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Towards a Data Quality Framework for Web Portals 
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Abstract. Advances in technology and the use of the Internet have favoured the 
appearance of a great variety of Web applications, among them Web Portals. 
These applications are important information sources and/or means of accessing 
information. Many people need to obtain information by means of these 
applications and they need to ensure that this information is suitable for the use 
they want to give it. In other words, they need to assess the quality of the data. 

In recent years, several research projects were conducted on topic of Web Data 
Quality. However, there is still a lack of specific proposals for the data quality 
in Web portals. In this paper we introduce a data quality framework for Web 
portals. This framework is centred in the point of view of data consumers and 
uses a probabilistic approach for the data quality evaluation.   

Keywords: Data Quality, Information Quality, Web Portal, Data Quality 
Framework, Bayesian Network. 

1   Introduction 

A Web portal is a site that aggregates information from multiple sources on the Web 
and organizes this material in an easy user-friendly manner [25]. Over the past decade 
the number of organizations which owns Web portals grows dramatically. Their have 
established portals to complement, substitute or widen existing services to their 
clients [26]. Many people use data obtained from portals to develop their work and to 
make decisions. These users or data consumers need to ensure that the data obtained 
are appropriate for the use they need. Likewise, the organizations owns of Web 
portals need to deliver data that meet user requirements to achieve the user’s 
preference. So, a common interest between data consumers and portal’s owners is the 
data quality. 
In the literature, the concept of Data or Information Quality (DQ hereafter) is often 
defined as “fitness for use”, i.e., the ability of a data collection to meet user 
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requirements [4, 23]. Besides, the terms “data” and “information” are often used as 
synonyms. In this work also we will use them as synonymous. 
Research on data quality began in the context of information systems [15, 23] and it 
has been extended to contexts such as cooperative systems, data warehouses or e-
commerce, amongst others. Due to the particular characteristics of Web applications 
and their differences from the traditional information systems, the research 
community started to deal with the subject of DQ on the Web [10]. 
However there are no works on DQ that address the particular context of Web portals 
[5], in spite of the fact that some works highlight the DQ as one of the relevant factors 
in the quality of a portal [18, 26]. Likewise, except for few works in the DQ area, like 
[3, 4, 24], most of them have looked at quality from the data producers or data 
custodians perspective and not from the data consumers perspective [3].  
Consequently, our research aim is to create a Data Quality Model for Web portals 
focused on the data consumer perspective. For this, we have divided our work in two 
parts. The first, consisted in the definition of a theoretical model [6] named Portal 
Data Quality Model (PDQM). As a result of this we have identified a set of 34 DQ 
attributes than can be used to assess the DQ in a portal. The second, now in progress, 
is to convert PDQM in an operational model, i.e., that it can be used to assess DQ of 
Web portals. To reach this goal, DQ attributes in PDQM have to be specified in an 
operational way. This means that we need to define a structure where we can organize 
the DQ attributes and to associate measures and criteria for them.  
Considering the subjectivity own of data consumer perspective and the uncertainty 
inherent to the quality perception, we have decided to use a probabilistic approach 
(based on Bayesian networks and fuzzy logic) to convert PDQM in an operational 
model. In this paper we show the first part of our work and the advances in the second 
part.  
The rest of the paper is organized as follows. Section 2 presents the definition of 
PDQM. In Section 3 we describe briefly the approach used to convert PDQM in an 
operational model. Section 4 describes our advances to complete our model. Finally, 
section 5 shows our conclusions. 

2   PDQM 

PDQM is a data quality model for Web portals focused on the data consumer 
perspective. Their development was based on three key aspects: 
• Data consumer perspective.  When data management is conceptualized  as a 
production process [23], we can identify three important roles in this process: (1) data 
producers (who generate data), (2) data custodians (who provide and manage 
resources for processing and storing data), and (3) data consumers (who access and 
use data for their tasks). The last perspective differs from the two others in two 
important aspects [3]: (1) data consumer has no control over the quality of available 
data and (2) the aim of consumers is to find data that match their personal needs, 
rather than provide data that meet the needs of others. 
To consider the data consumer perspective in our model we have used the quality 
expectations of the data consumer on the Internet, proposed in [22]. These 
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expectations are organized into six categories: Privacy, Content, Quality of values, 
Presentation, Improvement, and Commitment.       
• Web data quality attributes. Obtained from DQ frameworks proposed in the 
literature for different domains in the Web context. The idea was to take advantage of 
work already carried out in the Web context and apply it to Web portals. 
• Web portal functionalities. Web portals present basic software functionalities to 
data consumer deploying their tasks. Under our perspective, the data consumer judges 
the quality of data by using the application functionalities. So, we used the web portal 
software functions that Collins proposes in [7] considering them as basics in our mo-
del. These functions are as follows: Data Points and Integration, Taxonomy, Search 
Capabilities, Help Features, Content Management, Process and Action, Collaboration 
and Communication, Personalization, Presentation, Administration, and Security.   
Next, to define PDQM we developed a four-phase process showed follow.  

2.1 Identification of Web DQ attributes 

The first phase consisted in gathering Web DQ attributes from the literature. For this 
we have made a systematic review of the relevant literature [14].  Then, we selected 
works proposed for different domains in the Web context (Web sites [8, 13, 19], 
integration of data [2, 20], e-commerce [12], Web information portals [26], 
cooperative e-services [9], decision making [11], organizational networks [17] and 
DQ on the Web [10]). As result and after summarizing the collected initial set of 
attributes, we obtained 41 DQ attributes (see top of Table 1). 

2.2 Definition of a Classification Matrix for Web DQ attributes 

In the second phase, we have built a matrix for the classification of the DQ attributes 
obtained in previous phase. This matrix relates two basic aspects considered in our 
model: the data consumer perspective by means their DQ expectations on Internet 
[22] and the basic functionalities in a Web portal. On this matrix we carried out an 
analysis of what expectations were applicable in each different functionality of a Web 
portal, represented in Figure 1 with a “√” mark. 

 
Figure 1. Matrix to classify Web DQ attributes. 
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2.3 Classification of Web DQ attributes in the Matrix 

In the third phase, we used the obtained matrix to classify the Web DQ 
attributes identified in phase 1. Then for each relationship between 
functionality and expectation, we assigned the Web DQ attributes that 
could be used by the data consumer to evaluate the DQ in a portal. We 
did it by studying the appropriateness of each attribute (based on its 
definition), in relation to the objective of each portal functionality and 
the user DQ expectation.  On Table 1, we have summarized the 
attributes assigned for functionality.  

 
Table 1. Data quality attributes assigned for functionality 

As a result of this work we have a set of 34 DQ attributes that can be used for the DQ 
evaluation in portals, considering the data consumer perspective. 

2.4 Validation 

The fourth phase consists on the validation of the set of DQ attributes selected. 
Despite that this phase is not essential still, because later we will develop another 
validation with the whole model; we have decided to carry out this previous 
validation by means a survey. In this survey, data consumers of web portals to be 
asked about the importance for them of the DQ attributes considered in PDQM. The 
survey is run on http://alarcos.inf-cr.uclm.es/PDQM/.  

3   A probabilistic approach to make PDQM an operational model 

With the aim to use PDQM in an evaluation process, we need to convert it in an 
operational model. For this, and considering the subjectivity of data consumer 
perspective and the uncertainty inherent to the quality perception, we have decided to 
use a probabilistic approach as the proposed in [16]. This approach involves Bayesian 
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networks and fuzzy logic. Bayesian networks model the problems that involve 
uncertainty, and combine the advantages of an intuitive visual representation with a 
sound mathematical basis in Bayesian probability [21]. Finally, fuzzy logic provides 
an effective conceptual framework for dealing with the problem of knowledge 
representation in an environment of uncertainty and imprecision [27]. 
A Bayesian Network (BN) is a directed acyclic graph, whose nodes are the uncertain 
variables and edges are the causal or influential links between variables. A conditional 
probability function models the uncertain relationship between each node and its 
parents [21]. In our context, BNs offer an interesting framework with which it is 
possible to: 
• Represent the interrelations among DQ attributes in an intuitive and explicit way 

by connecting influencing factors to influenced ones. Such a representation 
facilitates the comprehension of the model, its validation, its evolution and its 
exploitation. 

• Circumvent the problems of subjectivity uncertainty.  
• Actually use the obtained network to predict/estimate the data quality of a portal.  
• Isolate responsible factors in the case of low data quality.  
Another interesting property of the Bayesian approach is the fact that it considers the 
probability as being a dynamic entity that can be updated as more data arrive (self 
learning mechanism). New data may naturally improve the degree of belief in certain 
propositions [1]. Consequently, a BN model is particularly adapted to the changing 
domain of web portals.  

4   Process to convert PDQM in an operational model 

To convert PDQM in an operational model, we have developed a process with the 
following phases: 
a. To organize hierarchically the DQ attributes of PDQM. This phase consisted on 

the definition of criteria to organize and classify the DQ attributes of PDQM.  
b. To build a graph to represent PDQM. In this phase the DQ attributes organized in 

the previous phase, will be represented in the form of a BN.  
c. To prepare the BN for the evaluation process.  This phase is developed in sub-

phases due to the size of the obtained BN. In each sub-phase we have selected a 
sub-network of the BN developing the next activities on it:  
• To define quantifiable variables for the DQ attributes in the last level (entry 

nodes) of the sub-network. 
• To define the node probability table for each intermediate node of the sub-

network. 
d. To develop an experiment to compare the judgements of a set of portal-user 

subjects with the evaluation results produced by the BN. 

On the first phase we have selected the conceptual DQ framework developed in [24] 
as criteria of classification to organize the DQ attributes of PDQM. With the idea of 
considering some aspects inherent to the Web context, in our work we have renamed 
and redefined the Accessibility category as Operational category, emphasizing with 
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this the importance of the role of systems not only with respect to accessibility and 
security but also to aspects as personalization, collaboration, etc.  So, the final DQ 
categories to classify the DQ attributes of PDQM are: Intrinsic, Operational, 
Contextual and Representational. 
After this, and considering the definition of each DQ category, we have classified all 
the DQ attributes of PDQM into these categories. 
In the second phase, we have generated new levels in the BN based on the 
relationships of direct influences among the DQ attributes in each category. We used 
the definitions of the DQ attributes to establish these relationships. Our aim was to 
establish which DQ attribute in a category had direct influence on other DQ attributes 
in the same category, and eventually on attributes in other category.  
Based on these relationships we have built the graph of the BN which represents 
PDQM, see Figure 2. In this BN we can distinguish the following levels:  
• Level 0, where the PDQ is the node that represents DQ in the whole portal. 
• Level 1, where node represents the DQ in each DQ category in a portal. 

Obviously, the node PDQ is defined in terms of the other four nodes. 
• Level 2, where nodes represent the DQ attributes with a direct influence over 

each one of the DQ categories.  
• Level 3, where nodes represent the DQ attributes with a direct influence over 

each one of the DQ attributes in Level 2. 
• Level 4, with only one node that represents a direct influence over each one of 

the DQ attributes in Level 3. 
 

 
Figure 2. Graph of the BN that represents PDQM. 

As it can be seen in the resultant graph, some relationships are more complex than 
others. For example: the variables Accessibility and Understandability have three and 
four parents respectively. Then with the aim of facilitating the use of the BN, will be 
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necessary to create new nodes (intermediate nodes) that permit to reduce the number 
of parents for each node.  
In the third phase, corresponding to the preparation of the BN for the evaluation 
process, we will work separately with each sub-network of the BN created. For each 
one, we will develop two sub-phases: first, to define one quantifiable variable 
(indicator) for each DQ attribute in the last level of the BN, and second, to define the 
probability tables for each intermediate node. 
As a point of start, we have selected the DQ_Representational sub-network. As we 
can see in Figure 2, the original sub-network had two nodes with four parents 
(Understandability and DQ_Representational) and was necessary to create two 
synthetic nodes (Representation and Volume of Data) in order to reduce the 
combinatory explosion in the next step during the preparation of the probability 
tables, obtaining the sub-network showed in Figure 3.  
For this sub-network we have defined one indicator for each entry node in the BN 
(see on Figure 3 the nodes in the last level). In general we have selected and defined 
the measures according to each attribute (entry node) definition. To exemplify this in 
the Figure 3 we show the definition of indicator LCsR (Level of Consistent 
Representation). For the calculation and definition of each indicator we have used 
several base and derived measures. All the indicators take a numerical result between 
0 and 1. Consequently, with the fuzzy approach used, we have defined for each one 
the labels that represent the fuzzy sets associated with it. Finally, a membership 
function was defined to determine the degree of membership of each indicator respect 
of the fuzzy labels. 

 
Figure 3. Preparation of sub network DQ_Representational for evaluation process. 
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The intermediate nodes are nodes defined by their parents and not directly 
measurable. So, whereas these nodes are not measurable, their probability distribution 
was given by expert judgments. On the other hand, we considered that this probability 
distribution can differ depending on the Web portal context.   
In this work as a matter of example, we have considered the educational context and 
we have defined the nodes probability tables considering that this BN will be applied 
to university portals. Figure 3 shows some nodes probability tables for sub-network. 
For the last phase an experiment will be developed. This study will give us the 
judgments of a group of subjects about the DQ Representational in a set of Web 
portals in the context selected. The idea is to compare the valuations of the subjects 
with the results of the BN, and based on this comparison adjust the sub-network.  

5   Conclusions and the future work  

In this paper, we have shown the development of a DQ model for Web portals 
(PDQM) centered in the data consumer perspective. This work has been developed in 
two parts. The first consisted in the definition of the theoretical foundations of the 
model and in the identification of a set of 34 DQ attributes that can be used for the 
DQ evaluation in Web portals. The second part, now in progress, consists in the 
transformation of PDQM into an operational DQ model. For this, we are using a 
probabilistic approach. As a result of this part, we have generated a BN that 
represents PDQM and we have implemented a sub-network of it for a specific Web 
portal context.  
As future work we will develop an experiment to validate the sub-network 
implemented and after we will work with the other sub-networks of PDQM until 
complete and validate the whole model.  
The choice of a probabilistic approach to generate the framework is motivated by the 
fact that many issues in quality assessment are circumvented: threshold value 
definition, measure combination, and uncertainty. 
One of the advantages of our framework will be its flexibility. Indeed, the idea is to 
develop a global framework that could be adapted for both the goal and the context of 
evaluation. From the goal perspective, the user can choose the sub-network that 
evaluates the characteristics he is interested in.  From the context point of view, the 
parameters (probabilities) can be changed to consider the specific context of the 
evaluated portal. This operation can be performed using available historical data from 
the organization. 
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