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Interface Terminologies: Facilitating Direct Entry of Clinical
Data into Electronic Health Record Systems
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A b s t r a c t Previous investigators have defined clinical interface terminology as a systematic collection of health
care–related phrases (terms) that supports clinicians’ entry of patient-related information into computer programs, such
as clinical ‘‘note capture’’ and decision support tools. Interface terminologies also can facilitate display of computer-
stored patient information to clinician-users. Interface terminologies ‘‘interface’’ between clinicians’ own unfettered,
colloquial conceptualizations of patient descriptors and the more structured, coded internal data elements used by
specific health care application programs. The intended uses of a terminology determine its conceptual underpinnings,
structure, and content. As a result, the desiderata for interface terminologies differ from desiderata for health care–
related terminologies used for storage (e.g., SNOMED-CT�), information retrieval (e.g., MeSH), and classification (e.g.,
ICD9-CM�). Necessary but not sufficient attributes for an interface terminology include adequate synonym coverage,
presence of relevant assertional knowledge, and a balance between pre- and post-coordination. To place interface
terminologies in context, this article reviews historical goals and challenges of clinical terminology development in
general and then focuses on the unique features of interface terminologies.
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Recently, major stakeholders in U.S. health care, including the
federal government, have emphasized the importance of es-
tablishing electronic health record systems for all health
care sites.1–5 Their stated goals for doing so include increasing
patient safety, reducing medical errors, improving efficiency,
and reducing costs. To accomplish these goals, electronic
health record systems should capture structured clinical
information (i.e., conforming to a standardized format,
designed for a specific purpose) to support health services re-
search and to enable decision support programs used at the
point of clinical care.6 An obstacle to widespread adoption
of electronic health record systems, however, is the difficulty
associated with capturing structured clinical information
from health care providers who prefer to document health
care findings, processes, and outcomes using unfettered
‘‘free text’’ natural language.7,8

The authors have reviewed existing definitions for clinical
interface terminology variously posited by Chute et al.,9

McDonald et al.,10 Rose et al.,11 and Campbell et al.12 and
developed a combined definition: a systematic collection of
health care–related phrases (terms) that supports clinicians’
entry of patient-related information into computer programs,
such as clinical ‘‘note capture’’ and decision support tools.
Interface terminologies also facilitate display of computer-
stored patient information to clinician-users as simple human-
readable text.13,14 The ‘‘interface’’ of interface terminologies
(which have also been called colloquial terminologies,10,15 ap-
plication terminologies,11 and entry terminologies9) links
health care providers’ own free text patient descriptors to
structured, coded internal data elements used by specific clin-
ical computer programs. These terminologies generally em-
body a rich set of flexible, user-friendly phrases displayed
in the graphical or text interfaces of specific computer pro-
grams. Clinical interface terminologies have been used for
problem list entry,16–20 clinical documentation in electronic
health record systems,9,21–28 text generation,14 care provider
order entry with decision support,29–35 and diagnostic expert
programs.36–40

Electronic health record systems depend on interface termi-
nologies for successful implementation in clinical settings21

because such terminologies provide the translation from clini-
cians’ own natural language expressions into the more struc-
tured representations required by application programs.
While interface terminologies play an important role in pro-
moting direct entry of categorical data by health care
providers, both terminology developers and the standards
community historically have focused on other types of termi-
nologies, including reference and administrative (rather than
on interface) terminologies. Such terminologies are generally
designed to provide exact and complete representations
of a given domain’s knowledge, including its entities and
ideas and their interrelationships. For example, reference
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terminologies can support the storage, retrieval, and classifi-
cation of clinical data; their contents correspond to the inter-
nal system representation storage formats to which interface
terminologies are typically mapped. Other types of terminol-
ogies may complement or form the formal underpinnings of
interface terminologies; however, they do not replace them.7

This review describes the unique features and goals of inter-
face terminologies. First, the authors review historical ob-
jectives of the developers and evaluators of clinical
terminologies in general (rather than for a type of terminology
designed for a particular usage). The historical review focuses
on approaches to standardizing terminology development,
and the challenges involved creating terminologies that
meet such standards. Within this context, the authors next
outline the specific role of interface terminologies, including
desiderata for interface terminology usability. Finally, the au-
thors discuss potential future directions for interface terminol-
ogy developers.

The authors recognize that the usability of a clinical documen-
tation system depends on factors intrinsic to the underlying
interface terminology and on extrinsic factors such as the dis-
play characteristics of related systems’ software user interface.
While studies are beginning to elucidate the user interface
characteristics and terminological attributes that contribute
to successful structured documentation,24,41,42 more research
is needed. The authors restrict the focus of this review to
exploring advantageous terminological attributes.

Overview of Clinical Terminologies in General
Definition and Usage of Terminologies
Terminologies consist of collections of words or phrases,
called terms, aggregated in a systematic fashion to represent
the conceptual information that makes up a given knowledge
domain, such as clinical cardiology or pediatric orthope-
dics.43–45 Terms in a terminology generally correspond to ac-
tual events or entities and to their cognitive representations in
people’s minds (called concepts).44 For example, the entries
‘‘myocardial infarction’’ or ‘‘heart attack’’ in a given terminol-
ogy might represent the event ‘‘ischemic injury and necrosis
of heart muscle cells resulting from absent or diminished
blood flow in a coronary artery.’’ A health care provider eval-
uating a patient with prolonged chest pain may consider the
diagnosis of ischemic heart muscle injury and could use the
terms ‘‘myocardial infarction’’ or ‘‘heart attack’’ to think
about and to communicate such a possibility. Terminologies
also typically contain hierarchical organizations and other
representations of linkages among concepts, such as the
‘‘is-a-type-of’’ relationship between ‘‘myocardial infarction’’
and ‘‘heart disease.’’15,46,47

While many terminologies have been developed, no single
terminology has been accepted as a universal standard for
the representation of clinical concepts. By contrast, individual
terminologies or components have been identified by stan-
dards organizations as candidates for specific uses. For exam-
ple, in 2003, the U.S. National Committee on Vital and Health
Statistics and the U.S. government’s multiagency consoli-
dated health informatics council recommended a core set of
terminologies as standards for representing aspects of patient
medical record information, because the terminologies ‘‘(1)
are required to adequately cover the domain of patient
medical record information and (2) meet essential technical

criteria to serve as reference terminologies.’’48 The recom-
mended terminologies include the Systematized Nomencla-
ture of Medicine Clinical Terms ([SNOMED CT�] for the
exchange, aggregation, and analysis of patient medical
information), Logical Observation Identifiers Names and
Codes ([LOINC] for the representation of individual labora-
tory tests) and several federal drug terminologies such as
RxNorm and the National Drug File Reference Terminologies
(for representing medications, their biological mechanisms of
actions, and their physiologic effects). In addition, the U.S.
National Library of Medicine has assembled the Unified
Medical Language System (UMLS)49 to bring together multi-
ple terminologies through a thesaurus encompassing compo-
nent vocabularies.50 (Currently, the UMLS contains over one
million biomedical concepts and five million synonyms
from over 100 terminologies.51)

History of Clinical Terminologies
Work on clinical terminology systems began in the middle of
the 17th century with John Gaunt’s refinement of the late
16th-century classification scheme for the London Bills of
Mortality.52–54 Over the next two and one half centuries,
many clinical terminologies were developed, with many sub-
sequently lost to history.52–54 Even though the International
Classification of Diseases (ICD) was first adopted in Paris in
1900,55 Chute52 states that the ‘‘modern era for clinical
descriptions’’ began with the publication of the multiaxial
Standardized Nomenclature of Diseases (SND) in 1928 and
its subsequent revision to the Standardized Nomenclature
of Diseases and Operations (SNDO) in 1933. With SND and
SNDO, users could model complex concepts by constructing
them from more primitive building blocks (such as compos-
ing ‘‘chest pain’’ from an anatomy axis concept for ‘‘chest’’
and a pathophysiology axis concept for ‘‘pain’’). These termi-
nologies, which were created and maintained on paper, were
designed primarily for purposes of classifying diseases on the
basis of etiology, clinical manifestations, and relationships
between them.52,55

The number and size of available clinical terminologies have
expanded over time as the result of three phenomena. First,
the information-intensive domains of clinical practice have
expanded rapidly since 1960. In 1976, Pauker et al.,56 based
on an analysis of the Internist-I� knowledge base37 and other
sources, estimated that the domain of general internal medi-
cine alone contained over two million ‘‘facts.’’ Likewise,
Durack57 and Madlon-Kay58 showed that the physical weight
of Index Medicus, one indicator of the volume of medical
knowledge, grew almost exponentially in the second half of
the 20th century. Existing clinical terminologies grow to en-
compass progressive depth of knowledge in fields such as
pathophysiology,52 pharmacogenomics,59,60 and genetics.61,62

Second, the availability of computer systems that are able to
handle the complexities of knowledge representation,63 stor-
age,64 retrieval,7 and maintenance have facilitated growth
and evolution of clinical terminologies beyond what was
possible with manual paper-based storage systems. Third,
intended uses for clinical terminologies have expanded be-
yond diagnostic classification to include comprehensive rep-
resentation of clinical domains, data storage, data mining,
algorithmic discovery of relationships among concepts,
systems messaging, decision support, and clinical documen-
tation.65 Representative terminologies such as ICD, 9th
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revision, Clinical Modifications (ICD-9-CM), SNOMED CT,
LOINC, Medical Subheadings (MeSH), and MEDCIN have
been operational in various revisions for decades.

Standardizing the Approach to Clinical Terminology
Development and Evaluation
Given ongoing growth and expanded use of various clinical
terminologies, calls for improved approaches to terminology
development occurred in the late 1980s.43,66–70 Miller and
Giuse, working with the Internist-1� and QMR� vocabu-
laries, emphasized the need for real-world clinical applica-
tions employing a terminology to provide relevant feedback
that drives terminology evolution; terminologies created in
a vacuum by committees that infrequently reconvene
may have limited longevity without feedback from actual
use.66–68 Rector et al.69,70 indicated that terminologies should
distinguish between terms and concepts when modeling a
medical domain. Evans et al.,43 reporting for the CANON
group (an organization of ‘‘medical informatics researchers...
developing a ’deeper’ representation formalism for use in ex-
changing data’’) stated that the medical community required
a ‘‘common, uniform, and comprehensive approach to the
representation of medical information.’’

In response, researchers and the standards community pro-
posed rigorous, focused development objectives for terminol-
ogy construction in the early 1990s.43,71,72 The International
Standards Organization (ISO), for example, published the
Technical Specification 1087,73,74 which outlined attributes
recognized as supporting high-quality practices regarding
terminology development, including that terminologies be
formal aggregations of language-independent concepts, that
concepts should be represented by one favored term and ap-
propriate synonymous terms, and that relationships among
concepts should be explicitly represented. Other investiga-
tors, such as Campbell et al.,75 formally evaluated several
existing terminologies based on whether they supported var-
ious terminological attributes, including whether they could
be mapped to other terminologies, permitted compositionality
(complex concepts can be composed from simple concepts,
also called post-coordination), and supported synonymy (mul-
tiple terms can represent single concepts), among other attri-
butes. Based on this early research, terminology investigators
subsequently outlined formal desiderata,76 frameworks,77

and additional ISO standards.15 They indicated that a single
conceptual approach for development and evaluation of all
terminology types and uses could provide a foundation for
terminology construction using structured clinical data
representations.

In his ‘‘Desiderata for Controlled Terminologies,’’76 Cimino
summarized ‘‘years of work and conversations’’ with mem-
bers of the UMLS project, the CANON group, and the Inter-
Med Collaboratory (a consortium of five geographically
distributed academic centers organized with the goal of shar-
ing informatics-related applications, data, and resources79)
toward defining the necessary attributes of a successful ‘‘shar-
able, multipurpose’’ terminology. He emphasized the
importance of concept orientation during terminology con-
struction. Concept orientation involves using concepts as
‘‘basic building blocks’’ rather than words, terms, or phrases.
Concept orientation allows a terminology to be useful in mul-
tiple situations, represented in different languages and easily

reviewed for quality. Cimino’s desiderata emphasized the im-
portance of having a universal single clinical terminology that
would cover a specialty domain’s concepts completely at mul-
tiple levels of detail, while avoiding nonspecific phrases such
as ‘‘not elsewhere classified’’ and ‘‘not otherwise specified.’’

Chute et al.,77 working with both the Vocabulary Working
Group of the American National Standards Institute Health-
care Informatics Standard Board and the Codes and Struc-
tures Working Group of the Computer-based Patient
Records Institute (CPRI), published ‘‘A Framework for Com-
prehensive Health Terminology Systems in the United
States.’’ Like Cimino’s desiderata, this framework described
standard characteristics for health care terminologies repre-
senting clinical ‘‘history, findings, management, and outco-
mes...in a way that can preserve clinical detail and identify
characteristics that make possible improved risk adjustment,
common guideline development, aggregate outcomes analy-
ses, and shared decision support rules.’’77 Chute et al. stressed
the need for complete and comprehensive domain coverage
using nonambiguous, nonoverlapping concepts. Chute et al.
added that, in the absence of complete domain coverage, ter-
minologies should integrate with other terminologies. They
also pointed out that terminologies need to support synon-
ymy and compositionality.

The ISO published terminology-related technical specifica-
tions in the mid-1990s73,74 and in 200115 with the goal of
serving ‘‘as a guide...toward improved terminological devel-
opment.’’ The ISO specifications emphasized that terminolo-
gies should have ‘‘complete coverage of a specified domain
by formally defined concepts.’’ The ISO specification also
stated that terminologies must define their purpose and
scope, quantify the extent of their domain coverage, and
provide mappings to external terminologies designed for
classification and to support administrative functions. A
statement of purpose, scope, and coverage allows terminol-
ogy builders to work toward specific development targets
and provides evaluators with benchmarks with which to
judge the terminology. The ISO also stressed the importance
of mapping among separate terminologies designed to meet
different needs. Such mapping would allow, for example, a
health care provider to select a concept from a clinically ori-
ented terminology while constructing a patient’s problem
list and a mapped concept in an administrative classification
(such as ICD-9-CM) could be selected in an automated fash-
ion for billing purposes (e.g., upon entering into a problem
list the clinical problem ‘‘coronary artery disease,’’ a com-
puter program may select the mapped ICD-9-CM code
‘‘414.0 Coronary atherosclerosis’’).

Clinical Terminology Domain Coverage
Taken together, Cimino’s desiderata, the Chute et al. frame-
work, and the ISO specifications complement each other to
define a unified scope and set of objectives for terminology
development. The overlap and differences among these three
sets of desiderata are summarized in Table 1. These reports
advocate as a central goal that terminologies include terms
for all concepts that occur within the clinical domain that
they model, an attribute called domain coverage.

Achieving Complete Domain Coverage
To achieve domain coverage, terminology developers his-
torically have created new concepts using two methods:
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pre-coordination (also called enumeration) and post-coordi-
nation. With pre-coordination, developers model relevant
levels of detail in the terminology with distinct concepts,
typically derived from real-world, unconstrained usage by
clinicians; ‘‘chest pain,’’ ‘‘substernal chest pain,’’ and
‘‘crushing substernal chest pain’’ each exist as individual con-
cepts, with unique terms and synonyms, often tied by hierar-
chical linkages. Generally, only clinically meaningful concepts
are pre-coordinated.80 By contrast with (as defined above),
post-coordination, complex concepts of differing levels of de-
tail are composed from quasi-independent axes that contain
more fundamental concepts (called ‘‘atomic’’ or ‘‘kernel’’ con-
cepts). For example, with a post-coordinated terminology, a
user can dynamically create the concept ‘‘chest pain’’ by com-
bining the anatomic concept ‘‘chest’’ and the pathophysio-
logic concept ‘‘pain.’’ The user can introduce further detail
by selecting new concepts from additional axes, such as ‘‘sub-
sternal’’ and ‘‘crushing nature.’’ Rassinoux et al.81 asserted

that pre-coordination and post-coordination can complement
each other, with pre-coordination providing logic and intri-
cacy and post-coordination allowing expressivity and more
complete domain coverage.

Evaluating Domain Coverage
Three comparative studies by Chute et al.,82 Campbell et al.,75

and Humphreys et al.50 of multiple clinical terminologies ex-
amined whether pre- or post-coordination was associated
with better domain coverage. The 1996 study of Chute et al.82

evaluated the coverage by four terminologies and the aggre-
gate UMLS of a random selection of 3,061 concepts extracted
from clinical documents. They found that the only terminol-
ogy that allowed post-coordination included in the study,
SNOMED, most completely covered diagnoses, findings,
and modifiers. The 1997 follow-up study by Campbell
et al.75 also found that SNOMED was the most complete, cod-
ing 69.7% of study concepts, followed by the Read codes,
which allowed some post-coordination, at 57%. Campbell
et al. attributed SNOMED’s superior coverage to the fact
that it allows post-coordination. The Humphreys et al.50

study evaluated both the 1997 version of the aggregate
UMLS and its component terminologies for their coverage
of 32,679 unique normalized concepts. Their study found
that, while the UMLS covered 58% of test concepts, the com-
ponent terminologies that permitted post-coordination,
SNOMED, and the Read codes had the greatest overall cover-
age (while the actual coverage statistics were not reported,
both covered more than 60% of test concepts). Humphreys
et al. also noted that had the investigators used ‘‘related con-
cepts,’’ its coverage would have increased to 99%. They clas-
sified related concepts as less specific (e.g., ‘‘chest pain’’
instead of ‘‘substernal chest pain’’) or more specific (e.g.,
‘‘crushing substernal chest pain’’ instead of ‘‘substernal chest
pain’’). Despite its excellent overall coverage, however,
Humphreys,83 Chute et al.,82 and Campbell et al.44 have all
independently pointed out that the UMLS serves not as a
distinct terminology, but as an aggregation of terminologies
into a thesaurus.

The studies by Chute et al., Campbell et al., and Humphreys
et al. all demonstrated that existing terminologies allowing
post-coordination were better able to represent phrases and
concepts extracted from clinical documents than existing
pre-coordinated terminologies. Because users of such termi-
nologies can both access existing concepts and dynamically
compose new concepts as needed, such terminologies would
be expected to have greater domain coverage than those that
only allow users to access existing concepts. However, while
post-coordination may enhance terminology domain cover-
age, terminologies allowing post-coordination have not yet
successfully modeled the full scope of medical knowledge
or been shown to be usable for all clinical terminology needs.
In addition, the post-coordination has intrinsic limitations,
described below.

Consequences of Post-coordination in a
Clinical Terminology
As described below, investigators have demonstrated three
limitations of post-coordination in clinical terminologies: (1)
difficulty in restricting composition to medically meaningful
concepts; (2) ability to create unrecognized duplicate concept
representations; and (3) inefficiency with respect to

Table 1 j Some Desired Attributes for a Controlled
Medical Terminology, as Represented in Cimino,76

Chute et al.,77 and the ISO’s Technical Specifications
for Terminologies15,73,74

Terminology Attribute Cimino76
Chute

et al.77 ISO15,73,74

Statement of purpose, scope,
and comprehensiveness

O

Complete coverage of domain-
specific content

O O O

Use of concepts rather than
terms, phrases, and words
(concept orientation)

O O

Concepts do not change with
time, view, or use (concept
consistency*)

O O

Concepts must evolve with
change in knowledge

O O O

Concepts identified through
nonsense identifiers (context-
free identifier)

O O O

Representation if concept
context consistently from
multiple hierarchies

O O O

Concepts have single explicit
formal definitions

O O O

Support for multiple levels
of concept detail

O O O

Methods, or absence of, to
identify duplication,
ambiguity, and synonymy

O O O

Synonyms uniquely identified
and appropriately mapped to
relevant concepts

O O O

Support for compositionality
to create concepts at multiple
levels of detail

O O O

Language independence O
Integration with other

terminologies
O O

Mapping to administrative
terminologies

O O

*Includes the concepts ‘‘multiple consistent views’’ and ‘‘concept
permanence.’’
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composing complex concepts from simpler concepts.42,43,80,84

Such limitations are not associated with a given usage or type
of terminology, but rather with the process of composing
complex concepts from multiple simpler concepts and modi-
fiers. Some of these limitations are surmountable; numerous
investigators developed methods that at least partially ad-
dress them (including description logics and standard
formalisms).

Clinically Nonsensical Concepts
Rector et al.84 and Rassinoux et al.80 have separately pointed
out that post-coordination may be used to generate meaning-
less concepts by combining two or more meaningful con-
cepts. For example, a user could combine the concepts
‘‘chest’’ and ‘‘pain’’ and then add the concepts ‘‘radiating to’’
and ‘‘ankle’’ to create the composite ‘‘chest pain radiating to
the ankle,’’ which makes little sense clinically. Working
together, Horrocks85 and Rector et al.84 proposed a solution
in 1995 called sanctioning. Sanctioning allows developers to
create rules for potential concept combinations requiring
the composition to be medically sensible. Horrocks85 added
that sanctioning can be permissive (i.e., no compositions
allowed unless permitted) or restrictive (i.e., all compositions
allowed unless restricted). The Masarie et al.86 1991 frames-
based interlingua illustrated an earlier approach80 analogous
to Horrocks’ permissive sanctioning. In that 1991 model, con-
cepts were generally pre-coordinated at the lowest level of de-
tail that could provide diagnostic meaning to a health care
provider (e.g., the concept ‘‘chest’’ per se does not provide
diagnostic information to a health care provider, while the
concept ‘‘chest pain’’ evokes to a health care provider a set of
diagnoses, including pneumonia, myocardial infarction, pul-
monary embolus, etc.). These concepts, called generic find-
ings, could have related formal linkages to lists of permitted
modifiers and associated concepts, called item lists and qual-
ifiers. Users could post-coordinate generic findings into more
specific concepts, called instantiated findings, only by using
the constrained item lists and qualifiers. In all cases, rules
for sanctioning must be added on a concept-by-concept basis,
increasing the effort required for terminology development.

Concept Duplication
Concept duplication occurs when a single concept is repre-
sented more than one time in a terminology or when there
are multiple independent ways to use the terminology to rep-
resent a concept. Concept duplication can reduce the ac-
curacy of information retrieval if it goes unrecognized ( for
example, when duplicate concepts cannot be merged algo-
rithmically to the same meaning). While duplication may
occur in terminologies regardless of whether they permit
post-coordination, post-coordination enables a greater oppor-
tunity for duplication to occur.87 Duplication can be induced
when single concepts can be composed using unanticipated
combinations of relatively atomic concepts (e.g., the concept
‘‘acute appendicitis’’ can be composed both from ‘‘acute,’’
‘‘inflammation,’’ ‘‘in,’’ and ‘‘appendix’’ and from ‘‘acute’’ and
‘‘appendicitis’’). The CANON group pointed out that users
of SNOMED International, a terminology that permits post-
coordination, can model the concept for appendicitis through
at least four paths (Table 2).43 A researcher or computer pro-
gram trying to identify cases of appendicitis from a SNOMED
International–encoded data set would need to search for all
possible ways that the concept could have been expressed.

Although subsequent versions of SNOMED (e.g., SNOMED
RT) have carefully addressed this problem with description
logic and equivalency tables,12,88 the potential for duplication
has not been completely eliminated.

Inefficiency of Concept Composition
In a usability study, McKnight et al.42 explored the competing
tensions between greater content coverage achieved by termi-
nologies that allow post-coordination and the enhanced ease
of use resulting from pre-coordination. In the McKnight et al.
study, five physicians attempted to model four clinical case
vignettes, each containing four to six concepts, by combining
atomic concepts in a simple user interface. Even though the
underlying terminology covered 85% of concepts relevant
to the domain being tested, three of the five users commented
that the process of post-coordination was ‘‘too cumbersome
for complex problem entry’’; most users commented that
they would prefer selections to be restricted to the most rele-
vant concepts.42 While potentially limited by not distinguish-
ing between the effects of the computer program’s user
interface and those of the underlying terminology, by small
sample size, and by using a terminology that was not
designed for usage by physicians for structured documenta-
tion, the McKnight et al. study suggests that composing com-
plex concepts from simpler concepts as part of standard
documentation processes may be inefficient for the general
practice of most health care providers. While it is possible
that this finding would have been mitigated had the investi-
gators used a terminology or a user interface specifically
designed to support physician problem entry, the authors
know of no studies that have evaluated the usability of
post-coordination across multiple terminologies or across a
representative variety of structured documentation tools.

Task-specific Clinical Terminologies: Balancing
Rigor with Usability
Previous research demonstrates that inherent limitations of
specific terminologies, such as inadequate domain coverage
or the shortcomings associated with post-coordination out-
lined above, can reduce clinicians’ ability to document or to
view structured clinical data efficiently.6,8 Developers who
adhere to the rigorous terminology-related goals set out by
Cimino, Chute et al., and Elkin et al. are not always guaran-
teed to create terminologies that are easily and directly
usable by health care providers during routine clinical tasks.8

Rector7 has suggested that tension between clinical usability
and meticulous knowledge representation may result from a
fundamental conflict between the needs of humans and those
of computer programs that use terminologies. According to
Rector’s view, human users require flexible, expressive termi-
nologies that model common colloquial phrases, while

Table 2 j Duplication Due to Compositionality: Four
Ways to Compose ‘‘Appendicitis’’ in SNOMED RT

D5-46210 01 Acute
appendicitis, NOS

G-A231 0l Acute D5-46100 01
Appendicitis, NOS

M-41000 01 Acute inflammation,
NOS G-CO06 01 In T-59200 01
Appendix, NOS

G-A231 01 Acute M-40000 01
Inflammation, NOS G-CO06 01
In T-59200 01 Appendix, NOS

From the CANON Group.43

NOS 5Not otherwise specified.
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computer programs are generally designed to process formally
defined concepts having rigidly defined interrelationships.
This echoes the statement by Rassinoux and colleagues that
pre-coordination and post-coordination may serve comple-
mentary roles.81

Recognizing the need to balance terminology domain cover-
age with clinical usability, Spackman et al.,89 Rector,65 and
Chute et al.9 have all suggested that terminology developers
limit their scope from creating a single monolithic terminol-
ogy that meets all users’ needs to building terminologies
designed for specific usage categories. Common categories
of usage include classifying clinical data for administrative
purposes such as billing, representing knowledge for research
and data interchange, and supporting efficient documenta-
tion of clinical findings into medical problem lists.

Spackman et al.89 in 1997 described a three-part categorization
schema for terminologies, based on their intended uses (Table
3). First, terminologies may support data entry in a user inter-
face designed for clinical documentation (consistent with the
current authors’ definition of interface terminology). Second,
terminologies may serve as the substrate for computer pro-
grams that parse textual documents and reports in an attempt
to ‘‘recognize’’ distinct clinical concepts. Third, terminologies
may represent clinical concepts and their interrelationships
for computer storage, retrieval, manipulation, and analysis.
While Spackman et al. articulated that reference terminologies
meet this latter need, they did not fully define the functions of
interface and parsing terminologies and excluded terminolo-
gies designed for classification tasks (such as ICD-9-CM).

Characterizing terminologies as ‘‘software meant to support
interactions between humans and computers,’’ Rector65 in
1998 identified six possible tasks for terminologies: (1) sup-
port efficient data entry and query formulation; (2) record
and archive clinical information; (3) support sharing and re-
use of clinical information; (4) infer and suggest knowledge
according to decision support algorithms; (5) support termi-
nology maintenance; and (6) to create a natural language out-
put from manual structured input. In Rector’s model, some
terminology tasks optimize data entry (i.e., task 1), others
support storage, processing, and usage of clinical data by
computerized tools (tasks 2, 3, 4), while others enable com-
puter systems to create human readable documents that rep-
resent the data. Rector added that, to enhance usability,
terminologies designed to support efficient data entry should
constrain how concepts can be put together, evoking
Horrocks’85 sanctioning.

Chute et al.9 in 1999 expanded on the Spackman et al. catego-
rization schema. They used the phrase ‘‘entry terminology’’ to
refer to the uses that Spackman et al. described for interface
and parsing terminologies. Chute et al. also provided a cate-
gory for classification terminologies, here called aggregate and

administrative terminology. In the Chute et al. model, three
categories of terminologies work together, each taking on com-
plementary roles. The ‘‘entry’’ terminologies of Chute et al.
allow users to interact easily with concepts through common
colloquial terms and synonyms. Entry terms can then map to
explicitly defined concepts in a more formal terminology,
such as a reference terminology, which can then define rela-
tionships among concepts. Concept relationships in reference
terminologies are typically defined formal definitional logic
(i.e., description logics are explicit formal definitions of the
relationships among concepts; in SNOMED CT, the concept
‘‘chest pain’’ includes the description logic encoded relation-
ships is-a ‘‘pain of truncal structure’’ and has-finding-site
‘‘thoracic structure’’12). Concepts in reference terminologies
may also be mapped to additional terminologies, such as
those designed to support tasks such as billing and disease
reporting.

Interface Terminologies: Clinical Terminologies
Designed to Support Human–Terminology
Interaction
Spackman’s term interface terminology, which is elsewhere
called colloquial terminology10,15 and application terminol-
ogy,11 has come to be used for Chute’s ‘‘entry terminology.’’9

Campbell et al.12 in 1994 described interface terminologies as
those designed to support efficient structured clinical docu-
mentation into electronic health record system interfaces
and computerized note capture tools, primarily by modeling
the clinical concepts commonly used by health care pro-
viders. They stated that interface terminologies may also
help users view categorical data by providing common collo-
quial terms as synonyms and enabling natural language text
generation.

While a single conceptual framework for terminologies can
help developers and evaluators work toward a common
model, such a framework may not be suitable for all terminol-
ogy types. The terminological attributes outlined by Cimino,
Chute et al., and the ISO for reference terminologies may be
insufficient for clinical interface terminologies, which serve
different purposes. Terminologies designed to support struc-
tured clinical documentation may require extensions that im-
prove expressivity and usability by, for example, increasing
the breadth of synonym coverage to improve the user’s abil-
ity to select structured concepts that capture the nuances of
clinical narratives.6,41 The ‘‘usability’’ of an interface terminol-
ogy refers to the ease (e.g., speed, level of comfort, accuracy)
with which its users can accomplish their intended tasks (e.g.,
documentation of patient care) using the terminology. In ad-
dition, Campbell21 and Kahn et al.23 have demonstrated that
interface terminology usability correlates with the presence of
attributes that enhance efficiency of term selection and com-
position. The authors speculate that the usability of a clinical
interface terminology designed for capturing structured doc-
umentation correlates with (1) presence of relevant asser-
tional medical knowledge, as defined below; (2) adequacy
of synonymy; (3) a balance between pre-coordination and
post-coordination; and (4) mapping to terminologies having
formal concept representations.

Assertional Knowledge in an Interface Terminology
Interface terminologies generally incorporate assertional
knowledge. Assertional knowledge is information that

Table 3 j The Three Terminology Classes89 by
Spackman et al.89

Terminology Class Intended Usage Task

Interface Support a user-friendly structured
data entry interface

Processing Optimize natural language processing
Reference Enable storage, retrieval, and analysis of

clinical data
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provides nuance and context to a concept, but does not define
it.70,76,92 For example, ‘‘thorax pain’’ and ‘‘chest pain’’ may
have the same formal definition (both concepts could reason-
ably have the formal definition is-a ‘‘pain’’ and has-finding-
site ‘‘thoracic structure’’); however, the former may imply
more strongly to a health care provider that the location of
the pain is in the chest wall per se, while ‘‘chest pain’’ tends
to suggest a possible cardiac or pulmonary cause.
Assertional knowledge may define attributes distinguishing
‘‘thorax pain’’ from ‘‘chest pain’’ by including relevant syno-
nyms, associated diagnoses, common symptoms, usual mod-
ifiers, and describing prevalence in a given patient population.
Assertional knowledge in an interface terminology can be
made up of lists of associated concepts, synonyms, and com-
mon modifiers and may be more relevant to clinical users
than definitional knowledge. For example, the assertional
knowledge related to ‘‘chest pain’’ may include links to a nor-
mal status86 (e.g., ‘‘chest pain’’ is normally absent in a healthy
population, even though it may be usually present in a patient
with angina), to a list of severity modifiers (e.g., ‘‘mild,’’ ‘‘mod-
erate,’’ and ‘‘severe’’), and to lists of common associated diag-
nostic concepts (e.g., myocardial infarction, pneumonia,
esophagitis, botulism). The representation of the concept
‘‘chest pain’’ in a terminology system may also include asser-
tional knowledge that links it to common associated symp-
toms based on etiology, such as fever, cough, and sputum
production for various types of bronchitis and pneumonia.

Rassinoux et al.,80 Horrocks,85 Rector et al.,84 and Masarie
et al.86 claimed that assertional knowledge–based links and
supplemental information embedded in an interface termi-
nology enhance its usability by decreasing the number of
steps required for users to find or compose the terms needed

for a given task. For example, to model a complex concept like
‘‘chest pain’’ in a reference terminology that requires post-
coordination, a user would compose the term from distinct
concepts for ‘‘chest’’ and ‘‘pain’’ using description logic rela-
tionships (i.e., ‘‘chest pain’’ is-a ‘‘pain,’’ has-finding-site
‘‘chest’’). In this model, the user would have to take addi-
tional steps to add more concepts or modifiers (e.g., ‘‘mild’’)
and their description logic encoded relationships (e.g., has-
severity). By contrast, an interface terminology modeling
the concept chest pain would likely include a pre-coordinated
concept ‘‘chest pain’’ with linked lists of allowable qualifiers,
including severities (e.g., ‘‘mild,’’ ‘‘moderate,’’ ‘‘severe’’).86

A user selecting ‘‘chest pain’’ in an interface terminology could
then select the relevant modifiers without being required to
search the entire terminology. This distinction is illustrated
in Figure 1.

Associating concepts with common relevant modifiers allows
users to modify them without performing separate searches
for additional terms. For example, in the Masarie et al.86

frame-based interlingua system, the generic definition of
‘‘chest pain’’ included slots for common modifier lists (called
item lists above), such as severity of pain (i.e., ‘‘mild,’’ ‘‘mod-
erate,’’ and ‘‘severe’’) and nature of pain (i.e., ‘‘crushing,’’
‘‘burning,’’ ‘‘knife-like,’’ ‘‘tearing,’’ etc.). Interface terminolo-
gies can associate concepts with their assertional knowledge
by using links to what the National Library of Medicine
(describing MeSH) and Wang have each called ‘‘allowable
qualifiers.’’93–95 Allowable qualifiers explicitly define the
relationships between concepts and their relevant modifiers
and corollary concepts. Allowable qualifiers can be created
using Horrocks’85 sanctioning rules or item lists of
Rassinoux et al.80 and Masserie et al.,86 among other
techniques.

When included in the design of an interface terminology, as-
sertional knowledge must be added concept by concept. For
example, a developer creating the interface term ‘‘chest
pain’’ would need to identify all relevant clinical concepts
and modifiers, such as lists of topographical locations across
the chest, severities, common chest pain characters, and asso-
ciated concepts including nausea, cough, and dyspnea. In ad-
dition, the terminology developer may need to determine
whether chest pain is normally absent or present in a healthy
population. Once such assertional knowledge is defined, the
developer would need to model it in the terminology by se-
lecting or creating the appropriate concepts, modifiers, and
linkages. A similar exercise would need to be performed for
every concept. While the authors believe that including asser-
tional knowledge will enhance interface terminology effi-
ciency, this has not been formally quantified in empiric
studies. It is equally likely that including assertional knowl-
edge will increase the complexity of creating and maintaining
such terminologies and that doing so may not be feasible in
every implementation.

Synonymy in an Interface Terminology
Synonymy refers to the number of individual terms that can
correctly represent a unique concept. Synonym types may in-
clude alternate phrases (e.g., ‘‘dyspnea’’ and ‘‘shortness of
breath’’), acronyms (e.g., SOB for ‘‘shortness of breath’’), def-
initional phrases (e.g., ‘‘a sensation of not getting enough air
during breathing’’), and eponyms.87 Rosenbloom et al.96

demonstrated that inadequate synonymy reduced clinicians’

F i g u r e 1 . Two approaches to composing the concept ‘‘se-
vere chest pain.’’ (Top) A user selects concepts and modifiers
directly from a reference terminology permitting post-coordi-
nation, using description logic to combine unrelated atomic
concepts sequentially, starting with ‘‘pain,’’ then adding the
location modifier ‘‘chest’’ and the severity modifier ‘‘severe.’’
(Bottom) The user can combine the pre-coordinated concept
‘‘chest pain’’ in an interface terminology with the formally
linked modifier ‘‘severe’’ from the list of chest pain modifiers.
All concepts and modifiers in the interface terminology are
mapped to formal representations in an external reference ter-
minology. Both approaches allow the user to compose a
meaningful concept having a formal representation.
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ability to use a terminology for classifying medications’ phys-
iologic effects. Cantor and Lussier97 have suggested that
explicitly defined homonyms, polysyms (i.e., a single term
that has many meanings such as ‘‘cold,’’ which may refer to
a perceived temperature or to a disease syndrome), anto-
nyms, and acronyms may be as important in interface termi-
nologies as synonyms. Clinical interface terminologies are
specifically designed to represent the variety of common col-
loquial phrases in medical discourse; rich synonymy should
improve the nuance with which users can express themselves
when using the terminology. While rich synonymy may
increase usability, Fung et al.87 recently demonstrated that
synonyms can increase a terminology’s ambiguity by either
duplicating single concepts or merging multiple concepts.
The increased ambiguity introduced by synonymy may be
partially solvable by making the context more explicit and
by permitting users to see other synonyms and definitions.

Synonym coverage can be evaluated using the metrics of ex-
pressivity and accuracy. The authors define expressivity as
how well a term’s linguistic components match the words
in the phrase it is meant to model (i.e., whether all parts of
a target phrase can be represented using the terminology).
Accuracy is defined as how well a term’s clinical meaning
represents the meaning of the phrase it is meant to model
(i.e., how well the meaning of the ‘‘best match’’ in the termi-
nology corresponds to the meaning of the target phrase). The
significance of expressivity and accuracy is best illustrated
through an example. It is possible that a clinician might
want to use a terminology to describe the presence of a pa-
tient’s ‘‘feathery discomfort occurring across the chest.’’ A ter-
minology may include the concept ‘‘chest discomfort’’ and
the modifiers ‘‘noncrushing’’ and ‘‘anterior chest wall,’’ but
not the modifier ‘‘feathery.’’ While ‘‘noncrushing’’ and ‘‘feath-
ery’’ may be considered synonyms when describing chest
discomfort, they use different words and most likely evoke
different nuances to a clinician or a patient. In this case, the
composition ‘‘noncrushing chest discomfort’’ used to describe
‘‘feathery chest discomfort’’ may be accurate (i.e., the two
phrases have the same meaning in the sense that both would
be true when applied to the patient), but it is not fully expres-
sive (i.e., the two phrases have different linguistic character).

Balancing Pre-coordination and Post-coordination
in an Interface Terminology
Interface terminologies may include pre-coordinated con-
cepts that can be further post-coordinated as necessary.
Rector65 noted that interface terminologies should restrict
post-coordination to creating medically meaningful concepts,
and Rassinoux et al.81 have proposed that pre-coordination
and post-coordination be limited to ‘‘relevant and important
concepts in medicine’’ both to reduce the inefficiencies
of post-coordination and the size of a pre-coordinated termi-
nology. Rassinoux et al.81 articulated that limiting pre-coordi-
nated terms to those that actually are clinically meaningful
are best for the interface vocabulary, but that there should
be an ‘‘overlay’’ of a post-coordinated deeper representation
that facilitates computer processing and understanding of
the pre-coordinated terms. In this way, interface terminolo-
gies can balance the benefits of pre-coordination (i.e., mini-
mizing nonsensical compositions, reducing effort required
to select an appropriate concept representation for a clinical

notion) and post-coordination (i.e., allowing increased con-
tent coverage and flexibility).21

The authors define compositional balance as the balance be-
tween pre-coordination and post-coordination in a terminol-
ogy. Compositional balance by design facilitates concept
selection by minimizing the effort required for users to com-
pose complex concepts from more atomic concepts and to
search through long lists of fully defined pre-coordinated con-
cepts. Campbell21 has described terminological degrees of
freedom as a numerical assessment of the complexity of a col-
loquial phrase; this measure is calculated by adding together
the number of atomic concepts present in a canonical coding
of a pre-coordinated concept. Degrees of freedom can provide
a quantitative representation of compositional balance. For
example ‘‘severe chest pain’’ in MEDCIN can be mapped to
(and said to include) the three atomic concepts and modifiers
‘‘severe,’’ ‘‘chest,’’ and ‘‘pain’’ from SNOMED CT. Exposing
degrees of freedom in complex concepts can reveal both the
proportion of concepts in a terminology that requires a com-
positional expression and the average number of atomic con-
cepts required to compose interface terms. The authors
speculate that there exists a level of compositional balance
that maximizes usability and that this level may vary by the
interface terminology’s intended use and clinical domain.

Mapping Interface Terminologies
Interface terminologies are generally designed to enable hu-
man interaction with structured concepts rather than to pro-
vide formally defined models of the concepts. Once medical
information is captured using an interface terminology, it
can be mapped to terminologies having more formal repre-
sentations. Spackman et al.,89 Campbell et al.,12 and Chute
et al.9 demonstrated that interface terminologies can be
mapped to reference terminologies for subsequent storage,
management, and analysis of clinical data. Chute et al. and
Campbell et al. noted that concepts in an interface terminol-
ogy do not require formal definitions of their interrelation-
ships (e.g., the subset-superset relationship, ‘‘severe chest
pain’’ is-a ‘‘chest pain’’) when such information can be im-
plied or referenced from mapped reference terminologies.
Elkin et al.,98 expanding on a demonstration by Masarie
et al.86 during early work on the UMLS, have suggested
that exposing the implied semantics common to pre-coordi-
nated concepts can assist with concept mapping and improve
mapping accuracy. For ambiguous concepts, however, defin-
ing the relationships based on mappings (rather than the
other way around) may lead to inaccuracies. For example,
the interface term ‘‘chest pain’’ may imply a cardiac symptom
based on its association with other concepts; mapping it in a
reference terminology to the concepts and relationships,
‘‘chest pain’’ is-a ‘‘pain,’’ has-finding-site ‘‘chest’’ may lose
this nuance. Because interface terminologies commonly con-
tain pre-coordinated concepts, defining the semantic and
assertional knowledge directly may also improve mapping
to reference terminologies.

Recommendations for Developing
Interface Terminologies
It is likely that creating usable interface terminologies will not
require de novo terminology development. One approach to
developing interface terminologies would be to construct
them from existing terminologies, such as reference
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terminologies. Doing so would involve creating clinically
meaningful compositions, appropriate synonyms, and link-
ages between concepts and related concepts or modifiers.
Constructing interface terminologies in this way would per-
mit the underlying formal structure provided by the source
reference terminology to remain, while simultaneously pre-
senting clinicians with usable complex terms. It is likely
that clinical users will require different levels of detail and
coverage of varying domains based on their usage needs.
From this standpoint, a single standard reference terminology
(e.g., SNOMED CT) used as the starting point for interface
terminology development will permit a uniform back-end
representation despite the diverse terms that users require.

Interface terminologies are often designed for display in the
user interface of structured clinical documentation or elec-
tronic health record systems. It is likely that terminological
attributes, such as those outlined above, have an impact on

terminology usability regardless of the system in which
they are used. Likewise, particular user interfaces may have
their own characteristics that affect usability. To date, there
have been only a few investigations quantifying the interac-
tions between interface terminologies and the user interfaces
that use them. Usability studies by Poon et al.,24 McKnight
et al.,42 and Cimino et al.41 have begun to tease interface ter-
minology attributes apart from user interface attributes.
These studies are limited in that each evaluated only a single
terminology implemented in a single user interface. To quan-
tify and distinguish effects of terminology attributes and user
interface attributes on usability, the authors believe that it will
be necessary to measure similar usability outcomes across
multiple terminologies and user interfaces, each having dif-
ferent characteristics. Investigators should work to distin-
guish terminological and user interface characteristics when
evaluating interface terminologies.

Developers and investigators should consider the proposed
desiderata when evaluating interface terminologies. Specifi-
cally, interface terminologies should be studied in terms of
how well they cover the domain they model, whether they in-
clude relevant assertional medical knowledge–based links to
improve efficiency in the human-terminology interface,
whether they contain adequate terms and synonyms to per-
mit accurate and expressive coding, whether they address
the right balance between pre-coordination and post-coordi-
nation, and whether they are mapped to terminologies hav-
ing formal concept representations. Additional research
correlating each of these attributes with usability for clinical
documentation and formal knowledge representation is
necessary.

Conclusions
Historically, developers have created various types of clinical
terminologies to meet specific needs. As a result, the terminol-
ogies’ attributes, structures, and goals differed. One specific
genre of clinical terminology, interface terminologies, by de-
sign facilitates clinician users interacting with the more cum-
bersome internal categorical data representations used in
application programs. Interface terminologies should be de-
veloped and evaluated (using objective and reproducible
metrics) according to their purpose, for example, how well
an interface terminology supports efficient data entry for a
structured documentation tool. Improving and evolving in-
terface terminologies require evaluation metrics such as ade-
quacy of attributes, degree of synonym coverage, quantity
and quality of relevant assertional knowledge, and degree
of compositional balance. The authors believe that to improve
and guide the evolution of interface terminologies, feedback
based on formally defined evaluation metrics is necessary.

References j

1. The Leapfrog Group. Available from: http://www.leapfroggroup.
org. Accessed 2/10/2005.

2. Committee on Improving the Patient Record. The computer-
based patient record: an essential technology for health care.
2nd ed. Washington, DC: Institute of Medicine, 1991.

3. Committee on Quality of Health Care in America. Using infor-
mation technology. Crossing the quality chasm: a new health
system for the 21st century. Washington, DC: Institute of Medi-
cine, 2001.

Table 4 j Relative Importance of Terminology
Attributes to an Interface Terminology and to a
Clinical Terminology in General

Terminology Attribute
Clinical

Terminology
Interface

Terminology

Statement of purpose, scope, and
comprehensiveness

O O

Complete coverage of domain-
specific content

O O

Use of concepts rather than
terms, phrase, and words
(concept orientation)

O

Concepts do not change with time,
view, or use (concept consistency*)

O O

Concepts must evolve with change
in knowledge

O O

Concepts identified through nonsense
identifiers (context-free identifier)

O O

Representation of concept context
consistently from multiple
hierarchies

O

Concepts have single, explicit
formal definitions

O O

Support for multiple levels of
concept detail

O O

Methods, or absence of, to identify
duplication, ambiguity, and
synonymy

O

Synonyms uniquely identified and
appropriately mapped to relevant
concepts

O O

Support for compositionality to
create concepts at multiple
levels of detail

O O

Language independence O
Integration with other

terminologies
O

Mapping to administrative
terminologies

O

Complete coverage by domain-
specific terms and synonyms

O

Presence of assertional knowledge O
Presence of optimal compositional

balance
O

*Includes the concepts ‘‘multiple consistent views’’ and ‘‘concept
permanence.’’

285Journal of the American Medical Informatics Association Volume 13 Number 3 May / Jun 2006

http://www.leapfroggroup.org
http://www.leapfroggroup.org


4. Bates DW, Boyle DL, Teich JM. Impact of computerized physi-
cian order entry on physician time. Proc Annu Symp Comput
Appl Med Care. 1994;996.

5. Bates DW, Evans RS, Murff H, Stetson PD, Pizziferri L, Hripcsak
G. Detecting adverse events using information technology. J Am
Med Inform Assoc. 2003;10:115–28.

6. McDonald CJ. The barriers to electronic medical record systems
and how to overcome them. J Am Med Inform Assoc. 1997;4:
213–21.

7. Rector AL. Clinical terminology: why is it so hard? Methods Inf
Med. 1999;38:239–52.

8. Ash JS, Berg M, Coiera E. Some unintended consequences of
information technology in health care: the nature of patient
care informations system related errors. JAMIA. 2004;(March-
April) 11(2):104–12.

9. Chute CG, Elkin PL, Sherertz DD, Tuttle MS. Desiderata for a
clinical terminology server. Proc AMIA Symp. 1999;42–6.

10. McDonald FS, Chute CG, Ogren PV, Wahner-Roedler D, Elkin
PL. A large-scale evaluation of terminology integration charac-
teristics. Proc AMIA Symp. 1999;864–7.

11. Rose JS, Fisch BJ, Hogan WR, et al. Common medical terminol-
ogy comes of age, part one: standard language improves health-
care quality. J Healthc Inf Manag. 2001;15:307–18.

12. Campbell KE, Das AK, Musen MA. A logical foundation for rep-
resentation of clinical data. J Am Med Inform Assoc. 1994;1:218–32.

13. Poon AD, Johnson KB, Fagan LM. Augmented transition net-
works as a representation for knowledge-based history-taking
systems. Proc Annu Symp Comput Appl Med Care. 1992;762–6.

14. Shultz EK, Rosenbloom ST, Kiepek WT, et al. Theater style dem-
onstration—quill: a novel approach to structured reporting. Proc
AMIA Annu Fall Symp. 2003;1074.

15. ISO/TS 17117:2002(E): Health informatics-controlled health ter-
minology-structure and high-level indicators: technical commit-
tee ISO/TC 215, Health Informatics; 2002.

16. Campbell JR, Elkin P. Human interfaces: face-to-face with the
problem list. Proc AMIA Symp. 1999;1024.

17. Chute CG, Elkin PL, Fenton SH, Atkin GE. A clinical terminol-
ogy in the post modern era: pragmatic problem list develop-
ment. Proc AMIA Symp. 1998;795–9.

18. Elkin PL, Mohr DN, Tuttle MS, et al. Standardized problem list
generation, utilizing the Mayo canonical vocabulary embedded
within the Unified Medical Language System. Proc AMIA
Annu Fall Symp. 1997;500–4.

19. Burkle T, Prokosch HU, Michel A, Dudeck J. Data dictionaries at
Giessen University Hospital: past-present-future. Proc AMIA
Symp. 1998;875–9.

20. Brown SH, Miller RA, Camp HN, Guise DA, Walker HK. Empir-
ical derivation of an electronic clinically useful problem state-
ment system. Ann Intern Med. 1999;131:117–26.

21. Campbell JR. Semantic features of an enterprise interface termi-
nology for SNOMED RT. Medinfo. 2001;10:82–5.

22. Johnson KB, Cowan J. Clictate: a computer-based documenta-
tion tool for guideline-based care. J Med Syst. 2002;26:47–60.

23. Kahn CE Jr, Wang K, Bell DS. Structured entry of radiology
reports using World Wide Web technology. Radiographics.
1996;16:683–91.

24. Poon AD, Fagan LM, Shortliffe EH. The PEN-Ivory project: ex-
ploring user-interface design for the selection of items from large
controlled vocabularies of medicine. J Am Med Inform Assoc.
1996;3:168–83.

25. Rector AL, Solomon WD, Nowlan WA, Rush TW, Zanstra PE,
Claassen WM. A terminology server for medical language and
medical information systems. Methods Inf Med. 1995;34:147–57.

26. Rosenbloom ST, Talbert D, Aronsky D. Surveying housestaff
opinions regarding clinical decision support. Proc AMIA Annu
Fall Symp. 2002;1145.

27. Slack WV, Hicks GP, Reed CE, Van Cura LJ. A computer-based
medical-history system. N Engl J Med. 1966;274:194–8.

28. Stead WW, Heyman A, Thompson HK, Hammond WE. Com-
puter-assisted interview of patients with functional headache.
Arch Intern Med. 1972;129:950–5.

29. Bates DW, Kuperman GJ, Wang S, et al. Ten commandments for
effective clinical decision support: making the practice of evi-
dence-based medicine a reality. J Am Med Inform Assoc. 2003;
10:523–30.

30. Geissbuhler A, Miller RA. Distributing knowledge maintenance
for clinical decision-support systems: the ‘‘knowledge library’’
model. Proc AMIA Symp. 1999;770–4.

31. Kuperman GJ, Gibson RF. Computer physician order entry: ben-
efits, costs, and issues. Ann Intern Med. 2003;139:31–9.

32. Lobach DF, Hammond WE. Computerized decision support
based on a clinical practice guideline improves compliance
with care standards. Am J Med. 1997;102:89–98.

33. Teich JM, Spurr CD, Schmiz JL, O’Connell EM, Thomas D.
Enhancement of clinician workflow with computer order entry.
Proc Annu Symp Comput Appl Med Care. 1995;459–63.

34. Gardner RM, Pryor TA, Warner HR. The HELP hospital informa-
tion system: update 1998. Int J Med Inform. 1999;54:169–82.

35. McDonald CJ, Overhage JM, Tierney WM, et al. The Regenstrief
Medical Record System: a quarter century experience. Int J Med
Inform. 1999;54:225–53.

36. Miller R, Masarie FE, Myers JD. Quick medical reference (QMR)
for diagnostic assistance. MD Comput. 1986;3:34–48.

37. Miller RA, Pople HE Jr, Myers JD. Internist-1, an experimental
computer-based diagnostic consultant for general internal med-
icine. N Engl J Med. 1982;307:468–76.

38. Shortliffe EH, Davis R, Axline SG, Buchanan BG, Green CC,
Cohen SN. Computer-based consultations in clinical therapeu-
tics: explanation and rule acquisition capabilities of the MYCIN
system. Comput Biomed Res. 1975;8:303–20.

39. Yu VL, Buchanan BG, Shortliffe EH, et al. Evaluating the perfor-
mance of a computer-based consultant. Comput Programs
Biomed. 1979;9:95–102.

40. Miller PL. Critiquing anesthetic management: the ‘‘ATTEND-
ING’’ computer system. Anesthesiology. 1983;58:362–9.

41. Cimino JJ, Patel VL, Kushniruk AW. Studying the human-
computer-terminology interface. J Am Med Inform Assoc. 2001;
8:163–73.

42. McKnight LK, Elkin PL, Ogren PV, Chute CG. Barriers to the
clinical implementation of compositionality. Proc AMIA Symp.
1999;320–4.

43. Evans DA, Cimino JJ, Hersh WR, Huff SM, Bell DS. Toward a
medical-concept representation language. The CANON Group.
J Am Med Inform Assoc. 1994;1:207–17.

44. Campbell KE, Oliver DE, Spackman KA, Shortliffe EH. Repre-
senting thoughts, words, and things in the UMLS. J Am Med
Inform Assoc. 1998;5:421–31.

45. Cimino JJ. The concepts of language and the language of con-
cepts. Methods Inf Med. 1998;37:311.

46. Shortliffe EH, Perreault LE, Wiederhold G, Fagan LM. Medical
informatics: computer applications in health care. Reading,
MA: Addison-Wesley, 1990, pp. 37–69.

47. Hammond WE, Stead WW, Straube MJ, Jelovsek FR. Functional
characteristics of a computerized medical record. Methods Inf
Med. 1980;19:157–62.

48. Lumpkin J. Uniform data standards for patient medical record
information. Letter to Secretary of Health and Human Services
by Tommy G. Thompson, February 27, 2002. In: National Com-
mittee on Vital and Health Statistics; 2003.

49. Humphreys BL, Lindberg DA, Schoolman HM, Barnett GO. The
Unified Medical Language System: an informatics research col-
laboration. J Am Med Inform Assoc. 1998;5:1–11.

50. Humphreys BL, McCray AT, Cheh ML. Evaluating the coverage
of controlled health data terminologies: report on the results of
the NLM/AHCPR large scale vocabulary test. J Am Med Inform
Assoc. 1997;4:484–500.

286 ROSENBLOOM ET AL., Interface Terminologies



51. UMLS Metathesaurus fact sheet. U.S. National Library of Medi-
cine, 2005. Available from: http://www.nlm.nih.gov/pubs/
factsheets/umlsmeta.html. Accessed January 1, 2006.

52. Chute CG. Clinical classification and terminology: some history
and current observations. J Am Med Inform Assoc. 2000;7:
298–303.

53. Chute CG. The Copernican era of healthcare terminology: a re-
centering of health information systems. Proc AMIA Symp.
1998;68–73.

54. Elkin PL, Brown SH, Carter J, et al. Guideline and quality indi-
cators for development, purchase and use of controlled health
vocabularies. Int J Med Inf. 2002;68:175–86.

55. World Health Organization. History of the development of the
ICD, 2005. Available from: http://www.who.int/classifications/
icd/en/HistoryOfICD.pdf. Accessed 8/23/05.

56. Pauker SG, Gorry GA, Kassirer JP, Schwartz WB. Towards the
simulation of clinical cognition. Taking a present illness by
computer. Am J Med. 1976;60:981–96.

57. Durack DT. The weight of medical knowledge. N Engl J Med.
1978;298:773–5.

58. Madlon-Kay DJ. The weight of medical knowledge: still gaining.
N Engl J Med. 1989;321:908.

59. Weinshilboum RM. The genomic revolution and medicine.
Mayo Clin Proc. 2002;77:745–6.

60. Elkin PL. Primer on medical genomics part V: bioinformatics.
Mayo Clin Proc. 2003;78:57–64.

61. McCray AT, Browne AC, Bodenreider O. The lexical properties
of the gene ontology. Proc AMIA Symp. 2002;504–8.

62. Smith B, Williams J, Schulze-Kremer S. The ontology of the gene
ontology. AMIA Annu Symp Proc. 2003;609–13.

63. Musen MA, Wieckert KE, Miller ET, Campbell KE, Fagan LM.
Development of a controlled medical terminology: knowledge
acquisition and knowledge representation. Methods Inf Med.
1995;34:85–95.

64. Cimino JJ, Clayton PD, Hripcsak G, Johnson SB. Knowledge-
based approaches to the maintenance of a large controlled med-
ical terminology. J Am Med Inform Assoc. 1994;1:35–50.

65. Rector AL. Thesauri and formal classifications: terminologies for
people and machines. Methods Inf Med. 1998;37:501–9.

66. Giuse NB, Giuse DA, Miller RA, et al. Evaluating consensus
among physicians in medical knowledge base construction.
Methods Inf Med. 1993;32:137–45.

67. Miller RA. Medical diagnostic decision support systems—past,
present, and future: a threaded bibliography and brief commen-
tary. J Am Med Inform Assoc. 1994;1:8–27.

68. Miller RA, McNeil MA, Challinor SM, Masarie FE Jr, Myers JD.
The Internist-1/Quick Medical Reference project—status report.
West J Med. 1986;145:816–22.

69. Rector AL, Nowlan WA, Glowinski A. Goals for concept repre-
sentation in the GALEN project. Proc Annu Symp Comput Appl
Med Care. 1993;414–8.

70. Rector AL, Nowlan WA, Kay S. Conceptual knowledge: the core
of medical information systems. In: Lun KC, Deguolet P,
Piemme TE, Rienhoff O, editors. Proceedings of the Seventh
World Congress on Medical Informatics (MEDINFO ’92).
Geneva: Schattauer: Stuttgart, 1992, pp. 1420–6.

71. Board of Directors of the American Medical Informatics Associ-
ation. Standards for medical identifiers, codes, and messages
needed to create an efficient computer-stored medical record.
American Medical Informatics Association. J Am Med Inform
Assoc. 1994;1:1–7.

72. Rector AL, Glowinski AJ, Nowlan WA, Rossi-Mori A. Medical-
concept models and medical records: an approach based
on GALEN and PEN&PAD. J Am Med Inform Assoc. 1995;2:
19–35.

73. ISO 1087-1: Terminology work-vocabulary, part 1: theory and
application: technical committee TC 37/SC 1; ISO Standards—
terminology (principles and coordination), 1996.

74. ISO 1087-2: Terminology work-vocabulary, part 2: computer
applications: technical committee TC 37/SC 3; ISO Standards—
computer applications for terminology, 1996.

75. Campbell JR, Carpenter P, Sneiderman C, Cohn S, Chute CG,
Warren J. Phase II evaluation of clinical coding schemes: com-
pleteness, taxonomy, mapping, definitions, and clarity. CPRI
Work Group on Codes and Structures. J Am Med Inform Assoc.
1997;4:238–51.

76. Cimino JJ. Desiderata for controlled medical vocabularies in the
twenty-first century. Methods Inf Med. 1998;37:394–403.

77. Chute CG, Cohn SP, Campbell JR. A framework for comprehen-
sive health terminology systems in the United States: develop-
ment guidelines, criteria for selection, and public policy
implications. ANSI Healthcare Informatics Standards Board
Vocabulary Working Group and the Computer-Based Patient
Records Institute Working Group on Codes and Structures.
J Am Med Inform Assoc. 1998;5:503–10.

78. Cimino JJ. Distributed cognition and knowledge-based con-
trolled medical terminologies. Artif Intell Med. 1998;12:153–68.

79. Shortliffe EH, Patel VL, Cimino JJ, Barnett GO, Greenes RA. A
study of collaboration among medical informatics research labo-
ratories. Artif Intell Med. 1998;12:97–123.

80. Rassinoux AM, Miller RA, Baud RH, Scherrer JR. Modeling
just the important and relevant concepts in medicine for med-
ical language understanding: a survey of the issues. In: Pro-
ceedings of the IMIA WG6 Working Conference, Jacksonville,
FL, 1997.

81. Rassinoux AM, Miller RA, Baud RH, Scherrer JR. Compositional
and enumerative designs for medical language representation.
Proc AMIA Annu Fall Symp. 1997;620–4.

82. Chute CG, Cohn SP, Campbell KE, Oliver DE, Campbell JR. The
content coverage of clinical classifications. For the Computer-
Based Patient Record Institute’s Work Group on Codes & Struc-
tures. J Am Med Inform Assoc. 1996;3:224–33.

83. Humphreys BL. Building the Unified Medical Language System.
Proc SCAMC. 1989;475–80.

84. Rector AL, Bechhofer S, Goble CA, Horrocks I, Nowlan WA, Sol-
omon WD. The GRAIL concept modelling language for medical
terminology. Artif Intell Med. 1997;9:139–71.

85. Horrocks IR. A comparison of two terminological knowledge
representation systems [master’s thesis]. Manchester, UK: Uni-
versity of Manchester, 1995.

86. Masarie FE Jr, Miller RA, Bouhaddou O, Giuse NB, Warner HR.
An interlingua for electronic interchange of medical information:
using frames to map between clinical vocabularies. Comput
Biomed Res. 1991;24:379–400.

87. Fung KW, Hole WT, Nelson SJ, Srinivasan S, Powell T, Roth L.
Integrating SNOMED CT into the UMLS: an exploration of dif-
ferent views of synonymy and quality of editing. J Am Med
Inform Assoc. 2005;(July-Aug) 12(4):486–94.

88. Spackman KA, Campbell KE. Compositional concept represen-
tation using SNOMED: towards further convergence of clinical
terminologies. Proc AMIA Symp. 1998;740–4.

89. Spackman KA, Campbell KE, Cote RA. SNOMED RT: a refer-
ence terminology for health care. Proc AMIA Annu Fall Symp.
1997;640–4.

90. Rogers J. Interface Terminologies. Personal communication.
91. Huff SM, Lau LM, Masarie FE, Morris J, Russler D. The impact

of business issues on terminology adoption: clinical software
developers’ perspective. In: AMIA; conference panel. 1999.

92. Smart JF, Roux M. A model for medical knowledge representa-
tion application to the analysis of descriptive pathology reports.
Methods Inf Med. 1995;34:352–60.

93. Medical Subject Headings browser. Available from: http://
www.nlm.nih.gov/mesh/MBrowser.html. Accessed 11/4/03.

94. Wang AY, Barrett JW, Bentley T, et al. Mapping between SNOMED
RTand clinical terms version 3: a key component of the SNOMED
CT development process. Proc AMIA Symp. 2001;741–5.

287Journal of the American Medical Informatics Association Volume 13 Number 3 May / Jun 2006

http://www.nlm.nih.gov/pubs/factsheets/umlsmeta.html
http://www.nlm.nih.gov/pubs/factsheets/umlsmeta.html
http://www.who.int/classifications/icd/en/HistoryOfICD.pdf
http://www.who.int/classifications/icd/en/HistoryOfICD.pdf
http://www.nlm.nih.gov/mesh/MBrowser.html
http://www.nlm.nih.gov/mesh/MBrowser.html


95. Chute CG, Elkin PL. A clinically derived terminology: qualifica-
tion to reduction. Proc AMIA Annu Fall Symp. 1997;570–4.

96. Rosenbloom S, Awad J, Speroff T, et al. Adequacy of representa-
tion of the National Drug File Reference Terminology Physiologic
Effects reference hierarchy for commonly prescribed medications.
Proc AMIA Symp. 2003;569–78.

97. Cantor MN, Lussier YA. Putting data integration into practice:
using biomedical terminologies to add structure to existing
data sources. Proc AMIA Symp. 2003;125–9.

98. Elkin PL, Brown SH, Lincoln MJ, Hogarth M, Rector A. A formal
representation for messages containing compositional expres-
sions. Int J Med Inf. 2003;71:89–102.

288 ROSENBLOOM ET AL., Interface Terminologies


	Interface Terminologies: Facilitating Direct Entry of Clinical Datanbspinto Electronic Health Record Systems
	Overview of Clinical Terminologies in General
	Definition and Usage of Terminologies
	History of Clinical Terminologies

	Standardizing the Approach to Clinical Terminology Development and Evaluation
	Clinical Terminology Domain Coverage
	Achieving Complete Domain Coverage
	Evaluating Domain Coverage

	Consequences of Post-coordination in a ClinicalnbspTerminology
	Clinically Nonsensical Concepts
	Concept Duplication
	Inefficiency of Concept Composition

	Task-specific Clinical Terminologies: Balancing Rigor with Usability
	Interface Terminologies: Clinical Terminologies Designed to Support Human-Terminology Interaction
	Assertional Knowledge in an Interface Terminology
	Synonymy in an Interface Terminology
	Balancing Pre-coordination and Post-coordination in an Interface Terminology
	Mapping Interface Terminologies
	Recommendations for Developing InterfacenbspTerminologies

	Conclusions


