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Abstract

Objective: To develop a guideline document model that includes a sufficiently
broad set of concepts to be useful throughout the guideline life cycle.
Design: Current guideline document models are limited in that they reflect the specific
orientation of the stakeholder who created them; thus, developers and disseminators often
provide few constructs for conceptualizing recommendations, while implementers de-emphasize
concepts related to establishing guideline validity. The authors developed the Guideline Elements
Model (GEM) using XML to better represent the heterogeneous knowledge contained in practice
guidelines. Core constructs were derived from the Institute of Medicine’s Guideline Appraisal
Instrument, the National Guideline Clearinghouse, and the augmented decision table guideline
representation. These were supplemented by additional concepts from a literature review.
Results: The GEM hierarchy includes more than 100 elements. Major concepts relate to a
guideline’s identity, developer, purpose, intended audience, method of development, target
population, knowledge components, testing, and review plan. Knowledge components in
guideline documents include recommendations (which in turn comprise conditionals and
imperatives), definitions, and algorithms.
Conclusion: GEM is more comprehensive than existing models and is expressively adequate to
represent the heterogeneous information contained in guidelines. Use of XML contributes to a
flexible, comprehensible, shareable, and reusable knowledge representation that is both readable
by human beings and processible by computers.
䡲 J Am Med Inform Assoc. 2000;7:488–498.

Over the last decade, clinical practice guidelines have
become increasingly important repositories of knowledge about ideal practice. Built on a careful analysis
and understanding of research evidence combined
with expert consensus, a flood of guidelines are being
created in an effort to diminish inappropriate practice,

to improve health outcomes, and to control costs of
care.1
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Sponsoring organizations most often publish practice
guidelines as paper-based, prose documents, which
sometimes include algorithmic flowcharts. These
publications are typically unavailable during clinical
consultations. Zielstorff2 noted that while electronic
dissemination can ‘‘solve the problem of accessibility
to the guideline itself . . . access to knowledge embedded in the guideline can still be problematic.’’ She
called for defining guideline knowledge in ‘‘standard
interchange formats that permit installation in a wide
variety of technical infrastructures.’’ Guideline querying, electronic distribution, and decision support
systems that implement the guideline’s recommendations can all be facilitated when the knowledge contained in the guideline is represented in digital form.
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The proposed Guideline Elements Model (GEM) is intended to serve as a document model, i.e., an ideal-
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ized abstraction of a guideline document that masks
certain details to bring forth others (after Degoulet
and Fieschi3). By describing concepts pertinent to
guideline representation, attributes of those concepts,
and relationships among the concepts, GEM promotes
translation of natural language guideline documents
into a format that can be processed by computers. The
framework is intended to be useful to developers, disseminators, implementers, maintainers, and end users
of guidelines.

On the other hand, informatics researchers tend to
model guideline recommendation components in
great detail but often fail to address the concerns of
the health services community, such as evidence
strength and quality, potential biases of sponsors and
developers, and validity checks. For example, although our own augmented decision table model for
representing guidelines knowledge recognized the
importance of ‘‘collateral information,’’ it fell short in
defining a comprehensive set of considerations.8

XML (the Extensible Markup Language) offers a powerful technology for representing electronic documents. It allows both computers and human beings to
access the information in a document and extract it
for reuse or modification.4 In XML, guideline documents are conceptualized as a hierarchy of elements
—basic units of information that store data and define
structure by virtue of their position in a tree.5 Element
tags demarcate text and provide labels that characterize the semantic content of the element. Tagging a
document does not require programming skill, yet it
can create a computer-processible representation of
the knowledge contained in a guideline.

One of the most ambitious efforts to build an electronic guideline representation is the Guidelines Interchange Format (GLIF) of the Intermed Collaboratory. GLIF includes constructs for the name of a
guideline and its authors, purpose, and eligibility criteria, but it specifies only a vaguely defined component called didactics to ‘‘provide background or supporting information.’’9 The emphasis in GLIF is on
detailed specification of guideline recommendations.

An XML document type definition (DTD) models the
names of allowable elements and attributes in the document, the content of each element, and the structure
of the document (i.e., the order and cardinality of each
element). A validating parser can ensure that any
tagged document conforms to the DTD. A parser
(such as Internet Explorer 5) can read an XML document file and populate a tree in memory, thereby exposing all the elements and attributes to manipulation
by an application.6 That application might, for example, select certain components for presentation to the
user (e.g., costs) or interact with facts in a clinical database to provide guideline-based decision support.
Several stakeholders combine their efforts to develop,
disseminate, implement, and maintain the knowledge
contained in guidelines throughout the guideline life
cycle. Not surprisingly, therefore, the models that
have been created to represent this knowledge vary,
depending on the orientation of the stakeholder.
Models devised by those who build and evaluate
practice guidelines tend to emphasize descriptions of
the methods applied in guideline development, issues
of guideline testing and maintenance, and details
about the sponsors, objectives, and intended audiences; however, they often provide few details for
conceptualizing recommendations. For example, the
National Guideline Clearinghouse (NGC) model contains most of the concepts found in the health services
literature, yet it provides only a single slot for ‘‘Major
Recommendations.’’7

Since different stakeholders who work with a single
guideline have different information needs and require different computer applications to support those
needs, an ideal electronic model of a guideline should
be capable of representing all pertinent aspects of the
document. In this work we attempt to bridge the deficiencies in existing designs by proposing a guideline
model that includes a more comprehensive set of
components. It would be naı̈ve to believe that any
model could completely meet the needs of all current
and future users. We therefore set a goal of creating a
‘‘more comprehensive’’ model that would represent
the most important guideline components and be sufficiently flexible to allow future extensions if needed.
In this work, we describe our approach to developing
GEM, followed by a presentation of the model itself.
We next illustrate how a variety of guideline models
from both the health services and informatics literature map to GEM, and we briefly describe our experience modeling a variety of published guidelines
with GEM. We conclude with a discussion of attributes of an ideal guideline document model.

Approach to Model Development
We relied on three primary sources to form the core
set of guideline elements. First, for concepts related to
guideline development and evaluation, the Institute
of Medicine’s Provisional Instrument for Assessing
Clinical Guidelines provides a detailed set of evaluation criteria for practice guidelines.10 The purpose of
this instrument was to define the attributes of ideal
guidelines, to encourage systematic guideline development, and to provide a standardized approach and
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structure for the assessment of guideline documents.
It consists of 46 questions related to seven guideline
attributes: validity, clarity, multidisciplinary process,
clinical flexibility, reliability and reproducibility, clinical adaptability, and scheduled review. Pertinent constructs for GEM were extracted from these questions.
Second, for concepts related to guideline dissemination, the NGC provides an online resource for evidence-based guidelines.7 Sponsored by the U.S.
Agency for Healthcare Research and Quality (formerly the Agency for Health Care Policy and Research), the American Medical Association, and the
American Association of Health Plans, it provides a
schema for classification of the components of guideline documents. This model includes a set of ‘‘key attributes’’ for summarizing each guideline to facilitate
search and retrieval of information from the NGC
Web site and comparison between guidelines. The
NGC also offers several sets of controlled vocabulary
constructs to describe concepts in the model.
Third, for concepts related to implementation of
guideline recommendations, we apply a set of constructs derived originally from the augmented decision table model.8 This approach has been used to represent knowledge derived from:
䡲 Guidelines from a variety of sources, including the
American Academy of Pediatrics, the American
College of Physicians, the Agency for Health Care
Policy and Research, the U.S. Preventive Services
Task Force, and a managed care organization
䡲 Guidelines that address multiple topics, including
diagnosis of appendicitis,11 risks of hypercholesterolemia,12 indications for coronary artery bypass
graft,13 and management of asthma14
䡲 Guidelines that were created using both evidencebased and consensus methodologies
The original model has been substantially enhanced
and extended. GEM represents a key infrastructure
component for a proposed object-oriented framework
for development of computer-based guideline implementations.15
Constructs extracted from these sources were supplemented by additional concepts derived from published models. We searched the MEDLINE database
(1990 to 1999) using the OVID search engine. The
search strategy looked for ‘‘practice guidelines’’ as a
subject heading and ‘‘guideline’’ as a text word. The
results were combined with ‘‘knowledge representation’’ or ‘‘model’’ or ‘‘evaluation.’’
In another search we looked for papers that had been
published in the Journal of the American Medical Infor-
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matics Association, Methods of Information in Medicine,
or the proceedings of AMIA annual meetings that addressed guidelines. The bibliographies of selected articles were also searched for relevant publications, as
were the authors’ reference files. Articles were selected that modeled and categorized the content of
clinical practice guideline documents. Papers that
failed to specify detailed modeling constructs and designs that described models of guideline implementations without describing document models were excluded.
Markup using GEM tags was the natural outgrowth
of a system that has been in use in our laboratory
since 1995. Members of the Guidelines Review Group
at Yale have collaborated with the Committee on
Quality Improvement of the American Academy of
Pediatrics to review and critique proposed evidencebased guidelines prior to publication and at the time
of scheduled review. ‘‘Logical analysis’’ is our name
for the cognitive task by which recommendation components are extracted from the natural language text
of clinical practice guidelines and specified in a computable format. The first step in logical analysis has
been to mark up paper-based documents using colored highlighters to identify and categorize guideline
components, such as recommendations, evidence,
costs, patient preferences, and clinical options. The
GEM hierarchy permits much more detailed categorization than is possible with the physical highlighting system.

Proposed Model
As shown in Figure 1, GEM can be depicted as a directed graph with Guideline Document as the root.
The major concepts in the first tier of the GEM hierarchy below the root level are identity, developer, purpose, intended audience, method of development, target population, knowledge components, testing, and
review plan. Each of these elements, in turn, comprises one or more additional levels of guideline constructs.
Components of GEM are defined as XML elements.
Elements have distinct names and are delimited with
start and end tags, e.g.,
具Title典 Diabetic Nephropathy 具Title典
Elements may contain other elements, they may store
text, or they may be empty. Elements may appear as
often as required. Most elements store information
that is presented literally in the guideline text itself,
e.g., release date, name of sponsoring organization,
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F i g u r e 1 High-level concepts in the Guideline Elements Model.

and recommendation text. A small number of metalevel tags provide information about the guideline,
which has been interpreted, e.g., developer.type. To indicate whether an element’s content is explicitly
stated in the guideline document or was inferred by
the person who performed the markup, each element
has an attribute called ‘‘source.’’ The source attribute
can take values of ‘‘explicit,’’ ‘‘inferred,’’ or in some
cases ‘‘NGC’’ (to indicate that the NGC structured vocabulary is used).
GEM has been proposed as an ASTM E31.25 standard
representation for guideline documents. Following
ASTM and HL7 conventions, element names in GEM
are formatted in lower case and words are separated
by periods. In this report, italics indicate specific elements (e.g., title, decision.variable). The complete GEM
hierarchy, definitions for all elements, a GEM template, the document type definition, and the schema
can be viewed at http://ycmi.med.yale.edu/GEM. In
the next sections, we describe the major elements of
the GEM hierarchy.
Identity
Information that identifies a particular guideline document and describes it in general terms is clustered
in the identity construct. The identity element includes
the guideline’s complete title, a citation that references
its publication, its release date, its availability (in electronic and print formats), and a person or organization
that can be contacted for further information. The
status element indicates whether the guideline has
been updated or revised. Since many current guidelines are released as packages that may include patient education materials, foreign language versions,
quick reference guides, and technical reports, a construct for companion.documents is included. An entry
stored in the adaptation element indicates whether the
guideline has been adapted from another publication.
Developer
The organization responsible for development of the
guideline is identified and described. A developer.type

element (e.g., medical specialty society, federal government agency, managed care organization) provides
a structured description of the guideline’s sponsor.
The formal name of the committee within the developing organization as well as its members’ names and
individual or committee expertise are represented. In
addition, sources of financial support for the guideline’s development, the names of organizations that
have endorsed the guideline, and reference to other
organizations’ guidelines on the same topic are included.
Purpose
Purpose elements describe the main health practices,
services, or technologies addressed by the guideline
and reasons for the guideline’s development. Guideline category classifies the major focus of the guideline,
e.g., diagnosis, treatment, or prevention.
The rationale for guideline development (e.g., evidence
of inappropriate practice, wide practice variation) is
subtly different from the objective of the guideline
(e.g., to increase use of a particular test, to diminish
inappropriate use of a therapy), and either (or
both) may be described. The health.outcome element
stores the specific health outcomes or performance
measures that the guideline is intended to affect. The
available.option element describes the principal alternative preventive, diagnostic, or therapeutic interventions that are available. Exception refers to factors that
may permit an exception to be made in applying the
guidelines, including home and family situation and
constraints on the health care delivery system. Strategies, performance measures, and plans for implementing the recommendations may be stored in the
implementation.strategy element.
Intended Audience
The intended.audience element refers to the health care
providers whose behavior the guideline is intended to
influence. It includes both professional.group and
care.setting constructs, indicating where a guideline
recommendation may be applicable, e.g., office, inten-
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sive care unit, or a particular health maintenance organization. The clinical.speciality element applies the
NGC structured vocabulary to categorize the intended
users.
Method of Development
The validity of a guideline’s recommendations is
closely tied to concepts incorporated in development.
method. Evidence-based guideline development processes relate recommendations directly to the scientific
evidence that supports them. Such constructs are
clearly important to developers and implementers
and to end users of guideline recommendations as
well, as they decide whether the recommendations
should influence their behavior.
The description.evidence.collection element refers to approaches taken by the guideline developers to identify
and retrieve scientific evidence. The method.evidence.
collection element stores an NGC structured construct;
number.source.documents refers to the number of
documents identified during evidence collection.
Evidence.time.period refers to the publication dates of
the evidence. Method.evidence.grading stores criteria
used to gauge the quality of information from different sources and may include a formal rating.scheme.
Method.evidence.combination refers to formal methods
of synthesis used to develop summary measures that
reflect the strength of scientific evidence, e.g., metaanalysis, decision analysis, or formal group judgment
techniques.
Specification.harm.benefit describes qualitatively the anticipated benefits, potential risks, or adverse consequences associated with implementing the guideline
recommendations, while quantification.harm.benefit
stores mathematical models and numeric estimates.
The role.value.judgment element stores information related to whose values were applied in determining the
relative desirability of a health practice. For example,
guidelines that optimize health care from the point of
view of the individual patient, the payor, and society
may well differ. Likewise, the role.patient.preference element stores information about how preferences were
applied to determine guideline policies.
Target Population
Target.population refers to the group of persons who
are the subject of the guideline recommendations.
The eligibility element may include criteria—the
inclusion.criterion and exclusion.criterion—that determine the specific portion of the target population for
which recommendations are applicable. For example,
a guideline on managing otitis media in young chil-
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dren defines the inclusion criteria as ‘‘age 1 through
3 years’’ and ‘‘otherwise healthy except for otitis media with effusion.’’ Exclusion criteria are specified as
‘‘craniofacial or neurologic abnormalities’’ and ‘‘sensory deficits.’’16 The NGC specifies sex and age ranges
for categorization of the target population.
Testing
The external.review element stores information about
the findings of persons and groups outside the sponsoring organization, who have reviewed recommendations. The pilot.testing element stores text that refers
to testing of the guideline’s recommendations in clinical settings.
Revision Plan
The scheduled.review and expiration elements store review and expiration dates that help determine the validity of the recommendations in light of new evidence.
Knowledge Components
Knowledge components store and categorize the
expert knowledge that is the salient feature of clinical
practice guidelines. We have classified knowledge.
components into three high-level classes—recommendation, definition, and algorithm—because the sub-elements of each of these call for different approaches to
processing (Figure 2). Each knowledge component
and its sub-tree in the GEM hierarchy are discussed
below.
Recommendation
Recommendations are the unique components that
distinguish guidelines from other clinical publications; recommendations are intended to influence
practitioners’ behavior. When recommendations are
analyzed into atomic concepts (and perhaps encoded
in a structured vocabulary), they can be executed by
a computer’s logic.
Recommendations can be categorized as conditional or
imperative statements. While conditional statements
clearly delineate the situations in which they apply,
imperatives are broadly applicable to the target population and do not impose constraints on their pertinence.
Conditional recommendations can be described in
rules that take the form:
If CONDITION then ACTION(s)
{because REASON(s)}
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F i g u r e 2 Detailed model of the knowledge components hierarchy.

A condition, in turn, is specified by one or more combinations of a decision.variable and its value linked by
comparison operators, e.g., 具decision.variable典platelet
count具/decision.variable典具value典less than 50,000具/value典.
In many cases, the value of a decision variable is not
explicitly stated in guideline text but is implied to be
true or present.
Fulfillment of the condition triggers at least one
guideline-specified action. Reason elements explain
why the action has been triggered. The evidence.quality
that led the guideline developers to call for a particular recommendation and the strength they attach to
a particular recommendation are also tagged. The flexibility element describes optional conditions or actions
that relate to a particular rule and are often recognizable by the presence of ‘‘or’’ statements in the guideline text. Defining a condition and executing an action
often entail an economic burden that can be described
in cost elements associated with an individual
decision.variable or action or with the higher-level conditional. Information about the relationships between
recommendations is stored in the link element. Such
links might define a temporal sequence or a part–
whole relationship or relate one part of the hierarchy
to another. A reference slot can be used to store citations to specific evidence that supports a particular
recommendation. The logic element summarily stores
the Boolean connectives that link component decision
variables and actions; for example:

IF decision.variable 1 AND decision.variable 2
THEN action 1 OR action 2.
At deeper levels of the conditional tree, elements store
information that describes in detail individual decision variables and actions. Specific elements define
quantitative test parameters for individual decision
variables (sensitivity, specificity, predictive.value) and
benefits and risks or harms associated with individual
actions.
In contrast to conditional recommendations, imperative recommendations present broadly applicable directives (which parallel the actions in a conditional
recommendation), e.g.,
A major aspect of initial treatment should consist of
lifestyle modifications, such as weight loss, reduction of salt and alcohol intake, and exercise. . . .17
The laboratory must use a screening procedure that
will detect sickle hemoglobin in the newborn. . . .
Test results must be reported in understandable
language that includes the identified phenotype,
diagnostic possibilities, and sources where additional information may be obtained. The laboratory
also should inform the infant’s mother of the
screening result, unless prohibited by law.18

Imperatives often include terms such as ‘‘require,’’
‘‘must,’’ and ‘‘should’’ but do not contain conditional
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text (e.g., ‘‘if,’’ ‘‘when,’’ ‘‘whenever’’) that would limit
their applicability to specified circumstances. With the
exception of decision.variable elements (which exist
only in the conditional sub-tree), most of the deeperlevel elements of the knowledge components hierarchy are similarly applicable to both imperative and
conditional statements.
Definition
A definition element stores important guideline terminology as well as the meaning of the terms. For
example, a guideline that advises on appropriate diagnostic testing for children with febrile seizures includes a careful definition of ‘‘simple febrile seizure.’’19 A Centers for Disease Control guideline on
hepatitis B immunization recommends more intense
immunoprophylaxis for infants of ‘‘high risk mothers,’’ a high-level concept defined to include intravenous drug abusers and women with sexually transmitted diseases during pregnancy or pre-existing liver
disease.20 Indeed, the American Academy of Neurology has issued a guideline that is expressed as a set
of case definitions—rather than recommendations—
for HIV-associated neurologic disease.21
Algorithm
Many (but not all) guidelines include an algorithm
that is graphically represented in flowcharts. This describes a temporal sequence of activities and the
branching decision logic that implement the guideline’s recommendations. In GEM, a flowchart can be
included en bloc as an algorithm element, or it can be
broken down into its component parts.
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We attempted to map GEM elements to constructs described in these published models. Each publication
was reviewed by at least two authors to establish
whether a particular concept was described in the
publication. Conflicts were resolved by discussion
among the authors. In general, we tended to be liberal
in these mappings, because we recognized that the
published specifications of models might be incomplete.
To represent ‘‘health services’’ models, we selected the
Institute of Medicine’s Appraisal Instrument,10 the
NGC model,7 a proposal for structured abstracts of
scientific papers that describe clinical practice guidelines,22 and a recent evaluation of guideline quality.23
Informatics models of guideline documents include
the Arden Syntax, an international standard for encoding logic in decision support systems24; GLIF, a
knowledge representation intended to facilitate guideline sharing9; a relational model that captures both
structured guideline content and procedural logic25;
PRESTIGE, a generic approach to representation of
guideline knowledge in the European Community26;
a Web-based guideline dissemination system available
nationally on the Kaiser Permanente intranet27,28; and
a model based on augmented decision tables.8

The GLIF specification consists of a collection of
‘‘guideline steps,’’ which are linked in a directed
graph.9 The GEM algorithm hierarchy includes elements derived from the GLIF steps model: action.step,
which specifies a clinical action that is to be performed in the patient-care process; conditional.step,
which directs flow from one guideline step to another
on the basis of evaluation of a criterion; branch.step,
which directs flow in alternate directions; and
synchronization.step, which represents a convergence of
other steps.

In Figure 3, we show the high-level concepts from
GEM that are represented in these selected models. In
general, health services models were more explicit
with regard to developer, purpose, intended audience,
and method of development concepts than were informatics models, as indicated by the density of the
gray bars in those segments. On the other hand, although every model had a construct for ‘‘recommendation,’’ the informatics models tended to atomize
knowledge components into more detailed constructs
than did the health services models. The display is
somewhat deceptive, because each element is given
equal visual weighting. Nonetheless, it is clear that
many informatics models lack constructs for encoding
knowledge about guideline development methodology and validity assessment. Likewise, the health services models under-specify features that facilitate implementation of recommendations.

Mapping

Guideline Markup with GEM

Although considerable research has been focused on
representing guideline knowledge, no single model
has gained wide acceptance. We selected, from our
literature review, a sample of existing models that we
think are representative of a range of guideline document models, to explore our hypothesis that current
models are limited in their comprehensiveness.

The usability and expressive adequacy of GEM were
tested by applying it to a selection of guidelines. The
authors modeled published guidelines as GEM documents from a variety of disciplines that represented
areas of their expertise. Only practice guidelines sponsored by national organizations were modeled, although we believe that the process should be appli-
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F i g u r e 3 GEM constructs represented in a variety of guideline models. A high-level concept was considered to be
present if it or any of its subordinate concepts was described. See text for sources.
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flexibility with respect to the granularity at which individual elements are encoded, and this flexibility
was exploited. This effect was not formally studied
and will be the subject of future research.

Discussion
We propose a document model for practice guidelines
that can store and organize the heterogeneous information they contain. Although the elements identified
in this work could be added to most existing health
services and informatics models, GEM describes concepts and knowledge more comprehensively than do
other current models.
An ideal guideline knowledge model should be:
䡲 Comprehensive, i.e., capable of expressing all the
knowledge contained in the guideline. Existing
health services models of guidelines are inadequate
for expressing the complexity of knowledge components in sufficient detail to facilitate electronic
translations. On the other hand, existing informatics models are insufficient to model constructs that
express and support guideline validity. Lack of confidence in the validity of guideline recommendations may ultimately limit end-user adherence.30
F i g u r e 4 Identity elements from a guideline depicted
hierarchically as a GEM document. Opening and closing
tags are shown in boldface. Contact, status, and
patient.resource are empty. The complete markup of this
guideline may be viewed at http://ycmi.med.yale.
edu/GEM.

cable to local guidelines. No effort was made in this
study to model critical pathways or clinical trial protocols, which may require additional elements. Electronic versions of the guidelines were marked up using Microsoft XML Notepad 1.5, by copying pertinent
text and pasting it into an empty GEM Schema template. The guidelines can be viewed using Internet Explorer 5.0 (or later versions) at http://ycmi.med.yale.
edu/GEM. An example of a portion of a GEM document is shown in Figure 4.
As might be expected, there was substantial variation
in the use of GEM elements from guideline to guideline. No two guidelines—whether produced by the
same organization on different topics or produced by
different organizations and covering the same health
condition—are constructed identically. We noted that
a number of tags were not used to model any of the
documents.
Moreover, as has been noted in the evaluation of GLIF
encoding,9,29 there was considerable variation in the
way modelers analyzed the guidelines. GEM offers

䡲 Expressively adequate to convey the complexities
and nuances of clinical medicine while remaining
informationally equivalent to the original guideline.29 Most tagged elements in GEM store the actual language of the guideline, thereby remaining
true to the original. Moreover, GEM does not require recommendation knowledge to be structured
in a temporal sequence, an often artificial transformation necessary for algorithmic representations.
䡲 Flexible, i.e., a useful model must be able to deal
with the variety and complexity of guidelines.31 The
representation should permit modeling at high and
low levels of granularity, so that guidelines can be
interpreted at different levels of abstraction.29 GEM
allows markup using high-level tags, or deeper
analysis using elements lower in the hierarchy. In
addition, the open XML document model can be
modified easily, if necessary, to accommodate missing semantic constructs.
䡲 Comprehensible, i.e., it should match the stakeholders’ normal problem-solving language and allow domain experts to describe their knowledge
with little effort. GEM markup does not require
knowledge of programming. The markup process
parallels physical highlighting of a document and
should be learned easily by nonprogrammers.
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䡲 Shareable across institutions. The use of XML for
knowledge representation and markup provides
unparalleled cross-platform compatibility.
䡲 Reusable across all phases of the guideline life
cycle.
GEM markup can be used as a first step in translating
paper-based, narrative guidelines into formats that
can be processed electronically. Developers can use a
GEM-encoded document as a set of empty slots to be
filled to create a high-quality guideline; e.g., a fully
tagged document could facilitate decision table verification of guideline logic,32 or an XSL-formatted template can help automate the extraction of components
that indicate methodological quality.23 Disseminators
can use XML’s Web capabilities to publish guidelines.
Implementers can use the tagged data for assistance
in encoding recommendations, understanding terminology, and even direct execution. For example, a conditional recommendation’s decision variables could
be automatically extracted from a GEM document and
used to label a data collection control, while the potential values are used to name radio buttons. End
users can select various aspects of interest from GEMencoded documents (e.g., the quality of evidence that
supports individual recommendations, the costs of interventions) or compare guidelines on the same topic
from different sources.
Use of XML for representation of GEM offers a number of advantages.33 The self-descriptive capability of
XML improves searching for, indexing, and locating
information. Moreover, the open XML standard facilitates development of tools for document processing.
XML is an intrinsic part of the Web, with presentation
and parsing capabilities built into Web browsers. Software to process XML documents is expected to become ubiquitous and inexpensive. Over their lifetime,
documents represented in XML can be used and reused in a multitude of ways, including (most likely)
some that have not yet been invented.
GEM has several limitations. The model is simply an
abstraction of the guideline document and, as such,
must rely on extrinsic systems to apply it in ways that
are useful. GEM does little to resolve the ambiguities
that are present in many guidelines. It can, however,
faithfully present them to a user for resolution. Use of
a system that forces developers to define recommendations as if-then-else statements might help avoid introduction of ambiguous statements.34 Although GEM
extends the work of multiple researchers, this model
is probably not comprehensive. Additional elements,
attributes, and relationships may be necessary to adequately encode guidelines, depending on the needs
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of stakeholders. The XML representation can be updated easily to accommodate these needs. Since the
model currently incorporates more than 100 elements,
effective markup with GEM will require training and
practice to achieve optimal results.
Next steps in our work with GEM will involve refining the model and building and evaluating tools that
facilitate activities throughout the guideline life cycle.
We are working to create parsing and editing tools,
specifically designed for guideline markup, that will
promote consistent encoding. We envision Web-based
tools for guideline developers that will allow them to
collaborate effectively without face-to-face meetings
—a major source of guideline development expense.
Another goal of this project is to create clinical decision support tools automatedly from guideline documents stored in GEM format. Boxwala et al.35 have
described an architecture for a guideline execution engine using ActiveX, which operates from guidelines
encoded in GLIF. We plan to apply ASP (active server
pages) technology to dynamically configure intranet
Web pages from XML documents.
GEM is intended to meet the needs of a wide variety
of stakeholders in the guidelines initiative. More comprehensive models are necessary to describe fully the
heterogeneous knowledge contained in clinical practice guidelines. The extensibility and computability of
XML make it ideal for guideline document representation. We offer this model as an open, extensible
framework and welcome contributions from others
working in this area.
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