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OTI + - + = + +    
OUD + - + = +   +  
SIM + - = = + +    
SUI + - = = +  +   
WEP - + + + + +  +  

 
Table 7: Evaluation results for the Purchasing facet: search and interaction web 

metrics 
 

Having in mind the metric categorisation into facets presented in tables 1-4 and the 
structure of the taxonomy (figure 2), we combined the two in one table which maps 
the metrics into the leafs of 2nd level of the taxonomy and to Facets. The mapping is a 
one-to-one relation meaning that a metric belongs only to one leaf of the taxonomy 
tree of figure 2. Some metrics have an ambiguous nature that is, it is difficult to 
decide the taxonomy leaf they belong to. For the shake of uniformity and simplicity, 
we preferred to keep the one-to-one relationship by assigning these metrics to the 
closest match possible. The result, table 8, is another useful categorisation for 
selecting the most appropriate metrics for targeted evaluation. 
 
 
 
 
 

   Metrics 
Taxonomy 

▼  
Facet
► 

Presentation Navigation Purchasing 

1st 
level 

2nd level     

St
ru

ct
ur

e 

W
eb

 si
te

 

 

NOC, TNO BLC, BRL, 
COD, CON, 
CYC, DBL, 
EBL, IBL, 
QAP 

HOP 

W
eb

 
pa

ge
 

  

 GLC, LIC, 
PLC,TLC 

AVA 

C
on

te
nt

 

M
ul

tim
ed

ia
 

  

AUF, DIC, GRA, 
GRC, IAT, IMR, 
IPP, LAC, LVC, 
MEC, RES, 
TDO, TMA, 
TNC, TPC 

LII NWC 

T
ex

t  

ALT, BOT, WOC  COH, INR, 
LAV 

Draft



 19 

hy
pe

rt
ex

t 

 

 NUC, OPR, 
PAC 

CUR, POP, 
WEP 

Vi
su

al
is

at
i

on
 

  AVF, BOC, 
COC, EBT, 
FOC, MAF, 
MIF, TCC, TEP 

HOS, NFV, 
TOV, VES 

ALI,DNM 

Pr
oc

es
se

s 

   UPT AUT, NST, 
PRE, REL, 
RST,SPS, 
WPQ, FAQ, 
IND, OTI, 
OUD, 
SIM,SUI 

Table 8: Mapping of metrics to the taxonomy of fig. 2 and to the three Facets 

6.3 Association Rules 

In order to find more relations between the metrics and the meta-metrics and/or 
quality characteristics, we used a data mining tool for discovering association rules 
that are not so obvious to find. In our analysis we used Weka [78] to analyse the 
metrics per facet and then the whole set. We modified the data in order for them to be 
compatible with the tool: for the meta-metrics ‘+’ were replaced by ‘1’, ‘-’ by ‘-1’ and 
‘=’ by 0. For the quality characteristics we used Boolean values: yes if there exists a 
relation between a metric and a quality characteristic and no otherwise. There were a 
lot of rules produced by the tool. In the following, we include only those who are 
useful and have a large confidence factor (they are valid for the majority (>70%) of 
metrics in the facet). The rules are applied to the specific e-commerce related metrics 
presented in this paper and are not necessary applicable to general purpose web 
metrics. 

 In the presentation Facet, two rules were discovered: 
• Association Rule 1 (confidence factor: 100%): 

MS=-1 → AU=1 
MI=1 → AU=1 
AC=1 → AU=1 

A rule that is somewhat self-evident: if a metric is accurate or has absolute/interval 
values or is always measured in the same way, then it is also easily automated. Most 
metrics in this facet are easily understandable so a connection between SI and AU is 
self-evident also.  

• Association Rule 2 (confidence factor: 70%): 
U = yes → R = no 
R = no → U = yes 
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A metric mapped to U or R is not mapped to the other. This means that the majority 
of metrics for this facet cannot be used to evaluate both Usability and Reliability 
characteristics. 

In the Navigation facet one new rule was discovered and one was re-evaluated: 
• Association Rule 3 (confidence factor: 80%): 

R = no → U = yes 
U = yes → R = no 

This actually affirms Assoc. Rule 2 for the Navigation facet. 
• Association Rule 4 (confidence factor: 88%): 

       E = no and R = no → U = yes 
Metrics that are not mapped to E and R are mapped to U. This means that there are no 
metrics for measuring these three characteristics at the same time. 

In the Purchasing Facet one rule was discovered: 
• Association Rule 5 (confidence factor: 93%): 

E=no → R=no 
Metrics not mapped to E are not mapped to R either. This means that in the 
Purchasing facet there are no metrics that can be used to measure both Efficiency and 
Reliability. We also found out that Association Rule 4 is not that strong for this facet 
(it has confidence factor of 30%).  

Finally, by putting all the metrics in one set we managed to extract some rules 
with a global effect:  

• Association Rule 6 (confidence factor: 97%): 
U=yes → R=no 

Metrics mapped to U are not mapped to R. This means that most of the metrics that 
measure Usability do not measure Reliability as well.  

• Association Rule 7 (confidence factor: 96%): 
R=yes → U=no 

Metrics mapped to R are not mapped to U. This means that most of the metrics that 
measure Reliability don not measure Usability as well.  

• Association Rule 8 (confidence factor: 95%): 
U=yes → E=no 

Metrics mapped to U are not mapped to E. This means that most of the metrics that 
measure Usability don not measure Efficiency as well.  

• Association Rule 9 (confidence factor: 100%): 
F=no and E=no and R=no → U=yes 

Metrics not measuring F, E and R are mapped to U. So there is no metrics that can 
measure all four quality characteristics.  
 
7 An ontology of e-commerce metrics 

The tables of section 6.2 can be used by a human peer or an automatic mechanism to 
answer simple questions involving few parameters. When encoded in a decision 
support mechanism the relations and data of these tables are hard to change, extended 
or shared. Most importantly, although data exist, it is not easy to answer more 
complex questions such as: “which metrics are appropriate for evaluating the 
efficiency and reliability of the purchasing process of an e-commerce site and are 
measurement independent?” or “which metrics can be used by an automatic procedure 
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to evaluate the multimedia used in the navigation mechanism of an e-commerce site 
in terms of usability and effectiveness?”. A different representation of the framework 
and the data involved is required, a representation that enables the reuse of domain 
knowledge and separates this knowledge from the operational knowledge (the 
decision support mechanisms). Such a representation is ontologically-principled. By 
making use of the framework and the taxonomy, the classes, the sub-classes and the 
relationships of an e-commerce metrics ontology were build (figure 4).  

Classes and sub-classes are marked with a ‘C’. The actual metrics are subclasses 
of the leaves (2nd level) of the taxonomy. Class or sub-class attributes include among 
others name, value, description, reference (citation) and special factors described in 
detail later. Sub-classes inherit all the attributes of a class. Besides the “isSubClass” 
relation there are three other relations that bind the framework together: “is 
MeasuredBy” which is a many-to-many relation between a metric and the five meta-
metrics of the framework, “isMappedto” which is also a many-to-many relation 
between a metric and the quality sub-characteristics of ISO9126 and “isUsedin” 
which is a one-to-one-relation between a metric and a facet.   

By filling-in the values of the metrics described by the tables of section 6.2, the 
ontology becomes a knowledge base. This ontology can be used by tools or humans 
(with the appropriate reasoning mechanisms) in order to suggest good combinations 
of metrics for targeted evaluation of e-commerce applications.  

 

 
Figure 4: The e-commerce metrics ontology 

 
The framework and subsequently the ontology reason on how, where and which 

metrics should be used in different evaluation scenarios. We argued before that the 
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framework does not provide a firm ranking of metrics (which are the best metrics?) A 
ranking of this type would be subjective; different users (i.e. quality experts) would 
probably choose different metrics. Meta-metrics score, facet and quality 
characteristics mapping tell only one side of the story. Since a consensus on the 
significance (how good is a metric as an evaluation mean) of metrics presented is 
subjective (i.e. user dependent) we have foreseen the inclusion of a significance factor 
(SF) in the ontology. This factor denotes how important is a metric and is set by the 
user, taking values ranging from [0,1]. The factor is set by default to 1 for all metrics 
in the ontology (i.e. all metrics are equally important). This makes the ontology 
flexible by attacking the problem of subjectivity in the evaluation of the significance 
of metrics. One could also assign significance weights to facets or meta-metrics and 
derive a more parameterised version. Thus, different users may operate on different 
instances of the ontology, by increasing or decreasing the significance of  metrics (or 
other classes /sub-classes) depending on their perception of quality. Using a 
customised decision mechanism, users are able to operate on their own version, at 
least until new research shades light on this subject.     

Another important feature of the ontology is the possibility of defining meta 
metrics, metrics that combines two or more metrics in order to give a more compact 
view of quality. Ideally the proper combination of all metrics in one ‘super’ meta-
metric would give a clear indication of the quality of the system. Instead of having 
one metric to rule them all, simpler metrics, more realistic and unbiased can be 
constructed. Construction through combination is difficult and subjective. Which 
metrics should (and can) be combined and how? The ontology provides, along with 
the SF, one more tool for doing this, leaving the subjective issues again to the user: 
the metric normalisation factor (MNF). The MNF is used to convert the value of a 
metric (VM) to a value in the interval [0,1]. This factor is different for every metric 
since metric values use different units of measurement (from percent to sec or 
Boolean). The MNF is used to provide a unified measure for all metrics. The 
conversion of a value to the predefined interval is subjective and has to do primarily 
with the definition of a best and worst case value for this metric. For example, the 
GRC metric defines the number of graphics in a page. A user considers that a page in 
an e-commerce site should have at least 1 graphic (e.g. the product to be purchased) 
and at most 10 graphics (more would deem the page difficult to download). Based on 
this we derive MNF= 1/10. So a page with 5 graphics would have a VM of 0,5. 
Values greater than 1 are again normalised to 1. This is a rather simplistic example 
but it gives the general idea behind the use of this factor. MNF can either be set by the 
user or be defined by a survey with a rather large set of users. A meta metric MM can 
then be calculated by the following formula: 

ii ii VMSFMNFMM ∗∗=∑  

where i metrics (i>1, selected by the user) are combined in a sum, with MNFi being 
the metric normalisation factor of metric i, SFi the significance factor and VMi the 
corresponding value (fig. 5). The VM, SF and MNF factors are attributes of the 
Metric Class.  
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Figure 5: A procedure for calculating a meta-metric 

 
Depending on the nature of the metrics involved, the above mentioned formula 

may include more factors that reduce the bias or give better results. In any case this 
procedure is defined by the user and realised by a mechanism that uses the ontology.    

The ontology is also extendable since new classes and relationships can be 
easily added or the taxonomy can be easily rearranged. The association rules 
presented in section 6.3 or other rules may be build-in to a decision mechanism to 
facilitate answers to complex questions. We avoided using the rules as relationships 
inside the ontology in order to retain a high level of flexibility. 

 
The ontology was developed using the Protégé editor and is available in OWL 

(Web Ontology Language) making its use efficient by customised query engines or 
decision support mechanisms [63; 77].  

8 Conclusions 

Quality evaluation of B2C e-commerce systems can take a numerical form by using 
metrics. B2C systems, being web based may be evaluated in terms of quality by web 
metrics. However not all web metrics are suitable for such an evaluation. Starting 
from this point, the first goal of this research was to choose e-commerce-specific web 
metrics and categorize them according to both B2C- related and general attributes. 
We have based the definition of these attributes on literature review, the quality 
evaluation of several e-commerce systems and on development experience.  

The resulting framework is based on three dimensions, each one contributing to 
goal of metric categorisation from a different perspective: either internal or external to 
the metric it self, user-oriented or evaluation expert-oriented. The measurement scale 
by using simple formalization contributes to the evaluation of e-commerce metrics by 
demonstrating that there might be two general views in quality evaluation, even for 
metrics: process perceived quality and user perceived quality. To conceptualize metric 
quality into three dimensions increases our ability to explain their relationship in a 
better way. In process perceived quality aspect the evaluator defines the resources 
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(evaluation tools, human resources) of the evaluation process in order to select the 
appropriate metrics.  

The results of our analysis using this framework is not a final conclusion on how 
e-commerce systems can be measured qualitatively by metrics, but it rather provides 
an extendable tool useful for evaluation experts and developers alike. We believe that 
this is a step towards more effective measurements of e-commerce systems quality. 
The use of some of web metrics for e-commerce systems becomes more difficult 
because an e-commerce system is a general platform for several web applications.  

Although the method proposed offers a well-defined evaluation framework, the 
evaluator plays an important role. The evaluator can use the default values of each 
quality characteristic, but can also change the evaluation results to place emphasis on 
specific quality characteristics. Extreme modifications of the proposed evaluation 
results may significantly lead to meaningless results. The authors propose to an 
inexperienced evaluator to use the model as presented herein. Another limitation of 
the model is that the set of web-metrics that it defines may change over time as e-
commerce technology is a rapidly growing area. This, however, does not affect the 
evaluation framework since an experienced evaluator can change or add web metrics 
and the values for the measurement scale(s) or easily expand/change the ontology. 

This paper employed a quantitative research method to develop and validate a 
framework of e-commerce systems’ quality; future qualitative studies on the topic 
will extend the reliability and validity of the findings of this study, possibly map 
metrics to quality sub-characteristics (ideally keeping the framework simple) or by 
simply adding new quality dimensions (in the condition that they keep the model tight 
and targeted on software quality). 
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