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Abstract

The importance of terminological systems (TS) to support stan-
dardized and structured documentation of medical data is com-
monly recognized. The usability of TS in real practice strongly
depends on the completeness and the correctness of the content
of the TS. We here present four different methods that can be ap-
plied to evaluate a TS’ content. All four methods were applied in
a case study. We make a comparison of 1) the results of two
methods that focus on the completeness of the content and that
differ in the application of the TS that they focus on and 2) the
results of an automated and a manual evaluation of the correct-
ness of the content. Finally we summarize the results of all four
methods and analyze whether they overlap or complement each
other.
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Introduction

Several developments in health care have led to an increase in
the need for accurate, detailed and structured registration of
medical data. Many terminological systems (TS) have been and
are still being developed to support this. We define a terminolog-
ical system as a list of terms that refer to concepts that belong to
a specific domain [1]. Some examples of these are the Interna-
tional Classification of Diseases (ICD), the Systemized Nomen-
clature of Medicine (SNOMED), and the Unified Medical
Language System (UMLS) [2]. By the direction of the Dutch
National Intensive Care Evaluation foundation our department is
engaged in a continuous effort to develop a terminological sys-
tem and corresponding software for the domain of intensive care
(IC), DICE (Diagnoses for Intensive Care Evaluation) [3].

Reasons to evaluate terminological systems might be to provide
feedback to software project developers or to justify decisions on
adoption, continuation, or termination of an installed system.

Several authors have specified required characteristics of termi-
nological systems which could be evaluated [4]. In this study we
will focus on the content of a TS, i.e. the completeness and cor-
rectness of concepts, terms and relations between concepts. Phy-
sicians need to be able to be complete and sufficiently accurate
in depicting the care process, and the clinical researcher needs to
be able to be complete in selecting specific patient groups at each
desired level of aggregation. Thus, all concepts, terms and rela-
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tions belonging to the domain of the TS should be represented
and the knowledge about the concepts should be correct, i.e. it
needs to be compliant with the real world. For example, we do
not only want sufficient terms attached to a concept, but we also
want the terms to be only the right ones.

The question of how to assess the quality of a TS’ content re-
mains. Several authors have applied numerous different meth-
ods, each of which focus on either the completenss or the
correctness of the TS’ content. We present four methods derived
from a literature review, of which two focus on (but not restrict
to) the completeness and two focus on (but not restrict to) the
correctness of the TS’ content. These four methods have been
applied in a case study to evaluate the content of the TS DICE.

The aim of this study was to analyse the extent to which the re-
sults of the four methods overlap or complement edch other and
the extent to which each of the methods restricts itself to the
evaluation of either the completeness or the correctness of the
content.Derived from this aim we analysed to what extent the
two methods for evaluation of completeness of TS’ content, each
based on a different purpose of the TS, produce different results
and would lead to different conclusions.

For the evaluation of the correctness of TS’ content, the use of
automated evaluation techniques, e.g. based on the semantics of
the TS, is increasing. Considering these developments we com-
pared the results produced by an evaluation method based on
manual review to those produced by an evaluation method that
automatically detects inconsistencies.

Methods for evaluation of terminological systems

As mentioned in the introduction of this article we focus in this
study on the evaluation of the content of a TS, i.e. the concepts,
the terms that describe the concepts and the (hierarchical and
non-hierarchical) relations between concepts. To gain insight
into methods for evaluation of TS’ content that have been ap-
plied by others we performed a review of relevant journal arti-
cles. An article was considered relevant if it described the
evaluation of the content of a terminology system which was de-
veloped for a medical domain. In the literature review we made
a distinction between methods to evaluate completeness and
methods to evaluate correctness of a TS’ content.



Evaluation of completeness of TS content

The completeness of a TS’ content is often evaluated through
‘concept matching’. This implies that a representative subset of
concepts extracted from the domain of the TS is matched to con-
cepts in the TS [5,6]. The extent to which concepts in the subset
can be matched to concepts in the TS is mostly presented as a
‘concept-match score’. For example Chute et al. [5] have applied
a scoring scale from 0 to 2, where 0 = no match, 1 = fair match,
2 = complete match. To be representative, the source of the sub-
set of concepts should reflect the intended use of the TS. For ex-
ample if a TS will be used by nurses for documentation of
nursing information, than the subset of concepts could be well
extracted from existing nursing documentation in medical
records [6].

Besides the concept matching method some other methods have
been applied to the evaluation of completeness of TS’ content.
In a study of Bodenreider et al. [7] the system being evaluated
had already been in use for some time. The measure of complete-
ness of concepts in the system was based on the number of con-
cepts that had to be added to the system by the users due to
underrepresentation in the TS.

Evaluation of the correctness of a TS content

Evaluation of the correctness of a TS’ content is often based on
its semantics. Many terminologies nowadays consist of more
than just a simple list of terms; hierarchical and non-hierarchical
relations exist between the concepts, and concepts are described
by one or more terms. The relations between concepts form (a
part of) the definitions of the concepts and thereby also the se-
mantics of the TS. Analyzing the semantics may reveal inconsis-
tent, ambiguous or redundant concepts. For example Cimino [8]
used the semantics of the UMLS to detect ambiguities, redun-
dancy and inconsistent ‘parent-child’ relationships. Evaluation
based on semantics has the potential to be automated or semi-au-
tomated. For example a computer algorithm could detect con-
cepts that share the exact same definitions or for concepts that
were assigned to a number of semantic types, of which two are
mutually exclusive. An example of the latter is that an organism
can not be both a bacterium and a virus.

Case-study

Background

DICE is an implementation of the ontology described in [3]. It
comprises diagnoses, which form the reasons for admission to
IC, and some of their characteristics, such as the anatomical lo-
calization, the dysfunction and the etiology. We identify two
types of reasons for admission: medical diagnoses, e.g. pneumo-
nia; and surgical procedures, e.g. CABG. DICE can be incorpo-
rated in Patient Data Management Systems to facilitate
communication between doctors, and it can be used for patient
selection and aggregation of patient groups for medical research.
Two intensivists and two medical informaticians started five
years ago with a rather simple hierarchical list of reasons for ICU
admission achieved from the ICNARC Coding Method [9]. Due
to the complexity of concepts in the domain, the need for a sep-
aration of concepts and terms and the need for a structure to en-
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able aggregation of diagnostic homogeneous patient groups we
felt the need to converge to a frame-based structure in which
concepts and their characteristics could be specified more for-
mally. In the development proces of DICE we are currently at
the stage where we need to evaluate to what extent the current
content of DICE meets the requirements, in terms of complete-
ness and correctness, for the intended use of the system.

Methods

For each approach, the evaluation of the completeness and the
evaluation of the correctness of the DICE content, we applied
two methods.

Evaluation of the completeness of the content

The methods for the evaluation of the completeness of the DICE
content are both based on the idea of ‘concept matching’. They
differ in the way the subsets of concepts that will be matched to
the TS are retrieved. The different retrieval methods reflect the
two distinct purposes of the system, i.e. the documentation of pa-
tients’ reason(s) for admission (1A) and the aggregation of pa-
tient groups for clinical research (1B).

Evaluation for documentation of reasons for admission

DICE was implemented at the intensive care department of the
Academic Medical Center in Amsterdam. Attending intensive
care physicians used the system in real practice to code patients’
diagnosis. The implemented version of DICE offered the pysi-
cians three ways to find the appropriate diagnosis; (a) in a small
list containing the most frequently occurring diagnoses, (b)
based on (a part of) its term, or (c) based on (a part of) its defini-
tion, e.g. the anatomical localization. The physicians assigned a
‘concept match’ score to each coded diagnosis. Coded diagnoses
could (1) match exactly, (2) be related to the actual diagnosis, (3)
be too narrow in meaning, (4) be too general in meaning, (5)
have the wrong term, or (6) a concept could not be coded at all.
In case of score 2 to 6 the user entered the actual diagnosis in free
text. This enabled the checking of the correct assignment of the
score by one of the authors (DA) in consensus with another au-
thor and IC physician (EdJ).

Evaluation for aggregation of patient groups

During six months we collected all diagnoses that formed (a part
of) the in- and exclusion criteria of clinical studies described in
two important intensive care journals (Intensive Care Medicine
and Critical Care Medicine). The ‘concept match’ scores for all
diagnoses were assigned, by means of consensus, by two of the
authors (DA and EdJ). The scores used here were similar to the
six scores used in method 1A.

Evaluation of the correctness of the content

The difference between the two methods that evaluate the cor-
rectness of the DICE content is that one was performed automat-
ically and the other manually, by domain experts. For these two
methods we randomly extracted a 5% (n=80) sample of the basic
concepts in DICE.

Automatic evaluation

The DICE content was translated from a frame-based into a De-
scription Logics (DL) based representation. [10]. We used an au-



tomatic reasoning tool (RACER) to reason with the DICE
content represented in DL. This reasoning process revealed con-
cepts that had inconsistent definitions, which indicated the pres-
ence of incorrect (hierarchical or non-hierarchical) relations.
For example, if the ‘parent concept’ infectious polyneuropathy
(see figure 1) was defined to be caused by a virus and the “child
concept’ leprosy polyneuropathy was defined to be caused by
the Mycobacterium leprae, while it was known that mycobacte-
rium leprae is not a virus, than the ‘child concept’ would be iden-
tified as inconsistent. The inconsistency here could have been
caused by the fact that the etiology of the ‘parent concept’ should
include bacterium in stead of virus alone, or by the fact that lep-
rosy polyneuropathy should not have been classified as a ‘child
concept’ of infectious polyneuropathy.

Polyneuropathy
Toxic polyneuropathy
Infectious polyneuropathy

Leprosy polyneuropathy
Figure 1 - Example hierarchy of polyneuropathy

Manual evaluation

For each concept (n=80) we printed its terms and (hierarchical
and non-hierarchical) relations on paper, each concept on a sep-
arate page. Six domain experts, all experienced intensive care
physicians, manually reviewed the terms and relations belonging
to the concepts and wrote their comments on the paper forms.
One of the authors (DA) collected and analyzed all the com-
ments.

Results

Evaluation of the completeness of the content

During the field study 10 IC physicians registered a total of 164
diagnoses. Some diagnoses were registered more than once. The
number of unique diagnoses was 107. For the research queries
method we selected 91 unique diagnoses. The overlap in the di-
agnoses selected by both methods consisted of 7 diagnoses. The
distribution of the scores for each method is displayed in table 1.

Table 1: Distribution of ‘concept match’ scores for method 14

and for method 1B
Score Documentation (1A) | Research (1B)

N =107) N =91)

1. Perfect match 59 (55%) 36 (40%)

2. Related 3 (3%) 2 (2%)

3. Too specific 15 (14%) 7 (8%)

4. Too general 2 (2%) 33 (36%)

S. Wrong term 9 (8%) 2 (2%)

6. No match 19 (18%) 11 (12%)

Score 2 to 4 indicated that the physician did select a diagnosis
from DICE, but the selected diagnosis did not completely reflect
the actual diagnosis. Score 2, which means that the registered di-
agnosis was merely related to the actual diagnosis was rarely as-
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signed in both cases. The assignment of scores 3 and 4 differed
in both evaluations. During evaluation for the documentation of
reasons for admissions (1A) it appeared more frequently that the
selected diagnoses was too specific in meaning (score 3), com-
pared to the evaluation for aggregation of patient groups (1B). In
contrast, during evaluation 1B it appeared more frequently that
the selected diagnosis was too general in meaning (score 4). The
structure of DICE enables the forming of new diagnoses by
specifying their non-hierarchical relations (post-coordination).
In case a diagnosis was assigned a score 4 (‘too general’), this in-
dicated that one or more non-hierarchical relations, that were
necessary to enable the post-coordination of that specific diag-
nosis, were missing.

Note that score 5 indicates that the term used for a concept is not
the preferred one according to the physician (1A) or is not the
one that was used by the authors of an article (1B). It should be
noted that in case of score 5 DICE did contain a matching diag-
nostic concept. In a few cases physicians appeared not to be able
to find a diagnosis based on its characteristics (search method c)
and gave score 6, while actually it was present in DICE. This in-
dicated that the characteristics that the physician attached to a di-
agnosis were not consistent with those in DICE. In all these
cases it appeared that non-hierarchical relations were missing in
DICE.

In one case the assigned score was incorrect, i.e. ‘no match’ had
to be ‘too general’. The correct score, ‘too general’, was used in
the analysis of the results.

Evaluation of the correctness of the content

Automatic reasoning with the DICE content represented in DL
revealed 28 concepts with inconsistent definitions. Ten of these
inconsistencies were due to erroneous assumptions made during
the translation from the frame-based to the DL based representa-
tion. The remaining 18 inconsistent concepts were caused by 10
missing relations, 10 incorrect relations and 12 relations that
were considered defining in stead of qualifying relations.

The six domain experts found a total of 614 unique errors: 397
missing relations, 123 incorrect relations, 70 relations that were
considered defining in stead of qualifying relations, 20 incorrect
terms and 2 diagnoses that should be deleted from the TS con-
tent.

Of the 32 errors found with the automatic evaluation 24 were
also found by the manual evaluation. Reversibly, of the 614 er-
rors identified by the manual evaluation, 24 were also found by
the automatic evaluation.

Table 2 displays the extent to which different types of errors and
omissions were uncovered by each of the four methods applied
in this study. A “+’ here means that a method revealed a relative
large numbers of this type of error or omission. Similarly a ‘- or
‘+/-* indicate that no (-) or a relatively small number (+/-) of
these errors or omissions was revealed.

Discussion

This study provides a comparison of different methodologies
that can be applied to evaluate the completeness or the correct-
ness of a TS’ content. The first two ‘concept matching’ methods



differed only in the way the subsets of concepts to be matched
were retrieved. The number of diagnoses that appeared in the
subset of both methods was relatively small. Differences in the
results of the two ‘concept matching’” methods especially con-
cerned the percentage of perfect matches and the percentage of
concepts that were found to be too general in meaning. Hales et
al. [11] have asserted that the fact that the quality of a TS is de-
fined relative to its intended use is a major barrier to the evalua-
tion of TS. The results of this study endorse the assertions of
Hales et al.; the quality of the content of DICE did appear to be
relative to the purpose of the system and it appeared that we can-
not rely on a single measure.

Table 2 - Extent to which each method evaluated the aspects that
determine the quality of a TS content

Types of errors and omissions | 1A | 1B | 2A | 2B
Concepts + + - +/-
Terms +/- | +/- - +/-
Incomplete | Non-hierarchical | + +
rel.
Hierarchical rel. - - + +/-
Terms +- | H- - +
Incorrect Non-hierarchical ) ) + .
rel.
Hierarchical rel. - - + +

The scores assigned by the physicians for method 1A were
checked by the same two people that, in deliberation, assigned
the scores for method 1B. This makes the assigned scores com-
parable between the two methods. Only one score was found to
be incorrect. This indicates that the method, ‘concept match’
scoring by physicians, produces reliable results. However, an ac-
tual reliability study with, for example kappa scores, was not
performed here. In future studies the reliability of concept match
scores should be evaluated.

When interpreting the results of the ‘concept matching’ evalua-
tion as applied here one needs to keep in mind that it concerns
only a sample of concepts. In view of the methods for retrieval
of the samples there is a chance that the sample does not contain
concepts that only seldom appear in reality. This is an important
weakness if one wants to evaluate the completeness of the con-
tent.

There appeared to be large differences between the number of
errors or omissions found by the automatic evaluation and those
found by the manual evaluation. The physicians identified more
errors and omissions than the reasoning based on DL did. The
difference probably results from the fact that the automatic eval-
uation only revealed logically incorrect definitions, whereas the
physicians also identified the logically correct, but clinically in-
correct definitions. For example, if the definition of encephalop-
athy stated that it always involves a state of coma, than the
automatic evaluation would find this acceptable. The physician
however would not agree with this definition. In stead he would
rather say that a patient suffering encephalopathy could be in a
state of coma.
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The automatic evaluation that we performed has some other
drawbacks. The migration to DL required a number of assump-
tions that had to be taken, which in our case made some concepts
appear inconsistent, whereas they actually weren’t. Another
shortcoming of our automatic evaluation was that we were only
able to identify concepts with inconsistent definitions. The pin-
pointing of the actual cause of the inconsistency had to be done
manually. We are currently working on a way to automate this
identification process.

Bodenreider et al. [12] applied another promising approach to
the automatic detection of inconsistencies. They based their as-
sessment of consistency on the lexical knowledge contained in a
terminological system. We will consider this approach in our fu-
ture research.

The major drawback of the manual evaluation was that it is a
very time consuming method, both for the domain experts as for
the person that analyses the comments generated by the physi-
cians. Automatic detection of inconsistent concepts, as applied
here, or as applied by Bodenreider et al. [12], does have the po-
tential to support and focus the effort of domain experts in the re-
viewing process. However, this still requires that the automatic
evaluation method, as applied in our case study, is further ex-
plored.

There is a chance that the large number of errors and omission
identified by the physicians was due to the fact that the develop-
ers of DICE did not structurally consult an editorial board, con-
sisting of domain experts, when building the TS. It might be that
the manual method would reveal less results if all concepts and
their definitions had been approved by such an editorial board
before they were added to the TS’ content. This should be con-
sidered when generalizing the conclusions of this study.

A difficulty in evaluating TSs’ content is the lacking of a gold
standard. This makes it impossible to calculate common out-
come measures such as sensitivity and specificity for specific
evaluation techniques. Consequently we were restricted to a
comparison of the frequencies of incomplete or incorrect knowl-
edge identified by each of the three evaluation methods.

If we look at the types of results produced by all four methods it
appears that three of the four methods are actually not limited to
either the completeness of concepts and terms, or the complete-
ness and correctness of the definitions. The ‘concept matching’
methods, that were originally designed to evaluate the complete-
ness of concepts and terms in the TS also revealed some missing
non-hierarchical relations. The manual evaluation method was
originally designed to evaluate the completeness and correctness
of the definitions, but also revealed some missing concepts and
terms. However, none of the four methods could be used to eval-
uate all aspects that determine the quality of TS’ content.

Conclusion

It appeared that none of the methods used in this study would
suffice to evaluate all aspects that determine the quality of a TS’
content. In order to get a good overview of the quality of a TS’
content, it is preferable to use a combination of different evalua-
tion methods. The ‘concept matching” method seems to be most
useful to determine the completeness of the concepts and terms



in the TS. However, he intended purpose of the TS should deter-
mine the source of the sample. Different sources can lead to dif-
ferent results regarding the quality of the TS’ content. Manual
evaluation appears to be very worthy, but also very time con-
suming. Automatic evaluation has the potential to focus human
reviewers and decrease their workload. Further research is re-
quired to exploit these potentials of automatic evaluation.
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