Journal of the American Medical Informatics Association Volume 7 Number 6 Nov / Dec 2000 529

Research Paper =

Fvaluation of the Clinical LOINC
(Logical Observation Identifiers,
Names, and Codes) Semantic
Structure as a Terminology Model for
Standardized Assessment Measures
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Abstract Objective: The purpose of this study was to test the adequacy of the Clinical
LOINC (Logical Observation Identifiers, Names, and Codes) semantic structure as a terminology
model for standardized assessment measures.

Methods: After extension of the definitions, 1,096 items from 35 standardized assessment
instruments were dissected into the elements of the Clinical LOINC semantic structure. An
additional coder dissected at least one randomly selected item from each instrument. When
multiple scale types occurred in a single instrument, a second coder dissected one randomly
selected item representative of each scale type.

Results: The results support the adequacy of the Clinical LOINC semantic structure as a
terminology model for standardized assessments. Using the revised definitions, the coders were
able to dissect into the elements of Clinical LOINC all the standardized assessment items in the
sample instruments. Percentage agreement for each element was as follows: component, 100 per-
cent; property, 87.8 percent; timing, 82.9 percent; system/sample, 100 percent; scale, 92.6 percent;

and method, 97.6 percent.

Discussion: This evaluation was an initial step toward the representation of standardized
assessment items in a manner that facilitates data sharing and re-use. Further clarification of the
definitions, especially those related to time and property, is required to improve inter-rater
reliability and to harmonize the representations with similar items already in LOINC.
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Tremendous progress has been made in the develop-
ment of standardized sets of health care terms, yet
experts agree that gaps and areas of overlap are pres-
ent in existing standardized terminologies and that
no single terminology can meet all needs.' Non-
ambiguous concept representations have been pro-
posed to achieve sharing and re-use of health care
data across heterogeneous computer-based sys-
tems.®” Recent reports have described representa-
tions for diseases,*®? surgical procedures,'*!! clinical
drugs,* nursing activities,'*!* and laboratory
tests.!>1® Another significant type of information for
the delivery and evaluation of health care is stan-
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Table1 =

Use of Terminology Model and Modified KRSS
Representation Language to Create Nursing
Activity Molecules from Atomic Terms

Aggregate Representation of Nursing Activities
(Molecular) (Molecules) from Atomic
Expression Terms in SNOMED*

Assist patient (define-concept “assist patient with feeding”

with feeding (and procedure
(some “has object” patient)
(some “has object” feeding)

(some “uses technique” assist)))

Teach client
about safe sex

(define-concept “teach client safe sex”
(and procedure

(some “has object” client)
(some “has object” safe sex)

(some “uses technique” teach)))

Nortke: KRSS indicates Knowledge Representation Specification
Syntax (KRSS).

* “Uses technique” is a proposed role; it has not yet received
final approval.

dardized assessment data, e.g., data related to func-
tional status, behavioral risk, and quality of life.
Toward the goal of data sharing and re-use of stan-
dardized assessment data, the purpose of this study
was to test the adequacy of the Clinical LOINC
(Logical Observation Identifiers, Names, and
Codes)!™!® semantic structure as a terminology
model for standardized assessment measures.

In this paper, “terminology model” is used to mean
an explicit representation of a system of concepts that
is optimized for terminology management and sup-
ports the intensional definition of concepts and the
extensional mapping among terminologies.'” A ter-
minology model depicts the relationship between an
aggregate (molecular) expression and more primitive
(atomic) Concepts.18 In Table 1, for example, atomic
terms are used to represent nursing activity mole-
cules through the use of a terminology model'® that
specifies the relationships and a representation lan-
guage, modified Knowledge Representation
Specification Syntax (KRSS).?’ A type definition is a
particular aspect of a terminology model that states
the semantic links (associative relations) that must be
specified for every concept of a particular type.?! This
is synonymous with the notion of a fully specified

name in LOINC. A terminology model is an essential
component of a reference terminology* or third-gen-
eration language system?” that also includes other
types of information (e.g., hierarchic knowledge
about represented concepts).!®

Standardized Assessments

Standardized assessment measures have been
developed for many aspects of health care. These
include measures of dimensions such as knowl-
edge (e.g.,, Omaha System?), attitudes (e.g.,
Marlowe-Crowne Social Desirability Scale?®),
beliefs (e.g., Self-efficacy Scale®), behavior (e.g.,
Behavioral Risk Factor Surveillance Survey?®),
function (e.g., Seattle Angina Questionnaire®”), and
status (e.g., Post-anesthesia Score®®). Assessments
are used to predict risk (e.g., Braden Pressure Ulcer
Risk Assessment,”® Center for Epidemiological
Studies Depression Scale®), determine appropriate
interventions (e.g., Abbreviated Injury Scale, Sign
and Symptom Checklist for Persons with HIV??),
monitor health status (e.g., Medical Outcomes
Study Short Form 36, Seattle Angina
Questionnaire?’), and evaluate outcomes of health
care (e.g., Nursing Outcomes Classification,
Karnofsky Performance Status®).

While most assessments relate to individual patients
or clients, some are focused on other units of analy-
sis, such as family caregivers (e.g., Caregiver Burden
Scale,®® Caregiver Quality of Life Index-Cancer
Scale’’) or communities (e.g., Omaha System®).
Standardized assessments may reflect professional
observation or judgment (e.g., Apgar Score,*® Morse
Fall Score®) or the perceptions of the recipient of
health care (e.g., Life Satisfaction Index A,*° Living
with HIV*).

Although the purposes, dimensions, and units of
analysis of standardized health care assessments
vary, as do the respondents to them, consistencies are
present in data structures at the item level. A stan-
dardized assessment is composed of one or more
structured narrative items (attributes) with associat-
ed responses (values). The items may be expressed in
different formats; for instance, as a question (e.g.,
“How frequently do you experience shortness of
breath?”) or request (“Please rate your ability to per-
form the following activities”). The response may be
quantitative, as in visual analog scales, where the
respondent is asked to mark an anchored line (typi-
cally 10 cm in length) according to a perception (e.g.,
amount of pain currently experienced), the length of
the line between the anchor and the mark being
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measured to determine the numeric value of the
attribute.

Many standardized assessment items have response
sets that are ordinal (e.g., absent, present; mild, mod-
erate, or severe; rarely, occasionally, frequently,
always). Responses to assessment items may also be
nominal. For example, an item on the Behavioral Risk
Factor Surveillance System states, “What type of
arthritis did the doctor say you have?” Possible
responses include “osteoarthritis /degenerative arthri-
tis,” “rheumatism,” “rheumatoid arthritis,” and
“Lyme disease.”?®

The manner in which the value associated with an
item is used in clinical practice or research varies
with assessment instrument. In some instances, a sin-
gle response is used (e.g., Visual Analog Scale—
Quality of Life?®). With assessments such as injury
scores (e.g., Abbreviated Injury Scale,® Revised
Trauma Score*?), responses from multiple items are
summed to provide a total score. Some assessments
are associated with more complex scoring algo-
rithms, and a score may be reported at the subscale or
factor level rather than as a total score (e.g., Medical
Outcomes Study Short Form 36%). Regardless, for
purposes of data sharing and re-use, it is necessary to
identify unambiguously the assessment item (attrib-
ute) and its associated value. In addition, attribute-
value pairs for factor scores and total scores must be
defined when appropriate.

LOINC/Clinical LOINC

In its initial state of development LOINC focused on
a public set of codes and names for electronic report-
ing of laboratory test results.!® The original aim of the
LOINC Committee, when it began meeting in
February 1994, was to produce a code system that
would cover at least 98 percent of the tests performed
in the average laboratory. One of the first tasks of the
committee was to define a formal semantic structure
for observation names that would distinguish tests
that were clinically different and then to use this
structure to create the database of clinically distinct
names and related codes.

Influenced by the work of the International Union of
Pure and Applied Chemistry IUPAC),*® the LOINC
semantic structure is composed of six elements: ana-
lyte/component, kind of property measured or
observed, time aspect of the measurement or obser-
vation, system/sample type that contains the analyte
or component being observed, type of scale of the
measurement or observation, and type of method

used to obtain the measurement. The semantic struc-
ture explicitly excludes items typically reported in
separate attributes of a clinical laboratory test result
message (e.g., priority of the testing, volume of sam-
ple, physical location of the testing).

With minor extensions of the original definitions, but
not of the elements of the semantic structure, LOINC
content continues to expand, especially in the area of
direct patient measurements and clinical observa-
tions (e.g., blood pressure, symptoms).'® LOINC has
gained wide acceptance because of its content cover-
age, access (it is freely available on the World Wide
Web and on CD-ROM), and most recently its rele-
vance to the Health Insurance Portability and
Accountability Act of 1996.4

Methods

Research Question

The research question addressed in the evaluation
was “Can the sample of standardized assessment
items be validly and reliably dissected into elements
of the Clinical LOINC semantic structure?”

Sample of Standardized Assessment Items

The sample was composed of 1,088 items from 35
standardized assessments. As shown in Table 2, the
sample was reflective of instruments with different
primary purposes (e.g., risk screening, functional sta-
tus measurement) and respondents (i.e., professional,
patient, and caregiver).

Procedures

Extension of the Model Definitions

The elements of the Clinical LOINC semantic struc-
ture were examined by a domain expert (S.B.) for
their potential utility in representing standardized
assessments, and extensions of components defini-
tions were proposed. The extensions were reviewed
by four LOINC experts (J.].C., RH.,, SM.H., and C. J.
McDonald) and then presented (by S.B.) to the
Clinical LOINC Committee for additional sugges-
tions for extension.

The definitions of Clinical LOINC elements were
extended in several areas. The definitions used for
dissecting the standardized assessment items are
shown in Table 3. The primary extension of the defi-
nitions related to System/Sample; the definition was
extended to include aggregate units of analysis (e.g.,
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Table 2 =

Standardized Assessments Used in Evaluation

Assessment Primary Focus Rater Items

Antepartum Questionnaire51 Depression screen Patient 24
Apgar Score® Physical status Professional 5
Beck Depression Inventory52 Symptom status Patient 21
Behavioral Risk Factor Surveillance System26 Risk screening Patient 76
Braden Pressure Ulcer Risk Assessment®’ Risk screening Professional 6
Caregiver Burden Scale’® Caregiver burden Caregiver 29
Caregiver Quality of Life Index—Cancer Scale®” Quality of life Caregiver 35
Center for Epidemiologic Studies Depression Scale® Depression screen Patient 20
Denver 1> Developmental status Professional 125
Douglas Ward Risk Calculator™* Pressure ulcer risk screen Professional 6
Gosnell Pressure Ulcer Risk Assessment> Pressure ulcer risk screen Professional 5
Home Health Care Classification® Nursing-sensitive Professional 145
Illness Intrusiveness Ratings Scale®’ Illness impact Patient 13
Index of Activities of Daily Living46 Functional status Professional 6
Karnofsky Performance Status Scale® Functional status Professional 1
Life Satisfaction Index A% Life satisfaction Patient 20
Living with HIV4! Quality of life Patient 32
Marlowe-Crowne Social Desirability Scale?* Attitudes and traits Patient 33
Medical Outcomes Study Short Form 367 Health status Patient 36
Morse Fall Score® Falls risk screen Professional 6
Nursing Outcomes Classification> Nursing-sensitive Professional 190
Norton Scale for Decubiti”® Decubitus risk screen Professional 5
Omaha System23 Nursing-sensitive Professional 123
Post-anesthesia Score?® Physical status Professional 5
Post-anesthesia Score (modified for patients Physical status Professional 10
having anesthesia on an ambulatory basis)””

Problematic Back Pain Screening Questionnaire® Back pain risk screen Patient 24
Quality Audit Marker®! Functional status Professional 10
Revised Trauma Score*? Physical status Professional 3
Seattle Angina Questiormaire27 Functional status Patient 19
Self-Efficacy Scale? Beliefs Patient 10
Self-Reported Medication Taking Scale®? Adherence behavior Patient 4
Sign and Symptom Checklist for Persons with HIV? Symptom status Patient 26
Trauma Score*? Physical status Professional 7
Visual Analog Scale—General Health, Pain, Quality of Life?® Health status Patient 1
Waterlow Pressure Sore Risk Assessment®® Risk screening Professional 7
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family). The refinements of other definitions were
primarily the addition of examples for purposes of
clarification.

Dissection of Assessment Items

Following training on a small sample of items to
establish initial inter-coder reliability, each assess-
ment item was entered into a Microsoft Access data-
base and dissected into the elements of the Clinical
LOINC semantic structure by one of four coders
(S.B.,C.M,, G.C.,R.K.). One coder (S.B.) was involved
in the extension of the LOINC definitions; the other
three were domain experts in the types of scales they
were coding but were unfamiliar with LOINC. To
assess inter-coder reliability of the dissections across
all instruments in the evaluation, two coders dissect-
ed a sample of items.

The sample for inter-coder reliability was composed of
at least one randomly selected item per assessment
instrument. For the assessment instruments in the
evaluation, a single assessment instrument reflected
only a single type of Property, Timing, System/
Sample, and Method for all items, but some had mul-
tiple scale types. Thus, when the instrument had a sin-
gle scale type, one item was randomly selected. More
than one item per instrument was placed into the
inter-coder reliability sample when multiple types of
scales (e.g., nominal and ordinal) were present in a sin-
gle instrument. In that instance, one item of each scale
type was randomly selected for inclusion, resulting in
a sample of 40 items. Inter-coder reliability was calcu-
lated using percentage agreement.

The coders were able to dissect all items from the 35
standardized assessment instruments into the ele-
ments of the Clinical LOINC semantic structure.
Sample dissections are shown in Table 4. There was
agreement between both coders on all elements in 25
of the 40 items composing the sample for inter-rater
reliability. Percentage agreement for each element was
as follows: component, 100 percent; property, 87.8 per-
cent; timing, 82.9 percent; system/sample, 100 per-
cent; scale, 92.6 percent; and method, 97.6 percent.

Discussion

The results of this evaluation support the adequacy of
the Clinical LOINC semantic structure as a terminolo-
gy model for standardized assessments. Using the
revised definitions, the coders were able to dissect all
standardized assessment items in the instruments

Table 3 =

Definitions for Dissecting Assessment Items

1. LOINC CODE (TO BE ASSIGNED; LEAVE BLANK)

2. COMPONENT—Attribute of a patient or an organ system
within a patient; name of the scale and item

3. PROPERTY—kind of quantity related to a substance

3.1. Finding—atomic clinical observation, not a summary
statement as an impression; can be professional or non-pro-
fessional; can be of any scale type

3.2. Impression—a diagnostic statement, always an interpre-
tation or abstraction of some other observations and almost
always generated by a professional

4. TIMING—interval of time to which the measurement applies
4.1. Point—single point in time

4.2. Interval—more than a single point; specified in minutes,
hours, days, weeks, months, etc.

5. SYSTEM (SAMPLE)—individual or group who is the object
of the measurement

5.1. Patient/client
5.2. Family
5.3. Caregiver
5.4. Child
5.5. Community
5.6. Parent-child dyad
5.7. Patient-caregiver dyad
6. SCALE—type of scaling used in the measurement of the item

6.1. Quantitative—numeric value that relates to a continuous
numeric scale (e.g., visual analog scale)

6.2. Ordinal—reported either an integer, ratio, a real number
or range; ordered categorical responses (e.g., semantic differ-
entials, likert-type scales; yes/no; positive/negative)

6.3. Nominal—nominal or categorical responses that do not
have a natural ordering; typically have a coded value (e.g.,
diagnosis)

6.4. Narrative—free text narrative
7. METHOD—method of completing the measurement
7.1. Observed (professional’s rating)

7.2. Reported (patient/client self-report)

NorTE: Bold font indicates changes or extensions to LOINC.

composing the sample into the elements of Clinical
LOINC. The initial results for inter-coder reliability are
encouraging. The primary limitation of the evaluation
was the number of standardized assessments in the
sample, which may not be representative of the full
scope of assessments of interest. In addition, the eval-
uation explicated some significant issues. Following
discussion of these issues, the implications of the find-
ings for the LOINC database and for the incorporation
of standardized assessments into reference terminolo-
gies are summarized.
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Issues

Some inconsistencies were the result of simple errors
in which the coding of the items was not consistent
with the definitions (e.g., scale type); however, the
evaluation revealed several issues that require clarifi-
cation and development of a consistent approach.
These include temporal aspects, differentiation
between finding and impression, representation of
nominal responses as attributes or values, and algo-
rithmic information.

Temporal Aspects

Temporal aspects were the most difficult to code con-
sistently. For example, some time spans (e.g., during
pregnancy, have you ever had “X”?) did not fall into
clear temporal categories such as number of hours,
weeks, or years. When items included an explicit
time (e.g., within the last four weeks) or were obser-
vations by a professional at a specific point in time,
the dissections were consistent across coders.

Findings versus Impressions

Differentiating between findings and impressions
was problematic only for assessments in which the
professional was the respondent, since by definition
all assessments completed by the client were coded
as findings. Lack of agreement between the two
coders occurred primarily in the instances of physio-
logic variables measured by ordinal scales, such as
respiratory rate and functional aspects like the abili-
ty to open the eyes or move the limbs.

Attributes versus Values

Consistent with the approach for Clinical LOINC,
responses were treated as values associated with
attributes (i.e., the standardized assessment items). In
items for which only one response is possible, repre-
sentation of a nominal response as a value is not
problematic. However, when the responses made up
a list (e.g., medical diagnoses as responses to ques-
tions on the Behavior Risk Factor Surveillance
System?®) and it was possible for an individual to
select more than one response (i.e., multiple values
like diagnoses), each response could be considered
an attribute associated with the ordinal value of
either present or absent.

In either instance, coded data elements from a termi-
nology such as SNOMED have a potential role.* In the
former the terminology codes would serve as the
values, and in the latter as the attributes. The first
approach is more consistent with the current rela-

tionship that exists between LOINC codes and
SNOMED codes for laboratory names and results,* but
the second reflects many electronic health record
user interfaces. A consistent strategy is necessary to
facilitate data sharing and re-use among computer-
based systems.

Algorithmic Knowledge

Terminology models are not intended to handle algo-
rithmic knowledge such as scoring instructions associ-
ated with many standardized assessments. For exam-
ple, selected items on the Medical Outcomes Study
Short Form 36® and the Sign and Symptom Checklist
for Persons with HIV® require computation and are
reported as subscale scores (i.e., values) rather than as
individual item values. The terminology model
should be capable of representing the attribute of sub-
scale score and its value (e.g., physical functioning
from the Short Form 36 score) and, similarly, the total
assessment score, if appropriate.

Implications

The findings of this evaluation have implications for
the expansion of the LOINC database and for the
incorporation of standardized assessments into refer-
ence terminologies.

LOINC Database

Representation of standardized assessment items as
fully specified Clinical LOINC names is necessary for
incorporation into the LOINC database, and the results
of this evaluation support the fit of the data to the
semantic structure. In addition, beyond the informa-
tion associated with the semantic structure, the LOINC
database provides a structure for the inclusion of other
useful information, such as the textual descriptions of
the assessment items and the response sets.

Discussion with members of the Clinical LOINC
Committee about the evaluation findings resulted in a
recommendation for the inclusion of these types of
standardized assessments into LOINC. However, for
actual integration, several issues must be addressed.
First, the dissections must be compared for consisten-
cy with other similar measures already included or
slated for inclusion in the LOINC database. For exam-
ple, in contrast to other items in LOINC, organ or body
system was not used as a potential System/Sample in
this evaluation, even though it might be appropriate
for some assessments.

Also, after review of the evaluation results, the
Committee suggested that the name of the standard-
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ized assessment instrument be moved from
Component to Method, (e.g., REPORTED.SF36,
OBSERVED.NOC) for consistency with other items
slated for incorporation into the next release of the
LOINC database.

Second, permission to incorporate those assessments
not in the public domain into LOINC database must
be sought from the copyright holders. Assessments
in the public domain and those copyrighted instru-
ments that are frequently used in health care will be
the highest priorities for inclusion.

Third, an approach to linking the items in an assess-
ment is needed. Preliminary discussion supports the
notion of a battery of assessment items analogous to
a battery of laboratory tests; for example, the LOINC
code 18729-4 represents a complete urinalysis battery
that includes a set of observations, each with its own
LOINC code (e.g., urine color, urine appearance).
Likewise, an Index of Activities of Daily Living bat-
tery could be composed of the individual items relat-
ed to a specific activity of daily living (e.g., dressing,
bathing).*

Reference Terminologies

This evaluation supported the adequacy of the
Clinical LOINC semantic structure as a terminology
model for standardized assessments, but a terminol-
ogy model (e.g., Clinical LOINC specification) and
set of terms (in this evaluation, standardized assess-
ment items) are only two components of a reference
terminology. Also needed are other types of infor-
mation (e.g., hierarchic knowledge), a language for
expressing the instantiated terminology model in a
computable form,*” and software tools for processing
the representations.*® Representation language and
software tools (which have been recently reviewed in
detail elsewhere!'?%’) are not specific to the type of
data being represented.

In contrast, the hierarchic knowledge used for classi-
fication varies with the information being classified.
In sNOMED,* for example, hierarchic knowledge relat-
ed to classification of diseases includes topography
(e.g., organ system) and morphology. For standard-
ized assessment items, other types of hierarchic
knowledge may be appropriate. At least two aspects
(component and dimension of the component meas-
ured) would be useful for hierarchic classification
purposes. Taking medication and activities of daily
living are examples of components that occurred in
multiple standardized assessments. Examples of
potential dimensions are beliefs, attitudes, knowl-
edge, and behavior.

The notion of dimension was originally proposed (by
S.B.) as an extension to the LOINC semantic struc-
ture; however, the Clinical LOINC Committee rec-
ommended alternatively that dimension be included
as descriptive information in a field in the LOINC
database. Classification by component and dimen-
sion would make it possible to retrieve a variety of
assessments (e.g., both knowledge and behavior)
related to taking medication or to multiple compo-
nents (e.g.,, medications and bowel continence).
Examples are shown in Figure 1.

define-concept Behavior related to taking prescribed
medication regimen

has component Prescribed medication regimen:Behavior
has property Impression

has timing Point

has system/sample Patient

has scale Ordinal

has method Observed

is part of Omaha System

is-a medication regimen measurement

is-a behavior measurement

define-concept Knowledge related to taking prescribed
medication regimen

has component Prescribed medication regimen:Knowledge
has property Impression

has timing Point

has system/sample Patient

has scale Ordinal

has method Observed

is part of Omaha System

is-a medication regimen measurement

is-a knowledge measurement

define-concept Behavior related to bowel continence
has component Bowel continence:Behavior
has property Impression
has timing Point
has system/sample Patient
has scale Ordinal
has method Observed
is part of Katz Activities of Daily Living Scale
is-a ADL measurement
is-a bowel function measurement

is-a behavior measurement

Figure 1 Examples of using Clinical LOINC semantic
structure and hierarchic information to represent stan-
dardized assessment items in a reference terminology.
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Organ systems, care components, and functional
health patterns are examples of other types of infor-
mation that might be useful in the classification of
standardized assessments. Minimally, a hierarchic
classification for standardized assessments should
support the linkage of a standardized assessment
with the individual items it comprises. In some
instances, the same item is part of a number of stan-
dardized assessments, which would support data re-
use (e.g., the various versions of the Medical
Outcomes Study questionnaire™).

This evaluation was an initial step toward the repre-
sentation of standardized assessment items in a man-
ner that facilitates data sharing and re-use. The abili-
ty to incorporate standardized assessments into an
existing semantic structure such as LOINC is an
important step toward simplifying their assimilation
into computer-based systems for multiple purposes,
such as documenting assessments in usable, share-
able, and analyzable form; linking process and out-
come data; and transmitting claims attachments.

The analysis supported the validity of the Clinical
LOINC semantic structure for representing standard-
ized assessment measures. Further clarification of the
definitions, especially those related to time and prop-
erty, is required to improve inter-coder reliability
and to harmonize the representations with similar
items already in the LOINC database. Potential areas
for further research include evaluating the terminol-
ogy model with additional standardized assessments
and the critical examination of potential hierarchic
structures (e.g., dimensions, care components) that
would support the integration of standardized
assessment measures into reference terminologies.
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ing the evaluation, and the members of the Clinical LOINC
Committee, especially Clement J. McDonald, for their useful com-
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