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A b s t r a c t Objective: The purpose of the study is to explore the use of formal systems to
model nursing terminology.

Design: GRAIL is a formal, compositional terminologic language, closely related to frame-based
systems and conceptual graphs, which allows concepts to be formed from atomic-level primitives
and automatically classified in a multiple hierarchy. A formal model of the alpha version of the
International Classification for Nursing Practice (ICNP) classification of nursing interventions was
constructed in GRAIL.

Measurements: The model was analyzed for completeness, coherence, clarity, expressiveness,
usefulness, and maintainability.

Results: GRAIL is capable of representing the complete set of atomic-level concepts within the
ICNP as well as certain cross-mappings to other vocabularies. It also has the potential to
represent many more concepts, to an arbitrary level of detail.

Conclusions: Formal systems such as GRAIL can overcome many of the difficulties associated
with traditional nursing vocabularies without restricting the level of detail needed to describe
nursing care.
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The view that traditional enumerated classifications*
and other representations may not be sufficient for
representing detailed clinical information in comput-
erized patient record systems for nursing is now well
established.1 – 3

The majority of commonly reported standardized
nursing vocabularies take the form of enumerated
classifications. Enumerated classifications are termi-
nologic systems in which enumerated concepts are re-
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lated by hierarchic relations—i.e., the generic ‘‘is-a’’
relation and the partitive ‘‘part-of’’ relation—and
other associative and pragmatic relations. Such sys-
tems strive to be exhaustive and to guarantee that
all children of each concept are disjoint.4 Exam-
ples within nursing include the North American Nurs-
ing Diagnosis Association (NANDA) Taxonomy I,5

the Nursing Interventions Classification (NIC),6

the Georgetown Home Health Care Classification
(HHCC),7 and the Omaha Community System
(Omaha).8

These systems are important because they provide a
structure for retrieving and using nursing data from
automated systems.9 Other reasons cited for organiz-
ing nursing concepts into hierarchies include: to for-
malize and expand knowledge about nursing practice,
to assist in determining the cost of nursing services,

*What we term in this article as ‘‘enumerated classifications’’
are referred to by Ingenerf 4 as ‘‘systematic taxonomic vocabu-
laries.’’
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to help target resources more effectively, and to make
explicit the role played by nurses in health care.10 Enu-
merated classifications are also useful for statistical
evaluation.4

As far as they go, therefore, enumerated classifications
have a useful role to play in the retrieval and analysis
of data. They can facilitate further reuse of data by
linking that data to a range of knowledge sources
such as decision-support systems, therapeutic proto-
cols, and practice guidelines.1

With respect to patient care, however, there is increas-
ing evidence that existing enumerated classifications
are not able to represent in sufficient detail nursing
data within patient records.1 – 3 As such they are poorly
suited for describing day-to-day nursing care. It is
possible that this is not just a shortcoming of existing
systems but a fundamental limitation of the use of
enumerated classifications for nursing vocabularies
for patient care.

The purpose of this article is to examine the problems
associated with using enumerated classifications and
other commonly reported vocabularies to represent
nursing data, and to describe the use of an alternative
approach, the GRAIL† representation language, to
model nursing terminology.

Background

Evaluation of Existing Nursing Vocabularies

Enumerated classifications lack specificity because
they are constructed by enumerating all the possible
terms to be represented and organizing the enumer-
ated terms into a hierarchy. In constructing any enu-
merative scheme, developers must limit the included
concepts to a number that remains manageable, both
in terms of development and in terms of ‘‘look up’’ at
the user interface. Because of this, enumerative clas-
sifications tend to be both shallow (i.e., terms are con-
fined to a somewhat coarse-grained and abstract
level) and narrow (i.e., the classification is tuned to a
single purpose or to a group of closely-related pur-
poses). The HHCC and Omaha classifications have, in
fact, been criticized for lacking the specific vocabulary
of acute care, and NANDA has been criticized for not
covering all fields of specialty practice.2

Arranging enumerated concepts into hierarchies is
problematic. As the total number of concepts must be
limited, so too must the number of concepts at any
particular level. In addition, there are many ways to

†The GRAIL language and software are copyright University of
Manchester, Manchester, England.

classify any individual enumerated concept. For ex-
ample, the rubric ‘‘Feeding,’’ drawn from the Nursing
Interventions Classification,6 is classified as both a
‘‘Nutrition Support’’ and a ‘‘Self-Care Facilitation.’’ Fi-
nally, it is rare in enumerated classifications for rela-
tions to be labeled explicitly as ‘‘is-a’’ or ‘‘part-of’’ re-
lations. Thus, the possibility of formally processing
the hierarchy is restricted.

These problems have led to a renewed interest in the
development of nomenclatures.2,11 ‡ A nomenclature is
simply a collection of terms relevant to a domain,
with no explicit hierarchic structure.4 One study2

claims that it may be possible to develop an enumer-
ated list of standard terms capable of representing the
universe of terms actually used to record data ele-
ments in a patient record. As in the case of enumer-
ated classifications, however, there are outstanding is-
sues concerning the scalability and expressiveness of
nomenclatures. Moreover, as nomenclatures have no
explicit hierarchic structure, the few benefits associ-
ated with enumerated classifications are lost, leading
to potential difficulties with organizing, accessing, re-
trieving, and analyzing information. In short, nomen-
clatures embody most of the disadvantages of enu-
merated classifications and none of the advantages.

Another alternative to enumerated classifications is
combinatorial taxonomic vocabularies, such as SNO-
MED.12 It has been suggested that combinatorial taxo-
nomic vocabularies may have a central role in repre-
senting nursing concepts.1 By decomposing complex
concepts into primitive concepts, such schemes attempt
to address the problems associated with enumerative
representations. However, current implementations that
provide a framework for constructing complex clinical
concepts are impaired by the lack of specific rules for
determining which combinations are clinically sensible
and for determining canonic forms for concepts. Thus,
they cannot prevent the creation of clinically meaning-
less concepts, nor are they able to control combinatorial
explosion.13 Moreover, as complex concepts are not clas-
sified, any hierarchic relationships between complex
concepts must be inferred for retrieval.

A third alternative is the use of formal systems.1,13 One
such alternative is the GRAIL representation language.

GRAIL has been applied successfully within general
medical practice.14 While it has been possible to draw
on this experience, a focus on nursing presents new
challenges. Problems with the quality of nursing records
have been recognized for a number of years.15 Howse
and Bailey16 go further by suggesting that there is ‘‘per-

‡What we term in this article as ‘‘nomenclatures’’ are referred
to by Ingenerf 4 as ‘‘linear lists.’’
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sistent apathy towards documentation in patients’
charts’’ and ‘‘while most nurses will acknowledge the
merits of documentation, few will agree that task is re-
warding or performed competently.’’

This situation is compounded by a confusion about
the nature of nursing information. In the context of
nursing interventions McCloskey et al.10 identify four
main reasons for this confusion:

n The variable use of multiple terms, as when such terms
as action, activity, treatment, and order are used in-
terchangeably at some times but to indicate differ-
ences at others;

n The contextual nature of nursing information, leading
to confusion between intervention (nurse behavior)
and assessment and evaluation (patient behavior);

n The lack of conceptualization of how a number of ac-
tions might fit together, resulting in verbose care
plans, despite the widespread use of different levels
of abstraction to describe the same aspect of nurs-
ing care;

n Inadequate decision-making among nurses in selecting
and prioritizing interventions.

As part of the TELENURSE project we have at-
tempted to overcome the first three problems17,18; the
final problem requires changes to nursing practice. It
is our belief that a compositional approach, such as
GRAIL, can overcome the difficulties associated with
traditional nursing vocabularies. To bear this out, we
constructed in GRAIL a model of one such vocabu-
lary, the alpha version of the International Classifica-
tion for Nursing Practice (ICNP)§ classification of
nursing interventions.19

Reasons for Using GRAIL to Represent Nursing
Terminology

A number of authors have proposed criteria for eval-
uating standardized coding and classification systems
to support clinical practice.20 – 25 The following prop-
erties are adapted from a summary of those criteria
by Henry and Mead1:

n Completeness. The representation should include all
terms describing the clinical domain and should be
broad enough to be applicable in a variety of set-
tings.

n Coherence. The representation should be consistent
with a clearly defined framework. For example, re-

§The ICNP is copyright the International Council of Nurses.

lationships among concepts should be explicit, there
should be only one way to express each concept,
terms should refer to only one concept, and it should
be possible to classify concepts along multiple axes.

n Clarity. Concepts within the representation should
have clear, understandable definitions.

n Expressiveness. The representation should be clini-
cally expressive through, for example, the modifi-
cation of concepts.

n Usefulness. The representation should be useful in
clinical practice.

n Maintainability. The representation should be main-
tainable.

The ultimate goal of our work is to provide a repre-
sentation of nursing terminology that satisfies these
criteria.

Methods

Summary of the Main Features of GRAIL

As a more powerful, ‘‘third-generation’’ approach to
nursing terminology, we used compositional models
formulated in the GALEN Representation and Inte-
gration Language (GRAIL).26 This language has been
developed within the GALEN and GALEN-IN-USE
projects, which are funded by the European Union.

GRAIL provides a means of capturing the knowledge
that underpins clinical terminology in a formal com-
positional model. The goal is that all, and only, sen-
sible clinical concepts can be generated from the
model. GRAIL is a terminologic language, analogous
to the ‘‘T-box’’ 27 of ‘‘description logics’’ such as KL-
ONE,28 and to Conceptual Graphs.29 Its development
has been driven by the requirements of users of clin-
ical applications and by the need for a reusable and
extendible model of clinical terminology.

A model constructed in GRAIL consists of a network
of nodes called ‘‘entities,’’ such as Relieving\ or Pain,
and directed arcs or ‘‘statements’’ labeled by special
kinds of entities called ‘‘attributes,’’ such as actsOn.
Hence, statements take the form: TopicEntity–
Attribute–ValueEntity. Elementary nodes and attri-
butes are organized into a subsumption taxonomy.

\The experimental work presented in this article does not con-
form entirely to other ongoing GALEN activities, but it will
eventually be harmonized. For example, the entity Relieving
does not yet appear in the current harmonized version of the
GALEN common reference model.
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F i g u r e 1 Assertion of elementary entities in GRAIL.

F i g u r e 2 Formal subsumption in GRAIL.

Composite entities are created using the which oper-
ator}:

Relieving which
actsOn Pain.

The which operator also performs normalization on
entities and classifies automatically proposed entities.

Composite entities consist of a topic entity or ‘‘base’’
(i.e. Relieving) and a ‘‘definition’’ or set of attribute-
value pairs, known as ‘‘criteria’’ (i.e. actsOn Pain).
Composite entities may be named, although this is not
essential, using the name operator:

(Relieving which
actsOn Pain)

name RelievingPain.

This example shows how the composite entity pro-
vides sufficient criteria for recognition of the concept
‘‘relieving pain.’’

Elementary entities are asserted into a hierarchy. They
can then be further described, which may cause them
to be classified under multiple parents. For example, it
can be asserted that the entity Pain is subsumed by
Symptom (i.e., Pain ‘‘is-a’’ Sympton), as shown in Figure
1.

Formal subsumption is derived from the definition of
entities, resulting in a multiple hierarchy of clinically
sensible entities that are classified to an arbitrary level
of detail. For example:

Relieving which
actsOn Pain.

is subsumed by

Relieving which
actsOn Symptom.

as shown in Figure 2.

Application of GRAIL Within Nursing

The TELENURSE project is an accompanying measure
in the European Telematics Application Programme.
Its primary aim is to promote consensus among
nurses in Europe about the use of the ICNP, which is
being developed by the International Council of
Nurses. The vision is to use the ICNP as the founda-
tion for comparing nursing practice across Europe
and, ultimately, the rest of the world.

}The operator which is used for the creation, normalization, and
classification of composite entities. The operator whichG, a var-
iant on the which operator, is used for making queries about
composite entities. For the purpose of clarity, this article ignores
this distinction.

The development of the ICNP classification of nursing
interventions represents a major departure from tra-
dition in terminologic work in nursing. The classifi-
cation represents the first attempt in nursing to pro-
vide a formalized vocabulary of primitive terms. In
common with SNOMED, it takes the form of a com-
binatorial taxonomic vocabulary.

The ICNP classification of nursing interventions com-
prises 1302 atomic-level concepts, distributed among
six separate axes: Action Types, Objects, Approaches,
Means, Body Sites, and Time/Place. Each concept in
the classification is explicitly defined and classified in
terms of the generic relation. There is no other un-
derlying knowledge formalism, however, and the
mechanism by which complex concepts are generated
from atomic-level concepts is poorly specified.

Our work in TELENURSE has included the provision
of a formalized mechanism for defining the syntax for
sensible combinations of atomic-level data (i.e., ICNP
nursing interventions). This has involved the creation
of explicit hierarchies of atomic-level ICNP concepts
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to mirror in GRAIL the structure and content of the
ICNP classification. It has also involved the develop-
ment of GRAIL definitions for more complex atomic-
level ICNP concepts. For example, the ICNP concept
‘‘Nursing Interventions’’ has been explicitly defined in
GRAIL as:

(Process which
hasPersonPerforming Nurse)

name NursingInterventions.

Each atomic-level concept in the ICNP classification is
a descendent of the top concept, labeled ‘‘Nursing In-
terventions.’’ This is not always reflected in individual
rubrics, or labels for concepts, however. For example,
the ICNP rubric ‘‘Eye’’ is a descendent of ‘‘Nursing
Interventions with Reference to: Anatomical Loca-
tions.’’ Thus, it would be more accurate to label the
concept ‘‘Eye’’ in the ICNP as ‘‘Nursing Interventions
with Reference to: Eye.’’ Such implied definitions for
ICNP concepts are made explicit in GRAIL. For ex-
ample, the GRAIL definition for the ICNP concept
‘‘Eye’’ is:

Process which^
hasPersonPerforming Nurse
actsOn (Objects which

locativeAttribute Eye)&.

This entity is automatically classified under the GRAIL
representation of the ICNP concept ‘‘Nursing Interven-
tions with Reference to: Anatomical Locations’’ and
therefore also under the GRAIL representation of the
ICNP concept ‘‘Nursing Interventions.’’ The resulting
GRAIL subsumption hierarchy of nursing interventions
provides a ‘‘bridge’’ for different levels of abstraction
and shows how entities interrelate.

The criterion hasPersonPerforming Nurse is a ‘‘role’’-like
construct that allows for a process to be defined once,
whether it is performed by a nurse, or indeed by an-
other practitioner, and to be further specialized by
sub-kinds of nurse. This allows for the classification
to be built ‘‘bottom-up’’; that is, it would be possible
to review a record, to decide empirically which pro-
cesses may be performed by nurses, and to create the
idea of a nursing variant of that process. For example,
drug administration is often, but not always, a nurs-
ing intervention. Multiple classification of processes
carried out by sub-kinds of nurse is performed auto-
matically and at no extra cost.

The GRAIL definition of a nursing intervention would
appear to exclude processes performed by other prac-
titioners. The purpose of the criterion hasPerson-
Performing Nurse is to flag an entity as a nursing in-
tervention. The label for this link is used for historic
reasons of consistency in modeling style. Although
names in a model are inevitably approximate, the in-

terpretation of a model is highly dependent on those
names. Thus, to prevent confusion it may be desirable
to relabel the link, for example by using the criterion
hasRelevantDomain NursingDomain (i.e., a process that
is of interest to nurses no matter who performs it).

In Mortensen,19 there are suggested cross-mappings#
between 658 rubrics drawn from a range of existing
representations and sets of atomic-level concepts from
the ICNP classification of nursing interventions. For
example, the rubric ‘‘Tube Care: Gastrointestinal’’
drawn from the Nursing Interventions Classification6

maps to the set of three separate atomic-level ICNP
concepts: 2.A.-4. Caring, 2.B.-2.1.3. Tubes, and 2.E.-
1.1.13 Gastrointestine.

The linkages between elementary GRAIL entities have
been derived from these suggested cross-mappings.
As specific detail is added via the linkages, composite
GRAIL entities are classified automatically using for-
mal subsumption. For example, in GRAIL the rubric
‘‘Tube Care: Gastrointestinal’’** is represented by the
single entity:

Caring which^
hasPersonPerforming Nurse
actsOn (Tubes which

hasLocation Gastrointestine).

This entity is classified automatically and multiply
within one hierarchy. It is classified under the GRAIL
representation of the ICNP concept ‘‘Nursing Inter-
ventions Taking As Object Other Objects’’ (i.e., from
ICNP axis B: Objects), defined in GRAIL as:

Process which^
hasPersonPerforming Nurse
actsOn OtherObjects&.

because the entity Tubes is subsumed by the entity
OtherObjects. It is also classified under the GRAIL rep-
resentation of the ICNP concept ‘‘Nursing Interven-
tions With Reference to: Anatomical Locations’’ (i.e.,
from ICNP axis E: Body Sites), defined in GRAIL as:

Process which^
hasPersonPerforming Nurse

#What we call ‘‘cross-mapping’’ here is referred to elsewhere30

as ‘‘mapping’’—i.e., the change in the representation of a con-
cept from one terminologic system into the most similar concept
in another system.

**The rubric ‘‘Tube Care: Gastrointestinal’’ is drawn from the
Nursing Interventions Classification. The GRAIL definition of
this concept includes the criterion hasPersonPerforming Nurse
merely to flag the fact that in this particular instance the activity
is undertaken by a nurse. In another instance, the activity might
be undertaken by a family caregiver. This would be reflected
in GRAIL by substituting the criterion hasPersonPerforming
FamilyCaregiver for the criterion hasPersonPerforming Nurse.
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actsOn (Objects which
hasLocation AnatomicalLocations)&.

because the entity Gastrointestine is subsumed by the
entity AnatomicalLocations.

Results and Discussion

Benefits of Using GRAIL to Represent Nursing
Terminology

In this section we discuss the benefits of using GRAIL
and applying other associated GALEN techniques to
nursing terminology, in terms of the extent to which the
resulting representation meets our evaluation criteria.

Completeness. As discussed above, existing represen-
tations may not be sufficient for representing detailed
clinical information. The ICNP classification of nurs-
ing interventions, like the GRAIL model developed
within the TELENURSE project, uses a range of exist-
ing representations as source material and therefore
cannot be considered complete. In our study, com-
pleteness was tested by evaluating the degree to
which GRAIL was able to represent atomic-level con-
cepts within the ICNP classification of nursing inter-
ventions and any suggested cross-mappings. The re-
sults show that GRAIL is capable of representing the
complete set of atomic-level concepts and suggested
cross-mappings and has the potential to represent
many more, to an arbitrary level of detail.

Within the GRAIL model of nursing interventions, all
1302 atomic-level ICNP concepts are modeled as ele-
mentary entities, and all suggested cross-mappings
are modeled as composite entities. The GRAIL hier-
archy of composite nursing interventions comprises a
total of 596 entities. There are fewer GRAIL entities
than cross-mappings between rubrics from other rep-
resentations and sets of concepts from ICNP because
in many cases more than one rubric maps to the
same set of ICNP concepts. For example, the rubrics
‘‘Cast Care,’’ ‘‘Cast Care Maintenance,’’ and ‘‘Case
Care: Wet’’ all map to the same set of ICNP concepts,
2.A.-4. Caring and 2.B.-2.-1.2.6. Cast. Since linkages
between elementary GRAIL entities are based on
the cross-mappings between rubrics from other
representations and sets of concepts from ICNP (as
discussed in Methods), there are fewer composite
GRAIL entities than cross-mappings.

Of the cross-mappings between rubrics from other
representations and sets of concepts from the ICNP,
27 include more than one ICNP action type. A com-
mon feature of many coding systems is the inclusion
of expressions such as ‘‘with’’ to represent conjunction
within a single rubric (e.g., the Nursing Interventions

Classification rubric ‘‘Airway insertion and stabiliza-
tion’’). Up to now, the GRAIL model of nursing inter-
ventions has been unable to represent such compound
expressions as a single GRAIL entity. We solved this
problem using a variant of an existing GRAIL con-
struct: Rubrics from other representations are mapped
to nursing processes rather than to individual nursing
interventions. More than one action type is handled,
as is explicit omission of an action type (e.g., ‘‘with-
out’’), by including ‘‘performed’’ and ‘‘not per-
formed’’ as states. Hence, ‘‘Airway insertion and sta-
bilization’’ is represented as:

NursingProcess which ^
isCharacterizedBy (performed

which isEnactmentOf (Stabilizing which
actsOn Airway))

isCharacterizedBy (performed
which isEnactmentOf (Inserting which

actsOn Airway))&.

The above entity would be classified under any entity
that shows the performance of Stabilizing or Inserting
or under any entity for which Airway is the object.
This approach has been used previously to capture
conjunctions of diseases26,31 and conjunctions of sur-
gical procedures.32

While GRAIL appears to be suitable for formulating a
unified formal model of nursing terminology that can
be used for a variety of purposes in a variety of spe-
cialties, a thorough evaluation of this possibility must
await the development of a wider range of applications.

Coherence. The formal properties of GRAIL ensure
that concepts are defined and classified in a principled
way. (A more detailed discussion of the formal prop-
erties of GRAIL may be found in Rector et al.26) The
following points illustrate some of these properties:

n A significant problem with enumerated classifica-
tions and nomenclatures is the fact that any reason-
ing behind decisions made during the construction
of the scheme is locked inside rubrics or concept
definitions. For example, a nurse may have a clear
understanding of the expression ‘‘Care for gastro-
intestinal tube,’’ but a computer can have no such
understanding and thus cannot utilize the under-
lying clinical concepts in managing the scheme. On
the other hand, as definitions for GRAIL entities are
made explicit (as discussed above), GRAIL can use
the criteria to manage the model.

n Normalization of entities is an important feature of
GRAIL. Entities are reduced to a canonic form prior
to classification to prevent redundancy. For exam-
ple, in a later version of the GRAIL model:
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F i g u r e 3 Multiple classification in GRAIL.

Foot which ^
hasLaterality Left
isPartOf Leg&

is printed simply as:

Foot which
hasLaterality Left

because Foot is necessarily part of Leg, so the cri-
terion isPartOf Leg is redundant. (A more detailed
discussion of normalization is presented in Rector
et al.26)

n The naming process permits unique knowledge
names only. Thus, formal ambiguity is not possible
(although it is, of course, possible for users to mis-
interpret the names).

n Within the GRAIL model of nursing interventions,
21 elementary entities have more than one parent.
This reflects the fact that within the ICNP classifi-
cation of nursing interventions, 21 concepts appear
in more than one axis. As mentioned above, formal
subsumption in GRAIL results in a multiple hier-
archy. Of the 596 composite entities in the GRAIL
hierarchy of nursing interventions, 231 have a sin-
gle parent, 288 have two parents, 62 have three par-
ents, 14 have four parents, and one entity has five
parents. For example, the entity represented in nat-
uralistic language as ‘‘enhancing sleep’’ is sub-
sumed by the four entities represented as ‘‘nursing
interventions taking as object restoration,’’ ‘‘caring
for physiological functions,’’ ‘‘assisting,’’ and ‘‘pro-
moting,’’ as shown in Figure 3. To represent the
GRAIL hierarchy of 596 composite nursing inter-
ventions manually would require the listing of 1054
terms (with 448 duplicates).

Clarity. While the syntax of GRAIL is useful for writ-
ing, building, and viewing a GRAIL model, it is less
useful, perhaps, to the majority of potential users of
the model. Results from experiments to generate nat-
uralistic language automatically from GRAIL entities

are encouraging and have shown that it is possible to
‘‘hide’’ the syntax of GRAIL from users. For example,
in the current implementation, the GRAIL entity cor-
responding to the Nursing Interventions Classifica-
tion rubric ‘‘Tube Care: Gastrointestinal’’ is repre-
sented in GRAIL as:

Caring which^
hasPersonPerforming Nurse
actsOn (Tubes which

hasLocation Gastrointestine).

and is presented to users as the naturalistic expression
‘‘caring for tube, gastrointestine.’’ An extract from the
GRAIL hierarchy of composite nursing interventions,
represented as naturalistic expressions, is given in Table
1.

The methods used to generate naturalistic language
within this initial study are relatively rudimentary.
Other projects33 have employed more sophisticated
techniques to produce high-quality natural language
output.

Expressiveness. When GRAIL is used, clinical con-
cepts may be described to an arbitrary level of gran-
ularity. It is thus possible to describe concepts at a
level that is natural to the user and appropriate to the
clinical situation. Criteria (i.e., attribute-value pairs)
serve to modify GRAIL entities. Any number of cri-
teria may be defined and linked to base entities. There
are a number of features—negation, in particular—
that have been deliberately omitted from GRAIL in
order to keep the formalism computationally tracta-
ble. (A fuller description of the limitations of GRAIL
is given in Rector et al.26)

Usefulness. There is increasing evidence to support
the view that applications using GRAIL and other as-
sociated GALEN techniques for the direct entry of
structured data are both usable by clinicians and use-
ful in clinical practice. For example, the PEN & PAD
(Elderly Care) project evaluated a prototypic nursing-
care planning system for hospital-based care, with
encouraging results.34 The prototype employed a
GALEN approach. We hope to provide further demon-
strations within nursing. In the field of general med-
ical practice, a data entry module based on a GALEN
approach has been developed commercially.14

Maintainability. For enumerative schemes a rela-
tively small increase in the expressiveness of the
scheme can produce a large increase in the number of
concepts and terms (and relationships). For example,
in a scheme consisting of 100 nursing diagnoses, the
introduction of the notion of ‘‘risk factor’’ with three
absolute levels—‘‘high,’’ ‘‘moderate,’’ and ‘‘low’’—
would result in a scheme consisting of 400 rubrics. In
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Table 1 n

Extract from the Hierarchy of Nursing
Interventions
Nursing interventions

Nursing interventions acting on nursing phenomena
Caring for physiologic functions

Assisting the person, birthing
Assisting elimination
Caring for bowel elimination

Caring for bowel incontinence
Caring for circulation

Caring for cardiac function
Preventing disrupted cardiac output
Restoring cardiac function

Preventing disrupted circulatory function
Preventing shock

Caring for dying
Caring for integument

Caring for integument, perineum
Caring for pressure ulcer

Preventing pressure ulcer
Caring for wound

Caring for surgical wound
Caring for traumatic wound

Treating integument
Caring for nutrition
Caring for physical activity
Caring for respiration

Assisting breathing
Caring for urinary incontinence
Caring for urinary retention
Enhancing sleep
Treating fever
Treating hypothermia

GRAIL, criteria are inherited along the subsumption
hierarchy, and the formation of a single link at an ap-
propriate level in the hierarchy produces the same ef-
fect, with a good deal less effort.

In addition to the evaluation criteria discussed above,
GALEN techniques allow automatic cross-mapping,
using the subsumption hierarchy, between relatively
detailed GRAIL entities and relatively abstract con-
cepts from any number of classifications and other
representations.

Work Outstanding

The ICNP has been developed using a range of exist-
ing representations as source material. Also, the link-
ages between atomic-level GRAIL entities have been
derived from existing cross-mappings between ru-
brics drawn from a range of existing representations
and sets of concepts from ICNP. As a result, the level
of detail of the GRAIL model of nursing terminology
is restricted to the level of detail of existing represen-
tations.

Rossi-Mori35 suggests that further work on the ICNP
is necessary, including the definition of a categorical
structure to describe semantic categories, semantic
links, and relevant structural patterns. These are ele-
ments of what Rossi-Mori terms a ‘‘second-generation
terminology system.’’ A semantic category is a con-
cept chosen to stand for a specified set of homo-
geneous subordinate concepts.30 This corresponds to a
high-level concept in the GRAIL hierarchy such as
NursingInterventions or Instruments. A semantic link is
a unidirectional associative relation from a base con-
cept.30 This corresponds to a GRAIL attribute such as
actsOn or hasLocation. Relevant structural patterns cor-
respond to linkages between GRAIL concepts. Re-
sponsibility for carrying out the refinement of ICNP
rests with the International Council of Nurses. We in-
tend to incorporate into our work any results as they
are made available, in order to enhance the GRAIL
model of nursing terminology.

Rossi-Mori35 also states that ‘‘second- and third-gen-
eration systems could be used to prepare and dis-
tribute respectively first-†† and second-generation
systems’’ by facilitating ‘‘easier reorganisation and
maintenance,’’ and ‘‘harmonization and cross-refer-
encing.’’ This would suggest that a GRAIL model of
nursing interventions, as a third-generation system,
could be used to assist in the development of the
ICNP classification of nursing interventions.

††According to Rossi-Mori, first-generation systems are system-
atic, predefined lists, possibly arranged as a single hierarchy,
such as nomenclatures or enumerated classifications.

As part of our ongoing research, we also hope to dem-
onstrate the utility of GRAIL in data retrieval and
analysis activities, to demonstrate the possibility that
a GRAIL model can assist not only with organizing
and accessing information, but also with retrieving
and analyzing it.

Conclusion

A number of well-considered standardized nursing
vocabularies have been developed over recent years.
The majority of these take the form of enumerated
classifications. While such representations have a use-
ful role to play in the retrieval and analysis of rela-
tively abstract data, they are unable to capture the de-
tail of day-to-day nursing care. Within the European
TELENURSE project, a formal compositional model of
atomic-level ICNP concepts has been built using the
GRAIL representation language. The GALEN ap-
proach does not seek to replace existing nursing vo-
cabularies; rather, it aims to contribute to the devel-
opment of those vocabularies, to supplement them,
and to make them available to nurses without restrict-
ing the level of detail needed for describing day-to-
day nursing care. Our small-scale experiment has
demonstrated that there is plausible evidence to sug-
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gest that a GRAIL model of nursing terminology has
the potential to meet evaluation criteria concerning
completeness, coherence, clarity, expressiveness, use-
fulness, and maintainability. In doing so, it has shown
that GRAIL can overcome many of the difficulties as-
sociated with traditional nursing vocabularies.
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