliance on an open collaboration model of stakeholder engagement.  This would include the engagement (and possibly even the formation) of multiple, open communities of practice to harness the distributed human, knowledge, and financial resources that could bootstrap and speed the development and continuous improvement of the envisioned National Health Information Network. 

General
1.
The primary impetus for considering a NHIN is to achieve interoperability of health information technologies used in the mainstream delivery of health care in America. Please provide your working definition of a NHIN as completely as possible, particularly as it pertains to the information contained in or used by electronic health records. Please include key barriers to this interoperability that exist or are envisioned, and key enablers that exist or are envisioned. This description will allow reviewers of your submission to better interpret your responses to subsequent questions in this RFI regarding interoperability.
C-K, S-B, N-B:

Our answers address difficulties that the Ontolog group has with ONCHIT’s definition of the NHIN.

The Request For Information by the Office of the National Coordinator for Health Information Technology (ONCHIT) solicits the health community and other interested parties to identify potential issues with the design and road map for the NHIN, and by so doing, seek to improve the final proposal and resulting implementations.

At first, it appeared unclear to us whether the RFI was describing merely an IT system, or sought input on the whole system, including critical aspects of the associated social networks.  Although ONCHIT's currently envisioned solution is not described explicitly in the RFI, it is possible to make assumptions about it based on the nature of the questions asked and the wording of those questions.

The document appears to reflect an ongoing series of discussions with health information professionals.  The four explicit goals listed in the RFI are an excellent starting point, but they are not fully reflective of the full sets of interests (and associated values) that will need to be applied to design viable solutions.  We can expect to see numerous tradeoffs that will make it prohibitively difficult to predict the resulting negotiated policies without such broad-based involvement.

More specifically, the RFI seems be based on the idea of a monolithic database solution.  Although the term "network" is used throughout, we are unclear about how it differs for a database solution.  In fact, the term "network" could be replaced by "database" at most points in the document with no discernable change in meaning.  Consistent with this interpretation, most of the issues that are presented for comment are typical of large database initiatives. 

For example, we see in question #23 a discussion of the design principles for a technical architecture.  We find this to be incredibly limited and problematic, as our working definition of the NHIN is not just an IT network but includes the broader social networks that will interact with the resulting automated systems.  We view the NHIN has a complex, indeed "organic" system, that cannot be reliably engineered.  The recent news reports of the problems that the FBI had with their multi-million dollar Virtual Case Management system is but one example of this phenomenon (LA Times, Jan 13, 2005: "New FBI Software May Be Unusable").  From working on large IT systems and reviewing the work of others, we have concluded that it is prohibitively difficult to engineer large, organic solutions.  Instead, you should focus on engineering the context for emergence, as any single technical architecture will either be inherently unstable or function as a barrier to needed change.

Our working definition of the NHIN anticipates various technologies and technology capabilities throughout its lifespan.  It anticipates that processes, policies, and practices will evolve through time.  It expects that the perceptions, understandings, and prioritizations of needs and opportunities will change, as well.  In short, we expect the NHIN to be naturally dynamic, supported by iterative and distributed software development cycles.  Instead of a single monolithic system, we expect that the NHIN will look more like the World Wide Web, where multiple tools and systems interact on the basis of established data standards.  These tools and systems developed and administered in a distributed fashion, enabling the NHIN to be able to evolve to meet changing objectives.

But data standards, alone, are not likely to be sufficient.  Data standards enable interoperability across multiple tools, but here we need to ensure interoperability across complete architectures and even "interoperability" between automated systems, the various policy making apparatus that will interact with it, doctors, patients, and others.  This will require a rich set of languages, standards, and conventions.  We are dealing with some 4,000 hospitals, over 800,000 physicians, and nearly 300,000,000 patients. How can alignment be ensured across these various contexts?  This is where the formalization of ontologies becomes critical and why we recommend that ontological development become a central aspect of the NHIN architecture.

Although much ontological work is currently being done within the health care community (see www.openclinical.org), the efforts are somewhat chaotic and not likely to supporting the NHIN's goals of reliable interoperability.  These efforts serve as a good starting point, but need to be augmented.  It is our view, that by taking an ontological approach to support the distributed development, implementation, and operation of the NHIN, many of the issues outlined in the RFI will be resolved at a fundamental level, without the need for significant corrective action.

If properly conceived of an implemented, the NHIN will function not just as an information network, moving data, but a knowledge network, enabling intelligent behavior across a wide range of automated, organizational, and individual agents.  Focusing policy and architecture on knowledge utilization and performance will enable and accelerate the formation and application of new knowledge, identify and eliminate incorrect and obsolete knowledge, and improve the flow of critical knowledge assets into the hands of those who need it, both practicing physicians, their anxious patients, and others.

P-A:
A key aspect of successful interoperability is shared meaning. The current state of practice in information systems is to develop interfaces between pairs of systems, where the interface strictly addresses the information of concern only to that pair. Efforts to employ common syntax are a necessary start, but do not solve the interoperability problem. 

Much effort is currently being spent on redefining data models in XML syntax. Sharing a standard syntax can greatly improve the ease of integration across a large infrastructure. However, shared syntax is not sufficient without shared meaning. For that reason, an increasing amount of effort in the IT industry is being spent on developing shared XML schema. However, that too is insufficient, since such efforts tend to address constrained domains that are likely to break when requirements expand. Such efforts, by being specific to particular industries, also fail to reuse the best and most general information models that exist across domains. Lastly, even when schemas are shared and terms are carefully defined in English (or another human language), the meaning of a term is only as clear as its English definition. English sentences are invariably subject to ambiguity, vagueness and issues of how context affects meaning and interpretation. 

The solution we envision has several parts, to address each of the key barriers just described. We believe that shared meaning is a critical aspect of interoperability. To have shared meaning we must have not only a common syntax, but also a common vocabulary. That common vocabulary should be defined in terms of the broadest and most general foundation concepts, in order to have robustness when requirements change or expand. The common vocabulary must be defined in a formal and computable language, so that interpretation of meaning can be supported by computers, and not subject to human interpretation. The common vocabulary should reuse as much general conceptual infrastructure as possible, in order to amortize costs over the widest possible set of interfaces, and to ensure the quality that comes from repeated use and testing of common information products. 

Specifically, we believe that a formal upper ontology, defined in logic, is a necessary component in achieving large-scale interoperability. We envision a hierarchy of ontologies that build from a common semantic foundation.

2.
What type of model could be needed to have a NHIN that: allows widely available access to information as it is produced and used across the health care continuum; enables interoperability and clinical health information exchange broadly across most/all HIT solutions; protects patients’ individually-identifiable health information; and allows vendors and other technology partners to be able to use the NHIN in the pursuit of their business objectives? Please include considerations such as roles of various private- and public- sector entities in your response.
P-A:
A fully formal and logical model will help to ensure that clients and participants in a common health network will be able to understand how to connect to the common information model. The current practice often involves discussion with model "experts" or authors in order to understand fully what is meant by each term. A formal model will help ensure that all information and context is fully explicit, and nothing is left unstated and only in the head of the designer. 

We believe that a completely open information model is also a necessity. Vendors must be able to use the common model without fee in order to spur adoption. The open source model will mean that academic institutions will be able to employ student resources to assist in infrastructure development, research and use, which would be much less likely if models were costly and proprietary. 

While a formal, common information model does not directly address privacy issues, the use of a general upper model will ensure that many real-world aspects that have an impact on privacy can be successfully modeled, and therefore be taken into account in an integrated system that handles privacy concerns in both storage and access.
3.
What aspects of a NHIN could be national in scope (i.e., centralized commonality or controlled at the national level), versus those that are local or regional in scope (i.e., decentralized commonality or controlled at the regional level)? Please describe the roles of entities at those levels. (Note: “national” and  “regional” are not meant to imply federal or local governments in this context.) 

P-A:
We believe that a hierarchy of information models will be needed. The upper ontology will be centralized and standard. We believe that there will be significant benefit in having some standardized, centralized body of health ontology information as well. If there is a proliferation of vocabularies with overlapping semantics, we will not be able to achieve the goal of interoperability. 

There have been several barriers to large common information models in the past

· The language in which models have been stated is insufficiently expressive, leading to "overloading" of language aspects for uses they were not intended 

· The language is insufficiently explicit, leading to a "grab bag" of models which are not provably overlapping, but which in fact are mutually redundant or inconsistent 

· The language is insufficiently formal, requiring human experts to understand the implicit definitions of terms in the model in order to assess whether model additions are redundant or contradictory 

· The model doesn't inherit from a common upper model, leading to duplication of general purpose concepts, and a proliferation of incompatible upper level concepts which each build in different simplifying assumptions.
Organizational and Business Framework   

4.
What type of framework could be needed to develop, set policies and standards for, operate, and adopt a NHIN? Please describe the kinds of entities and stakeholders that could compose the framework and address the following components:  

C-K, S-B, N-B:

To function as an effective mechanism for alignment, a formalized ontology should reflect shared conceptualizations.  Developing consensus around the "social ontology" can be difficult.  As we pondered this issue, we initially envisioned some type of policy board working in parallel to the recommended ontological engineering effort to provide input and resolve issues of semantic ambiguity, when they arise.

When we learned about the existence of the Dr. Brailer's Leadership Panel, comprised of the CEOs and CIOs from Fortune 500 companies, we saw this as an excellent basis for forming the need policy board.  As they represent a significant portion of the demand for health care (roughly 60% of spending, see http://www.cio.com/archive/101504/healthcare.html ), they represent a balanced set of interests involving both cost effectiveness and quality of care.

Augmented with appropriate governmental and NGO interests, the resulting policy board would not only enable the efficient resolution of various ontology policy and ontology engineering issues, but could be expected to effectively address other strategic health policy issues, as well.

a.
How could a NHIN be developed? What could be key considerations in constructing a NHIN? What could be a feasible model for accomplishing its construction?
C-K, S-B, N-B:

Central to our thesis is that the NHIN needs to be (and will be) developed in a decentralized, distributed fashion.  Formalized ontologies will enable the necessary data standards and policies to be effectively aligned.  Further, we expect that the policy board, when properly engaged will identify opportunities for operational improvement and associated automation opportunities that, in many cases, will be implemented without centralized funding.  If the policy board is augmented with a clearing house to collect lessons learned, best practices, and the results of other prototyping activities, local successes will be able to be scaled, as appropriate.

b.
How could policies and standards be set for the development, use and operation of a NHIN?
C-K, S-B, N-B:

This is one of the primary functions of the envisioned policy board.  The primary challenge is to balance competing stakeholder interests and not let narrow sectors dominate decision-making.  Leveraging representatives of the Fortune 500 helps ensure the balanced set of commercial and economic interests required for patient-centric policies and solutions.

c.
How could the adoption and use of the NHIN be accelerated for the mainstream delivery of care? 

C-K, S-B, N-B:

Open standards and processes enable distributed development and experimentation.  Successes can be leveraged.  Mistakes can be marginalized.  Formalized ontologies ensure needed levels of alignment and interoperability.

d.
How could the NHIN be operated? What are key considerations in operating a NHIN?
5.
What kind of financial model could be required to build a NHIN?  Please describe potential sources of initial funding, relative levels of contribution among sources and the implications of various funding models.
C-K, S-B, N-B:

Can expect to need seed funding for the policy board, ontology engineering functions, and resulting development of data standards.  Some development projects are all but certain to be funded independently based on local business value and/or commercial opportunity.  Some project will need more centralized funding, based on the recommendations of the policy board.

6.
What kind of financial model could be required to operate and sustain a functioning NHIN?  Please describe the implications of various financing models.  

C-K, S-B, N-B:

Expect a mix of both local and centralized funding.

7.
What privacy and security considerations, including compliance with relevant rules of the Health Insurance Portability and Accountability Act of 1996 (HIPAA), are implicated by the NHIN, and how could they be addressed?
C-K, S-B, N-B:

This is a complicated set of related issues that will have to be worked out through time.  The important thing is to design system and associated technical architectures that will enable these policy changes to be implement with least disruption.  We believe that ontology-based architectures are critical to ensuring the longevity of investments in the face of the anticipated policy changes.

8.
How could the framework for a NHIN address public policy objectives for broad participation, responsiveness, open and non-proprietary interoperable infrastructure? 

C-K, S-B, N-B:

The strong consumer interests on the proposed policy board will help ensure that the resulting data standards and specifications are open and provide a baseline for competition, not restrict it.

Management and Operational Considerations 

9.
How could private sector competition be appropriately addressed and/or encouraged in the construction and implementation of a NHIN?
C-K, S-B, N-B:

If consumer interests are empowered to drive the core policies and standards, they can be expected to work to ensure competition. Once the large consumer interests on the policy board reach consensus on needed functionality, we can expect many to implement these capabilities within their own companies to realize the associated cost savings.  From there it is a relatively small step to sharing and system-wide deployment.

Open ontologies and open data standards will facilitate multiple, commercially-viable implementations and enable software providers to identify a niche markets that result in a wider variety of tools and solutions.  Accordingly, our recommendation can be expected to result in a competitive market for the technology suppliers and consumers involved in the construction and implementation of the NHIN.

10.
How could the NHIN be established to maintain a health information infrastructure that:

a.
evolves appropriately from private investment; 

b.
is non-proprietary and available in the public domain; 

c.
achieves country-wide interoperability; and 

d.
fosters market innovation.
B-N:

There are several factors that will be important for maintaining the health information infrastructure.

· First, we must account for advances in computer technology. It is likely that computers will become smaller, have greater processing power and storage, and will communicate wirelessly at high communication bandwidth.

· Second, we should follow the best practices that have been used in other industries to foster collaboration and create value for consumers. The industries that have created economic growth through collaboration technologies are the retail supply chain, air travel, and financial services.

· Third, we must adopt technologies that will increase collaboration and enable the marketing of our network, including enterprise architecture and Web Ontology Language (OWL).

· Fourth, consumers and physicians will become more computer literate, and the NHIN should factor growing computer literacy into its business model. We propose that these four principles be applied when planning for maintenance and enhancement of the NHIN. 

Private investment in the network must be carefully calculated and iterated. While there may be a need for tax on a service or transaction, there is great potential for health care tax slowing automation and price deflation.  One example of taxation slowing economic growth is in the telecom industry. Voice over IP technology has depreciated the cost of a phone line by logarithmic portions. However, per phone line level taxation is preventing further price erosion because the taxes now represent 50-70% of the cost of a phone line. In addition, passing and changing tax laws is a notoriously difficult process. Voters inherently do not trust taxes. Whatever financing method is chosen for the network it must facilitate automation and price erosion.

An ontology is a vocabulary with structured relationships that can be understood by man or machines. For an ontology to be adopted it must be marketed and iterated and it must have terms whose meaning is inherent those that use it. Healthcare ontologies are used today. One example of this is the ICD-9, illness classification ontology system. This system represents classifications of illness such as the flu, the common cold, and a sprained ankle.  The primary application of this ontology is as the inventory item attribute on an insurance claim.

A patient goes to a doctor because they have a runny nose. The doctor diagnoses the illness as a common cold. The doctor completes a claim form and uses the ICD-9 code 'common cold' and submits to the insurer.   One of the features of ontologies is that they enable multiple hierarchies and different views of the same vocabulary.  In that context we could view ICD-9 as the doctor-insurer view of disease classifications. It could be possible that a new view of disease classifications could be created that faces consumers and has hierarchies and views that are meaningful to a consumer.  For example, Arthritis, a herniated disk, and a fractured vertebrae are examples of illnesses.

A consumer searching for a doctor may not know if they have any of these illnesses and may search on the term 'Back pain'. A view and hierarchy based on consumer vocabulary could be incorporated into the ontology and used to create an electronic marketplace. When a consumer searches on 'Back pain', all of the ICD-9 codes in that hierarchy, the physicians who are qualified to treat, and their pricing, could populate a consumer's search for healthcare providers. At the same time much of the pricing in health care is already done using ICD-9.

With some nudging from regulators to make this reality, consumers and employers could shop for health care online using EBay or Travelocity style electronic commerce based on the ICD-9 illness classification ontology and a consumer view incorporated into the ontology. This new marketplace will create new business models and destroy poor ones. This is a great opportunity for a healthcare network to pay for itself while leveraging already existing data integrity.

11. How could a NHIN be established so that it will be utilized in the delivery of care by healthcare providers, regardless of their size and location, and also achieve enough national coverage to ensure that lower income rural and urban areas could be sufficiently served?

C-K, S-B, N-B:

To the extent that the competitive market place that we envision does not provide needed capabilities to all communities, we would expect various governmental functions to step in and invest in the required infrastructures.  These investments are likely to be reduced due to the higher level of competition in the market, overall.

We have not elected to draft specific responses to the remaining questions, as most of the issues have already been covered fully in our previous answers.  In short, our position is that ontological misalignments throughout the health care value chain raise costs, either adding expense or creating breakdowns the prohibit needed actions.  We believe that an ontology-focused approach to the NHIN would improve overall effectiveness, control costs, and reduce risks of failure.
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