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Abstract 

Evaluation of terminological systems has been demonstrated to 
be a complicated task. This is due to the broad range of termi-
nological systems, their application, and the clinical contexts 
in which they can be applied. We propose an evaluation 
framework that explicitly distinguishes an application-
independent description of terminological systems, methods to 
determine application-dependent requirements, and methods to 
assess the applicability. In order to support a systematic appli-
cation-independent description of terminological systems, we 
present a categorization of characteristics, including explicit 
questions. The answers to these questions can be mapped to the 
requirements for a certain application of a terminological sys-
tem. This framework aims at reducing the efforts for determin-
ing which terminological system is applicable for a certain 
clinical setting.  
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Introduction 

After decades in which the number and complexity of termino-
logical systems have grown, the topics of standardization and 
understanding of these systems are getting increasing attention. 
This has resulted in various publications that address descrip-
tion and evaluation of terminological systems. Among these 
publications is [1], in which seven barriers to evaluation have 
been determined: 

1. Application dependence: quality of terminological sys-
tems is defined relative to its intended use; 

2. Empirical vs. independent assessment: subjective ex-
amination to measure characteristics of terminological 
systems instead of objective measures 

3. Dichotomous vs. continuous measures of characteris-
tics: presence or absence of features versus the extent of 
use of features; 

4. Poor definition of characteristics: different authors use 
the same name for different characteristics; 

5. Number of characteristics: evaluation is hardened by the 
large number of characteristics; 

6. Multiple levels of significance of characteristics: rele-
vance of characteristics varies and is user-dependent; 

7. Interdependence of characteristics: characteristics may 
influence each other. 

Among the publications that aim to overcome one or more of 
these barriers is [2], specifying 12 desiderata that were distilled 
(mainly) from literature from the nineties of the previous cen-
tury. The "Standards Specification for Quality Indicators for 
Controlled Health Vocabularies" [3] is a further step towards 
structured specification of terminological systems, which dis-
tinguishes between: general information, structure of the termi-
nology model, maintenance, and (methods for) evaluation. The 
Object Management Group (OMG) has used a functionality-
oriented approach in the Lexicon Query Service Specification 
(LQS) [4], which defines "methods for accessing the content of 
medical terminology systems". Earlier work at our department 
resulted in a “framework for understanding terminological sys-
tems”, which addresses the characteristics that distinguish vari-
ous types of terminological systems [5-7]. In 2003, the National 
Committee on Vital and Health Statistics Subcommittee on 
Standards and Security has made an inventory of about 40 ter-
minological systems to come to national terminology standards 
for Patient Medical Record Information [8]. This inventory was 
based on a questionnaire that contained between 40 and 100 
(depending on the level of detail considered) questions regard-
ing various aspects of terminological systems (and their devel-
opers). 

This overview shows that various efforts have been made to-
wards evaluation of terminological systems, overcoming at 
least some of the barriers. 

In this paper we propose a general framework with methods to 
evaluate terminological systems that pay attention to all seven 
barriers. We will first focus on the first three barriers; applica-
tion dependence, assessment and measures of characterization, 
which all involve the evaluation methods. Thereafter, we will 
elaborate on a categorization of characteristics, overcoming 
the fourth to seventh barrier, as these are all related to the char-
acteristics of terminological systems which have to be taken 
into account during an evaluation. Next, the categorization of 



characteristics is used to present an example of the application-
independent description of terminological systems. We demon-
strate how the literature discussed earlier relates to the various 
parts of the proposed framework, and we will address issues 
that require further research. 

Evaluation Methods 

Evaluation of the applicability of terminological systems for a 
specific clinical setting is a complex endeavor. This complexity 
originates from the lack of agreed upon yardsticks to represent 
the characteristics of terminological systems, and of a standard-
ized way to elicit requirements that the terminological system 
should satisfy. Although terminological systems are developed 
with a certain aim or intended use, it is common that their use is 
expanding to different usages, that were unforeseen during de-
velopment. This means however that for each application an 
assessment should be performed to determine the usefulness of 
a terminological system. This may lead to duplication of ef-
forts, as some similar questions need to be answered for differ-
ent applications. We therefore introduce a three-step approach 
to evaluate terminological systems, which is schematically 
shown in Figure 1. The individual steps of the method, which 
are directed toward overcoming the first three barriers men-
tioned, are discussed in more detail below. 

1. Application-independent description 

To reduce the duplication of efforts for evaluation as much as 
possible, we propose to determine application-independent 
descriptions of terminological systems. Elements of these de-
scriptions are the languages in which concepts are represented, 
or the formalism underlying concept representation. These ap-
plication-independent characteristics (which we will elaborate 
on in the section “categorization of characteristics”) can then be 
used for a first selection of applicable systems, just as the char-
acteristics of hardware devices (the processor speed of a com-
puter, the number of pixels in a digital camera) are used to 
make a (first) selection. Ideally, the application-independent 
descriptions should be made available through a publicly avail-
able repository. 

2. Methods for objective assessment of requirements 

The application of a terminological system is much more com-
plicated than e.g. using a digital camera. This makes it neces-
sary to develop methods to elicit testable requirements in a 
structural and objective way. These requirements elicitation 
methods can vary from simple questions (e.g. “in what lan-
guage(s) should concepts be represented in the terminological 
system?”) to an inventory of the content coverage. Content 
coverage can for example be determined by collecting a set of 
registered terms for a sufficiently large period (e.g. one month). 
This set can then be used as a reference set to be tested against 
various terminological systems. With this set, it needs to be 
determined what the required level of coverage should be. We 
can distinguish term coverage and concept coverage (which 
may differ if synonymous terms are missing). For both term and 
concept coverage we can distinguish the “incident” coverage, 
where frequently used terms are counted more than once, from 
the “unique” coverage. This approach has been used in [9, 10]. 

In order to address a broad range of requirements, we propose 
to distinguish three types of usage of a terminological system: 
registration, communication and analysis. 

Registration is characterized as the task where a terminological 
system is used for capturing relevant patient information, such 
as the reason for admission, or an operative procedure. It is 
important to assess whether a terminological system captures as 
much as possible all concepts and terms that are applicable. 
Either these concepts must be present in the system, or it must 
be possible to compose them using pre-existing concepts, so-
called post-coordination. 

Communication is regarded as the process of information ex-
change. Especially when terminology-based data is used in the 
care process, it is essential that the semantics of the data are 
well understood by all people involved. In addition, it may be 
desirable to present information at varying levels of detail, es-
pecially when information is exchanged between various spe-
cialties.  

Analysis of terminology-based data (e.g. for research or man-
agement purposes) requires the possibility of aggregation of 
data. It needs to be determined how concepts need to be aggre-
gated, e.g. whether there are predefined axes (chapters), or 
whether it should be possible for users to freely combine con-
cept-criteria. The latter case requires concepts to be explicitly 
characterized by properties and relations to other concepts. 

To prioritize, requirements can be weighted on for example a 5-
point scale or for example as is done in [8], distinguishing “es-
sential technical criteria”, “desired technical criteria”, and “de-
sired organizational and process criteria”. Evidently, it makes 
sense to first assess the “essential” criteria, especially those that 
are relatively easy to assess. This may reduce the number of 
characteristics that have to be assessed. 

3. Satisfaction of requirements  

When application-independent descriptions of the characteris-
tics of terminological systems are available, and an assessment 
of requirements is done, the third and final step is to match the 

1. Application-
independent 

description of 
terminological 

systems 

2. Objective 
assessment of  

requirements for 
terminological 

systems 

3. Level of satisfaction of requirements 
by terminological systems  

Figure 1: Three steps to evaluate applicability of terminologi-
cal systems for a specific clinical setting. 



requirements to the characteristics, in order to determine to 
what degree systems fulfill the requirements. This can be done 
by assigning scores to the level of fulfillment for each require-
ment.  

Categorization of Characteristics 

The above-mentioned methods provide an outline for the 
evaluation process. In order to describe terminological systems 
in a systematic and application-independent way (step 1 of the 
evaluation approach in Figure 1), it needs to be determined 
which characteristics are of importance, and how they can be 
clustered. This clustering is required as the total number of 
characteristics can become rather large (cf. barrier 5). Whereas 
there are other relevant issues such as organizational issues, 
license policies and costs, we will focus in this paper on intrin-
sic characteristics to describe a terminological system. We pro-
pose a clustering that makes the meaning of characteristics 
more explicit (cf. barrier 4) and that helps understanding their 
relevance (cf. barrier 6 and 7). 

Formalism, content and functions 

The first dimension that we propose for clustering the charac-
teristics is the distinction between formalism-, content-, and 
function-related characteristics. 

Formalism-related characteristics are those that relate to the 
formalisms underlying the representation of terminological 
knowledge. For example: does the system support polyhierar-
chy, regardless of the fact whether there are actually any con-
cepts in the system that have multiple parents.  

Content-related characteristics describe the actual content of (a 
specific version/release of) a system. Examples thereof are the 
number of concepts, the average number of terms per concept, 
the covered clinical domains. 

Function-related characteristics do not actually describe a ter-
minological system (i.e. a structured collection of concepts, 
terms and codes) but rather a terminology service (a software 
module that enables navigation, manipulation and/or modifica-
tion of a terminological system). Ideally, this service is sepa-
rated from a terminological system, so that various services can 
be used for the same system. However, we take this issue into 
account as many contemporary terminological systems provide 
some default service, and as the use of a terminological system 
in a computerized environment is commonplace. 

Types of terminological systems 

The next dimension for clustering the characteristics is along 
the line of the various types of terminological systems. The 
essential features of these types, which are described in [5, 6], 
make it possible to distinguish between a terminology (a list of 
terms), thesaurus (use of indexing and synonyms), classification 
(containing generic relationships), vocabulary (containing defi-
nitions), nomenclature (containing composition rules), and cod-
ing system (containing codes).  

Results 

The steps described above together form a framework that pays 
attention to all of the barriers that were presented in [1]. The 
barriers regarding the characteristics of terminological systems 
are overcome by a categorization of these characteristics. We 
present examples of this categorization in Table 1, where char-
acteristics are specified as questions, in order to make them as 
explicit as possible. Answers to these questions result in an 
application-independent description of terminological systems. 

To specify the requirements for a terminological system, the 
first step is to determine the foreseen usage of the system. For 
each type of usage, the users involved need to be determined, 
along with their requirements for the system. For each of these 
requirements, methods are required to get more detailed insight, 
and to make the requirements quantifiable.  

Satisfaction of requirements is determined by assigning scores 
to the level of fulfillment for each requirement. Combining 
scores and weights will lead to a ranking of terminological sys-
tems by appropriateness. 

Relation between literature and barriers 

We will now relate the literature presented in the introduction 
to the framework we have described here, although we do not 
claim that this bibliography provides a complete overview. 

The twelve desiderata specified in [2] focus on application-
independent characteristics. These mainly involve formalism-
related issues (concept orientation, concept permanence, non-
semantic identifiers, polyhierarchy, formal definitions, rejection 
of “Not Elsewhere Classified”, multiple granularities, multiple 
consistent views, representation of context). “Content” in itself 
is defined as the most important characteristic of terminological 
systems. “Recognition of redundancy” relates both to function-
ality and formalism for detection of equivalent concept defini-
tions. “Graceful evolution” is not within the scope of this paper 
since it involves a formalized organization for keeping track of 
changes between versions of terminological systems. 

The Quality Indicators from [3] cover the application-
independent characteristics as mentioned in [2] but add more 
detail to this, plus some additional characteristics, such as: 
clearly stated “purpose and scope” of terminological systems, 
and functionality for “normalization of content and semantics”. 
It is furthermore stated that composition of concepts must be 
possible, i.e. that a terminological system is a nomenclature. A 
notable addition is the specification of some application-
specific requirements, such as: persistence and extent of (pri-
mary) use, and the degree of automatic inference intended. 

LQS [4], although intended to be a specification for implemen-
tation, can be used as a structured reference both to determine 
implemented and required functionality. As such it can play an 
important role for the application-independent description and 
the application-specific requirements. It can relatively easy 
serve to determine satisfaction of requirements. 

The National Committee on Vital and Health Statistics 
(NCVHS) Questionnaire [8] is the first effort known to the au-



thors that delivers a structured, application-independent de-
scription of a variety of terminological systems. If the results 
become available electronically it will provide a valuable 
source of information. 

Discussion 

The framework that we have presented here is a next step to-
wards further improved evaluation of terminological systems, 
but more research and effort are required to prove its practical 
utility. In practice, there may be subjective measures, for which 
different users may give different outcomes. Likewise, it may 
be hard to agree on assignment of weights to requirements. 

The usefulness of the framework will depend in part on the 
number of people applying it. If application-independent de-
scriptions are shared, and detailed methods are made available, 
the evaluation will become less complex.  

This framework may also help for terminological system devel-
opers to determine in what way their system can be improved to 
serve more or broader needs. 

We will discuss the presented results by giving additional ex-

amples on the methods and categorization. 

Evaluation Methods 

Application-independent description 

Table 1 gives examples of how an application-independent 
description of terminological systems can be made. It does refer 
to the (technical) properties of the systems, and does not de-
scribe organizational issues such as the development of a sys-
tem, the costs or the licensing model. A good overview of rele-
vant questions for an application-independent description can 
be found in [8].  

 

Methods for objective assessment of requirements 

The assessment of requirements for a specific application is a 
regular software engineering process. As the types of usage of 
terminological systems can vary largely, we did not go into 
detail, but we specify three global types of usage: registration, 
communication, and analysis. The importance of requirements 
can be expressed by means of a weight. Note that putting 
weights on requirements is a rather subjective process. 

Table 1: a two-axial categorization of questions to obtain application-independent characteristics of terminological systems. 
 

 Terminology Thesaurus Classification Vocabulary Nomenclature Coding System  

F
or

m
al

is
m

 

Are “concepts” 
and “terms” ex-
plicitly distin-
guished? 

 

Are synonyms al-
lowed, i.e. can mul-
tiple terms have the 
same meanings? 

How is synonymy 
represented? 

Can multiple lan-
guages be repre-
sented? 

Are synonyms for 
fragments allowed? 
(e.g. cardiac ~ heart) 

 

 

Can hierarchical 
relationships be-
tween concepts be 
defined? 
If yes, Which? 

Part-of? 
Is-a? 

Is multiple classifi-
cation possible? 

Can classification 
be inferred based on 
a concept’s defini-
tion? 

Is the meaning of 
concepts repre-
sented in free text? 

Is the meaning of 
concepts repre-
sented formally? 

If yes: how? e.g. 
frames, Description 
Logic (DL) 

If DL: which DL? 

 

Is composition of 
concepts possible? 

How is this repre-
sented? 

Can equivalent 
definitions be de-
tected automati-
cally? 

Can compositions 
change the meaning 
of a concept, or do 
they only specify 
concepts in more 
detail? 

Are codes assigned 
to concepts? 

Is there a meaning 
to these codes (e.g. 
mnemonic)? 

Do the codes limit 
the taxonomic 
placement of con-
cepts? 

C
on

te
nt

 

How many total 
terms are in the 
terminology? 

In which way(s) are 
the terms indexed? 

In what languages 
are terms described? 

Can properties be 
inherited to subor-
dinate concepts. 

What is the distribu-
tion of the number 
of parents per con-
cept? 

Are all concepts 
defined/described, 
or only “core con-
cepts”, e.g. diseases, 
but not anatomy 

How many concepts 
can be combined or 
further specified? 

Are all concepts 
coded? 

Are the codes pro-
prietary or cross-
mapped to another 
system? 

T
erm

inological System
 

F
un

ct
io

na
lit

y 

How can terms be 
searched? E.g. full 
match, case insen-
sitive, use of regu-
lar expressions? 

Can terms be trans-
lated for one lan-
guage to another? 

 

Can all descendants 
of a concept be 
retrieved at once? 

Can properties of a 
concept be re-
trieved?  

How is a user sup-
ported in under-
standing the mean-
ing of a concept? 

How is a user sup-
ported in construct-
ing composite con-
cepts? 

Can codes be 
cross-mapped to 
codes in another 
coding system? 

T
erm

inology Service 

 



Satisfaction of requirements  

Relating the requirements to the descriptions of the termino-
logical systems is not straightforward. The requirements have 
mainly been related to the use of the system, and the functional-
ity and content that are required for making the intended use 
possible. However, the descriptions can be very detailed and 
technical. This makes it difficult to match the requirements to 
the descriptions. Moreover, for evaluation of items such as con-
tent coverage, the terminological system itself is needed to per-
form the various counts; hence just a description of the system 
is not sufficient. 

Categorization of Characteristics 

Combining the two dimensions “Formalism, content and func-
tionality” and “Types of terminological systems” results in a 
matrix of characteristics as presented in Table 1. In this matrix 
we have specified questions as examples of the characteristics 
of terminological systems. These questions are examples of 
how to specify the application-independent description of ter-
minological systems, the first step in the evaluation process. As 
the complete set of questions is currently under development, 
and due to length-restrictions, we do not present it here. 

The content-related questions make clear whether a system 
actually contains specific knowledge (e.g. concepts, terms, 
synonyms), whereas the formalism-related questions provide 
insight whether a system can potentially capture and represent 
certain types of knowledge. This distinction helps to explain the 
strengths and weaknesses of systems, and the possibility to 
overcome the weaknesses. Generally, shortcomings in the con-
tent as it is can relatively easily be solved, whereas shortcom-
ings in the formalism are more severe. Likewise, if a terminol-
ogy server lacks functionality, this can only be implemented if 
the formalism underlying the terminological system provides 
support for such functionality. E.g. to provide word normaliza-
tion, the formalism must allow to represent normal forms and 
inflections of terms. 

Conclusion 

Although work needs to be done to further specify the frame-
work we have described in this paper, it provides insight in the 
way to characterize terminological systems, and to assess the 
requirements. In this way the framework gives insight in the 
completeness of assessed criteria. By making characteristics 
explicit and as much as possible objectively measurable, the 
barriers to evaluation of terminological systems can be over-
come. The first three barriers mentioned by Hales [1] have been 
overcome by using the three-step approach as presented in Fig-
ure 1. By using a structured categorization of characteristics 
(table 1) in the first step of this approach we paid attention to 
the remaining barriers. As making an application-independent 
description is a one-time effort for each (version of a) termino-
logical system, and requirements specification is a one-time 
effort for each application, this framework may lead to reduc-
tion of the effort to be put in evaluation, if researchers share the 
results. 
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