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Abstract 
This paper considers a number of issues in evaluating Knowledge Discovery systems from the users' point of view.  It is intended as a 
contribution to the discussion on how to ensure truly user-oriented evaluation of such systems.  As such it puts forward a number of 
problems and open questions to be discussed during the workshop.. 

1. Introduction 

This paper is intended to provide input to a discussion 
during the workshop on how to ensure trully user-oriented 
evaluation of KD systems.  For the purposes of discussion 
we first present a working definition of KD at a general 
level (Section 2). Section 3 considers the nature of user-
oriented evaluation and points out some of the shortcomings 
of more traditional metrics which have been applied to 
similar, but simpler systems for extracting information from 
data.  In Sections 4 and 5 we present some more concrete 
suggestions for better metrics and the beginnings of a 
checklist for modelling users of KD systems. We conclude 
with a number of open questions concerning the next steps 
which should be taken to achieve truly user-oriented 
evaluation of KD systems. 

2. Knowledge Discovery: a working definition 

In this paper we take the goal of Knowledge Discovery 
(KD) to be the uncovering of knowledge or rather 
information from data (in the form of patterns and 
relationships) which was not previously apparent or readily 
accessible because of the amount and complexity of data 
available to the user.  Thus KD systems are typically applied 
to very large amounts of data which may also be 
heterogenous (e.g. police intelligence gathered from 
different sources) and/or constantly updated (e.g. 
newswires, customer purchase records, the web).   

In order to reveal such knowledge, rather complex systems 
involving, for example, data mining and intelligent 
information extraction techniques have been developed.  In 
general, data mining techniques produce results which by 
their very nature are statistical and indicative rather than 
factual and which need to be interpreted by the user in order 
to be useful.  Thus a KD system is very much a supporting 
technology to aid the user in carrying out a higher level task 
based on the knowledge which is uncovered. 
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These properties of KD give rise to particular for problems 
specifically user-oriented evaluation. 

3. User oriented evaluation of KD systems 

Carrying out a user-oriented evaluation of a system involves 
evaluating how well  that system addresses the needs of the 
user.  In ISO terms (ISO/IEC, 2001), the question we need 
to address concerns how we can reliably evaluate the 
"Suitability" of a system or piece of software.  This should 
not be confused with evaluating the "Accuracy" of a system 
which will only tell us how well the system performs the 
tasks which it has been designed to carry out in the first 
place. Although accuracy may  sometimes be a good 
inicator of suitability, it is perfectly possible to have an well 
designed and implemented system which fulfills all its 
design specifications but which is nonetheless not suitable 
for a particular user or group of users. 

3.1 Shortcomings of traditional metrics 

Much previous work in evaluation (see e.g. EAGLES 
(1996), the MUC and TREC web sites) has focussed on 
developing metrics for system attributes which are also 
assumed to predict the utility of a system for a typical user 
or group of users.  In the field of KD evaluation we do not 
rule out the possibility of defining some such metrics. 
However,  the open-ended nature of KD systems calls this 
approach into question.  

In the fields of IE and IR evaluation for example, the 
standard metrics have traditionally  been precision and 
recall. These metrics rely crucially on the construction of 
gold standards, which specify in advance the correct result 
which a system should produce.  However by definition, the 
results obtained from KD should be new and unpredictable. 
So in principle, it should not be possible to pre-determine 
the results a system should produce and therefore such 
metrics seem to be difficult, if not impossible, to apply in 
the case of KD.  It may of course be possible to try and plant 



patterns or trends in the data which the system is supposed 
to discover, but artificially rigging the data calls into 
question the validity of the metric in terms of how well it 
reflects the real-life application of the system and  for those 
users whose data is also constantly updated, the reliability of 
such precision and recall metrics in predicting the utility of 
a system is even more doubtful. 

Another problem in defining metrics which will predict the 
suitability ofKD systems for users in general is the difficulty 
in defining a typical user of KD systems.  It seems that the 
goals of (potential) KD system users can only be defined at 
the highest level of abstraction in terms of the desire to gain 
new insights from data which they may not be able to 
achieve themselves.  The type of insights they are looking 
for and what they will do with the results produced by a KD 
system can be very varied indeed.  These may range from 
seeking commercial intelligence which might help a user to 
decide whether to invest in a particular business or market, 
through trying to identify unusual or illegal events and 
activities which a view to preventing terrorist attacks to 
scientific or medical research looking for previously 
unnoticed correlations between instances of diseases.   

Added to this, the level of experience and the expectations 
of users may also be very different.  Given the complexity 
and relative newness of the technology, this can be expected 
to have a significant effect on the suitability and utility of a 
system for a specific user. 

In the next section we present some preliminary ideas on the 
sorts of metrics which might be applied to evaluate the 
utility of a system for a particular user. 

4. Metrics for evaluating utility 
Since direct testing of system attributes cannot completely 
reliably predict the utility of a KD system for a particular 
user, then one approach would be to ask users themselves to 
rate the utility of the results which are produced.  This could 
be broken down into the following characteristics of results. 

• 	 Novelty (do the results tell me something I didn't 
know before?) 

• 	 Credibility (does this result accord with my own 
knowledge? do I believe it?) 

• 	 Relevance (does this result contribute to the task I 
am trying to carry out?) 

• 	 Understandability (can I understand the results 
presented?) 

• 	 Subsequent use of the result (was the information 
useful to me? did I go on to use it in a 
meaningful way?) 

Such "soft" metrics relying on the user's more or less 
subjective judgement of the utility of the results produced, 
should not be confused with those commonly applied by 
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developers of KD systems when, for example, measures of 
confidence and support are calculated for an association rule 
to determine the reliability that rule.  Even if a revealed 
pattern or trend is statistically very well supported by the 
data, if  the user doesn't find it credible, he may well ignore 
it and it is therefore not useful to him. 

As with all software evaluations the issue of usability is also 
an important one in determining utility.  The more user-
friendly a system is, the more likely users are to use and 
thus benefit from it.  Given the complex nature of KD 
systems and the fact that, for some systems at least, the user 
is required to expend a great deal of effort in preparing and 
cleaning his data, as well as iteratively refining parameters 
and re-processing the data until a useful or interesting result 
has been achieved,  questions of usability may be 
particularly important for these types of systems. As a 
starting point the following usability characteristics from the 
ISO quality model  

• 	 understandability 
• learnability 

• operability 

• 	 attractiveness 

could be expanded in relevant sub-characteristics to answer 
the question of how easy it is to understand and learn to use 
the system. 

In addition to the rather subjective characteristics listed 
above, it is also necessary to look at more objective 
measures of utility which address the effects of deploying 
the system.  The following metrics can apply to the overall 
organisation  rather than simply the end-user(s) of the 
system 

• 	 Efficiency (has the system affected efficiency?) 

• 	 Cost (what has been the financial costs? savings? ) 

• 	 Quality (how has the overall quality of work been 
affected?) 

However these metrics and others like them, have a major 
drawback in that they all presuppose a running system 
which has been deployed for some time.  KD systems tend 
to be both complex and expensive to deploy and need to be 
fine-tuned for a specific user's needs  before a reasonable 
evaluation of this type can be carried out.  It is not likely 
that a user could take an off-the-shelf system on a trial basis 
(as for example might be possible with an MT system) in 
order to find out how useful it might be to him before 
deciding whether to invest in a system.  This is not to say 
that evaluations of deployed systems are worthless because 
they can be used for providing feedback to system 
developers or for an organisation to monitor the results of 
deploying the system with a view perhaps to deploying it 
elsewhere.  Such an evaluation may even provide general 



insights to a potential new user of KD systems, if his 
requirements seem similar to those of the current user.   

But for the potential user trying to decide whether to invest 
in such a system from scratch an evaluation based solely on 
such metrics is not feasible.  In such a case, then, it is vital 
to understand as much as possible about the user's 
requirements which will affect the a system's suitability for 
him.  This leads us to the question of which types of user 
characteristics we need to understand in order to carry out a 
reliable evaluation. In the next section we propose an high-
level intial sketch of how one might begin to model a user 
of a KD system. 

5. Modelling the user 

Questions of utility and usability crucially depend not only 
on the task which the user has to carry out but also on his 
experience and expectations1. One can imagine a number of 
different characteristics of a user we may find it useful to 
model but at the highest level we need to know who the user 
is and want he wants to do with the KD system. 

In the following we present a first pass at a high-level 
checklist which will hopefully be discussed  and further 
fleshed out during the workshop: 

5.1 Who is the user? 
The term "user" can cover a multitude of different actors 
with different tasks and roles. 

• The user's role 
-	 medical researcher 
-	 meteorologist 
-	 intelligence analyst 
-	 research manager 
-	 marketing manager 
- ....... 

Above is a more or less random list of the types of roles, 
potential users may have.  The role which a user may have 
will affect the type of information they are seeking and the 
sorts of results which may be acceptable to them in terms of 
how much interpretation of results (and refining of the KD 
process) they are prepared to engage in. 

In a sense this is true of all software evaluations, if a 
potential buyer of an MT system is not a professional 
translator expects it to produce perfect translations of free 
texts which can be immediately published then he will be 
sorely disappointed. And indeed many users of MT systems 
have learnt to temper their expectations the hard way. With 
a highly complex and very expensive technology like KD 
systems the problem of matching expectations and 
experience with a new technology seems even more acute.. 
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• The user's experience and level of expertise 
The question of experience and expertise applies 
both to the subject domain of the data and to the use 
of similar (if considerably simpler) technology: 

a)	 Expertise in the subject domain 
-	 domain expert 
-	 newcomer to the field 
-	 expert in a related dicipline 
- ......... 

Such differences will affect  the user's ability to assess the 
results produced by the KD system (does this trend seem 
plausible? do these association rules accord with my 
knowledge of this domain? what can/should  I do with these 
results?) 

b) Experience with similar systems/tasks 
-	 sophisticated user of similar but "simpler" 

tools  (e.g. search engines, DB queries) 
-	 novice user of databases, search engines 

etc) 
- ........... 

The user's experience with similar technologies and 
techniques will affect both his acceptance of the system and 
his ability to use it optimally in carrying out his task. 

• 	 The user's expectations of the system 
The expectations which a user may have are very 
likely to be dependent on his  level of experience 
and expertise.  However, given the hype which 
surrounds any relatively new technology, it is 
worth finding out what a potential user expects of 
the system.  For example,  in talking to a variety of 
potential users of a KD system under development 
we have come across the following expectations, 
some of which are more or less realistic: 

– 	 the system will  monitor a set of data 
sources and alert me to particular trends or 
events 

– 	 the system will help me to improve on the 
results which I already get by traditional 
searching or information extraction  
techniques 

– 	 the system will produce results which I 
can use immediately without further 
interpretation. 

– 	 I expect to work further on interpreting 
the results 

Even if some user expectations seem unrealistic, it may be 
that the system in question is potentially useful if the user 
were to amend or lower their expectations.  

User expectations are clearly related to the question of what 
the user wants to do with the system.   

1 



5.2 What does the user want to do?  
This question refers in general to the task or goal which the 
user wants to accomplish with the help of the KD system.  

• 	 The task (describing the task or goal of a user may 
be rather complex since his overall goal may 
comprise a number of smaller sub-goals which the 
KD system is expected to support him in achieving) 

• 	 The data (in KD the nature and quality of the data 
which is available is a key factor in both how KD 
should be applied and the quality of results which 
can be achieved) 

In addition users of KD will typically not be working alone 
but rather as part of a larger organisation and therefore we 
also need to  consider the setup into which the system would 
be incorporated: 

• 	 User setup 
– 	 workflow 
– 	 hardware 
– 	 software 
– 	 the current divisions of labour 
– 	 ...... 

We will no doubt discover other characteristics of the user 
which should be modelled. 

6. What next? 
We have presented some suggestions for user-centred 
evaluation metrics and  a sketch of how to begin modelling 
users. Neither of these should be considered exhaustive and 
would need to be further refined in greater detail. 
Incomplete as they are, they do however give rise to a 
number of questions: 

• 	 Having said that users of KD systems can differ 
widely, will it be possible to generalise over user 
types at all?  Is it, for example, possible to predict 
users expectations from their previous experience 
and levels of expertise? 

• 	 A model of a user must clearly inform the evaluation 
of the system, but how far can the features in the 
model be directly translated into metrics which can 
be applied to the system?  How desirable would this 
be? 

• 	 When new technologies and techniques become 
available they are often associated with quite 
ambitious claims which affect the user's 
expectations of what it is possible to achieve.  By 
modelling the user and his expectations can we also 
contribute to a more realistic set of expectations? In 
other words should we also be educating the 
potential user as to the real potential of KD systems? 
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The importance of user modelling in evaluation is not by 
any means a new concept (see e.g. EAGLES 1996).. 
However often in the past it seems that only lip-service has 
been paid to this  aspect of evaluation.  
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