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ABSTRACT 

 
 

AN INTEGRATED FRAMEWORK FOR 

BUSINESS INTELLIGENCE SYSTEMS: 

BUSINESS INTELLIGENCE PRODUCT MAP 

 
 

Chee Chin Hoong 

 
 
 
 
 
 
As data is becoming more important in this information age, Business 

Intelligence (BI) has been adopted by many organizations to gain 

technological advantage over their competitors. To provide management users 

with actionable information (so-called BI product) for decision-making, BI 

incorporates various concepts, methods and technologies such as data 

warehousing, Extract-Transform-Load, Online Analytical Processing, 

reporting and data mining tools for users to analyze the data. However, current 

BI systems lack the modeling for business management and information 

manufacturing and this causes users not able to fully understand the BI 

product. Modeling the business management workflow and information 

manufacturing chain will enable users to implement Business Process 

Modeling (BPM) and Total Data Quality Management (TDQM). This research 

presents an integrated framework known as the Business Intelligence Product 

Map (BIP-MAP). The salient modeling and management techniques from 

Business Process Modeling Notation (BPMN) and Information Product Map 

(IP-MAP) are integrated in a hierarchical fashion for users to visualize the 

relevant business processes and information processes of a BI product. The 

issues we have studied include evaluating the efficacy of integrating these two 
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very different types of processes and implementing data quality for the two 

layers. For the completeness and accuracy data quality dimensions, we have 

investigated how to perform automatic weighting of the data attributes to 

compute the two parameters so that more accurate values of data quality are 

presented to the management users. For the timeliness data quality dimension, 

to ensure consistencies between the two layers, we have proposed a novel 

approach to propagate the timing parameters automatically from the 

information process layer to the business process layer. The framework has 

been evaluated using two real-case studies. Both subjective evaluations 

confirm the effectiveness of the proposed method, BIP-MAP, over BPMN and 

IP-MAP. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Overview of Business Intelligence Systems 

In recent years, Business Intelligence (BI) has emerged as one of the top ten 

spending priorities for many Chief Information Officers [11] and the 

worldwide BI software revenue surpassed US$10 billion dollars in the year 

2010 alone [12]. According to [13], BI is “a broad category of technologies, 

applications, and processes used for gathering, storing, accessing, and 

analyzing data to help its users make better decisions”. In other words, BI is a 

system that allows business users to leverage the disparate data sources for 

making informed business decisions [14]. It is becoming more popular 

nowadays because of its capability to extract and present critical information 

in a timely manner for managers to make well-informed and the best business 

decision. 

 

BI is an extension of some traditional information systems like Transaction 

Processing System (TPS), Management Information System (MIS), and 

Decision Support System (DSS) [15]. Each type of these information systems 

plays a different role in providing support to the organizations. TPS focuses on 

implementing the routine activities of an enterprise by processing large 

amount of transactions [16]. Some of the examples of TPS are the point of 

sales system, inventory control system and employee payroll system. MIS 

converts data into a meaningful aggregated form that management users can
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use for business analysis [15]. For example, a MIS can transform the 

transaction-level data of sales and inventory to produce reports in a 

summarized manner for the management users to analyze the business 

performance of their organization. DSS provides managerial decision support 

for the managers and executives to implement the job of planning in their 

companies [16]. For instance, a DSS is able to provide some answers to the 

questions that are specified by the management users in order to solve a 

business problem. 

 

However, these systems are still not able to meet the evolving business needs 

of enterprises that demand the integration of immense, different, dispersed and 

heterogenic data [17]. Most enterprises are still facing a great challenge in 

processing and analyzing their data because data is scattered at various 

departments of the organization [18]. The source, reliability, accuracy, and 

timeliness of data are essential to good decision making and successful 

outcomes [19], and the visualization of business process and information 

quality that form the basis of the managerial reports become imperative for 

decision makers. As a result, the focus on transaction-oriented systems in the 

early years of information management is starting to shift towards decision-

oriented systems nowadays [20] and BI has emerged as an integrated type of 

information system in order to provide additional capabilities that can 

facilitate the integration of disparate corporate data to support the business 

decision making [21]. 
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Figure 1.1 shows a typical platform of the BI system. In order to enable users 

to extract intelligence from the data to support their business decision making, 

data from various sources need to be loaded into a data warehouse through the 

data transformation process. Then, the data that is consolidated in the data 

warehouse can be loaded into the Online Analytical Processing (OLAP) tools 

to perform multi-dimensional data analysis or extracted with the reporting 

tools to generate managerial reports for business analysis and decision making. 

 

 

Figure 1.1: An Overview of the Business Intelligence Platform [22] 
 

1.2 Problem Statement 

In today's business environment where the operation of organization grows 

bigger and becomes more complex, one major challenge is how to process and 

extract useful information from huge volumes of data, such as customer 

information, transaction records, and the market and economic information. 

This is where a BI system is able to provide the competitive edge over others. 

However, one weakness of current BI systems is that data is treated too 

technically without considering the 'soft' aspects of the information, for 

example, how and why the data is generated, and how reliable the data is. 

Decision making is a complex process which does not only involve hard data 

such as business trend and sales volume but also other considerations such as 

the information system infrastructure, human resources, and standard 

operating procedures of the company. For example, any changes in the 



 

4 
  

infrastructure may affect the daily operations of the business which in turn 

affect how data is generated, and the reliability of the BI process itself. 

Changes in business environment may force the company to expedite a 

particular business process to ensure the shortest time to market for a product. 

 

In particular, the current BI technology has neglected the modeling of some 

important underlying processes that may affect the data and it does not have 

any mechanism to keep track of the changes for both process and data. In [20], 

Thomas H. Davenport  proposed a bottom-up look at the information flow so 

that managers can identify how the data is manipulated throughout the  

processes in the entire organization. He introduced a four-step procedure for 

linking decisions and information which includes (a) identifying the decisions 

that are important for successfully executing the company’s strategy, (b) 

providing information required to make the decisions, (c) recognizing the roles 

of different users in decision making, and (d) ensuring employees to use 

information for making better decisions. Although the importance of linking 

decisions and information has been identified and steps have been proposed 

for linking them, no framework has been produced to model the relevant 

processes and data for business decision making. As a result, the managers and 

business analysts are still unable to possess a complete view of the information 

for important business decisions. This thesis addresses these shortcomings by 

incorporating all the different elements of decision making so that BI systems 

can be robust towards the shifting needs of the company. 
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1.3 Research Objective 

This thesis investigates the following two research issues for a BI system 

along this direction: 

 

How to incorporate the elements of business planning and management into a 

BI system? Both experts in the fields of business and information technology 

have agreed that understanding the business processes is very important for 

developing a successful system [23] because the changes in business 

environment also affect the systems or applications that support its operations 

[24]. We investigate how to handle these issues from two perspectives. The 

first is in terms of the operating procedures practiced by the company 

(hereafter described as business processes). It addresses questions such as 

“what are the sequence of steps needed to perform a particular task or activity?” 

and “who is responsible?”. Business Process Modeling Notation (BPMN) [3] 

is one of the modeling techniques that enables users to visualize the workflow 

of activities and identify the appropriate order and dependencies among them. 

The second takes on a more data-oriented view which specifies the steps how 

data is being managed in the process (hereafter described as information 

processes). The latter view is more technical but they are critical in the modern 

business environment which relies on data for decision making. It addresses 

questions such as “who provides the data?”, “has it been verified?”, “is the 

data up-to-date?”. Information Product Map (IP-MAP) [7] is one of the 

modeling techniques that enables users to visualize the construction steps of 

an information product. One major challenge in the research is how to merge 

these two different models into a single system. Usually, the linking between 
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the business and information processes is not a one-to-one mapping. In fact, 

different set of business processes could be linked to a set of information 

processes that is overlapping with one another. As BPMN and IP-MAP is 

integrated together, the issue of consistency for timeliness may arise when 

users try to perform time management for the business and information 

process layers. The timing parameters of the business and information 

processes may not be consistent in the two layers if there is no proper 

coordination. Chapter 4 discusses about the integration of BPMN and IP-MAP 

and the second part of Chapter 5 discusses about an algorithm that deals with 

the issue of consistency for timeliness between the two layers. 

 

How to ensure the integrity of the data presented in a BI system? In a BI 

environment, data or information is the most critical element that needs to be 

managed well because most of the business decisions are made by the 

management users based on the data provided in the BI products. Since data is 

considered to be a very important asset of any organization, it should be 

viewed as a product in order to solve the problem of poor data quality [25]. 

When measuring the data quality problem in IP-MAP, different attributes have 

different impact towards the data integrity at different stages. For example, the 

attribute ‘CustomerName’ may not be as important as ‘CustomerSalary’ for 

deciding to raise the credit limit of a customer in a banking scenario. In IP-

MAP [7], users have to either assign weights to the data attributes manually or 

treat them as equally important.  However, this is not desirable as different 

attributes clearly has different degree of relevance in a decision making 

process. Apart from this, inconsistent weights may be assigned to the data 
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attributes because different users may have different opinions towards the 

importance of a data attribute in the decision making process. The first part of 

Chapter 5 discusses about an algorithm that implements automatic weight 

assignment to address these issues. 

 

1.4 Research Contribution 

One major problem in incorporating BPMN and IP-MAP is how to 

incorporate these two very different models. The first contribution of this 

thesis is a new framework that integrates the salient modeling and 

management techniques of BPMN and IP-MAP. In our model, the 

information processes are employed to provide further breakdown the data 

processing steps associated with a business process. As such, the relationship 

between the business and information process is not a simple one-to-one 

mapping. In fact, some business processes may even share overlapping 

information processes to generate different BI products. Therefore, we 

propose a hierarchical model that implements a one-to-many mapping 

between the business processes in the first layer and the information processes 

in the second. The business processes will be modeled through BPMN [3] 

while the information processes will be modeled through IP-MAP [7]. 

 

The advantage of having a hierarchical model is that different levels of details 

are systematically segregated into different layers (from high-level BI 

products and business processes to the underlying information processes). For 

decision making, management users can easily identify all the BI products that 

are available to be utilized for business decision making. Apart from this, they 
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are able to drill down into the detailed data processing steps that are involved 

in each business process in order to identify how the data is being captured, 

validated, processed, stored, transformed and generated throughout the 

organization. In addition, a comprehensive set of metadata that is included at 

the information process layer helps the technical users to understand some 

business considerations behind certain data and enables the business users to 

get an insight into the logic behind the information generated to them [26]. 

Thus, the integration of the proposed framework enables users to have a high-

level understanding of all the business operations. 

 

Since poor data quality will badly affect the usability of a data warehouse [27], 

the second contribution of this thesis is enhancing the implementation of 

data quality for BI systems. First, we propose a novel approach of automatic 

weight assignment for the data attributes based on the Term Frequency and 

Inverse Document Frequency (tf-idf) method [28] to help users identify the 

attributes that will severely impact the data quality of a BI product. The 

current methods of Uniform Weighting and User Assigned Weighting in IP-

MAP are not practical to be used for identifying the data quality of a BI 

product due to several reasons. Uniform Weighting considers each data 

attribute as equally important but clearly different attributes have different 

degree of impact towards decision making. User Assigned Weighting requires 

users to manually assign the weight for each data attribute but this becomes 

infeasible when the number of attributes or data entries become large. This is 

because it will be time consuming and inconvenient for the users to enter the 

weight of the data attribute one by one. In the proposed data weighting method, 
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the weight of each data attribute is determined automatically based on their 

usage in the BI Dashboard. With this approach, a consistent weight is always 

generated for each data attribute. Therefore, this approach of data weighting 

helps to compute the data quality dimensions of completeness and accuracy 

for a BI product in a more realistic manner. 

 

Second, we propose an algorithm that enforces consistent time management 

between the business and information process layers. Users are only required 

to input the timing parameters at the information process layer for the business 

processes that are mapped to a set of information processes. The total duration 

time of the information processes will be automatically propagated up to the 

relevant process at the business process layer. As the duration time is 

generated successfully for each business process that is mapped to a set of 

information processes, the Project Evaluation & Review Technique (PERT) 

algorithm can be executed to calculate the timeliness details like early finish 

time, late finish time, slack time and critical path at both layers. With the 

implementation of this feature, consistencies for the propagation of timing 

parameters between the business and information process layers are achieved 

and users are able to estimate the time required to accomplish a task or to 

generate a report at different phases of a process. 
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1.5 Thesis Organization 

The remainder of this thesis is organized as follows: 

• Chapter 2 Literature Review: This chapter contains important 

information that is relevant to this research. It introduces the concept of 

Business Intelligence, different types of Business Process Modeling 

and Total Data Quality Management techniques, and Metadata. 

• Chapter 3 Research Methodology: This chapter describes Design 

Science Research as the method that is applied to conduct this research 

and discusses the method used to evaluate the proposed framework. 

• Chapter 4 Integration of BPMN and IP-MAP: This chapter 

discusses about the integration of the proposed framework using the 

case study of Subject Pre-Registration at Faculty of Information and 

Communication Technology in Universiti Tunku Abdul Rahman. 

• Chapter 5 Implementation of Data Quality: This chapter discusses 

about the algorithms of the proposed framework for automatic weight 

assignment of the data attributes and time management between the 

two layers of business and information processes. 

• Chapter 6 Conclusion: This chapter concludes the research by 

providing a summary about the contributions and discusses some 

enhancements for future research. 
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1.6 Research Publication 

Before implementing the actual work of this research, a state-of-the-art review 

for BI systems is conducted to identify its applications in various industries 

and the findings of the study is published in the Symposium on Progress in 

Information & Communication Technology (SPICT 2009) [29]. In Chapter 4, 

the work on integrating BPMN and IP-MAP to construct the proposed 

framework is published in the 15th International Business Information 

Management Association (IBIMA 2010) Conference on Knowledge 

Management and Innovation [30]. After enhancing the proposed framework 

with additional features, the work of integrating BPMN and IP-MAP is 

published in the 22nd Australasian Conference on Information Systems (ACIS 

2011) [31]. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

This research has proposed a new framework for Business Intelligence (BI) by 

integrating the salient modeling and management techniques of Business 

Process Modeling (BPM) and Total Data Quality Management (TDQM). The 

previous work on BI, BPM and TDQM are discussed in Section 2.2, Section 

2.3 and Section 2.4 respectively. The implementation of metadata for TDQM 

has been further improved in this research and the related work for metadata 

adoption in BI is discussed in Section 2.5. 

 

2.2 Business Intelligence 

Many organizations are facing the problem of information overload because of 

not implementing the appropriate systems or tools for capturing, organizing 

and utilizing information [32]. Business Intelligence is a technology that helps 

organizations to solve this problem and enables employees to extract useful 

information from the huge volumes of data for business analysis and decision 

making. The term “Business Intelligence” (BI) is popularized by the Gartner 

Research group in 1989 [14] and it has been defined in many ways by 

different researchers or practitioners of BI. Generally, BI is defined as a set of 

concepts, methods, and technologies used to turn data into information and 

knowledge that is useful for the business analysis and decision making process 

of an organization [33]. It should not be confused with the field of Artificial 
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Intelligence (AI) and Data Mining (DM). Although AI and DM techniques can 

be incorporated for data analysis component or as an expert system in a BI 

system, BI is a broader field, encompassing both technical aspects such as 

information system architecture, database management, as well as non-

technical aspects such as business planning and management, operations 

research, financial reporting and others. Apart from this, BI can also be 

defined as the process of collecting sufficient right information with the right 

manner at the right time, and providing the right results to the right people for 

the purpose of decision making, so that it can yield true benefits for the 

business strategies and operations of an organization [18]. In addition, the 

Data Warehousing Institute defines BI as the processes, technologies, and 

tools that can be used to transform data into information, information into 

knowledge, and knowledge into plans that provide intelligence to the decision 

making process of business operations [34]. 

 

According to some surveys, BI applications has been placed on the top-most 

spending priority list of many Chief Information Officers nowadays [11, 35]. 

This is because BI is a prerequisite for an organization to compete with others 

in the marketplace [13] by helping organizations to increase profitability, 

decrease costs, improve customer relationship management, and decrease risks 

for their business [34]. In addition, BI systems are able to assist the business 

analysts in understanding their customers purchasing behaviour, identifying 

marketing opportunities, managing the progress of projects, and optimizing 

inventory control [36]. In fact, BI should be used by all employees in the 

organizations with the implementation of tools that have simple user interface, 
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systems that support access control for different users, and digital 

documentation which provides detailed information to the users [37]. Some of 

the organizations that are implementing BI to capture, analyze and take 

appropriate actions upon their data are Wal-Mart, Harrah’s, Marriott, and 

Capital One [38]. 

 

2.2.1 The Business Intelligence Platform 

Figure 1.1 shows an overview of the BI platform [22]. Data is available in 

many sources throughout an organization and it may be stored in different 

types of databases or files. In order to implement a successful BI environment, 

the data stored in various sources of an organization needs to be transferred 

into a centralized data repository called the Data Warehouse. The reason of 

implementing a data warehouse is to present organized data for users to 

construct their business questions in an easy manner as they perform their 

business analysis and decision making process. For that reason, the Extract, 

Transform and Load (ETL) process will be executed to cleanse and validate 

the data before it is transferred from the data sources into the data warehouse. 

Then, the data can be loaded from the data warehouse for business analysis 

using the Online Analytical Processing (OLAP) and BI Reporting tools. 

 

Among the many types of BI reporting tools used in various fields of business 

and industry like transportation, banking, health care, retail, manufacturing, 

and pharmaceuticals [29, 39, 40], BI Dashboard is considered as one of the 

important applications for providing comprehensive BI products to managers 

and business analysts on a single computer screen so that information can be 
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viewed easily [41]. The information in a BI Dashboard is extracted from a data 

warehouse and processed into various forms of graphs or charts like the bar 

graph, line graph, pie chart or a combination of graphs. By using the BI 

Dashboard, managers and business analysts may help their organizations to 

save cost and gain more profit if a right decision is made based on the 

available historical and forecasted data. 

 

Even though the numbers in a BI Dashboard can provide managers and 

business analysts with the detailed figures for sales and profit or any other 

information, it may not be sufficient to assist them in making informed 

decisions. For example, if the sales of a product are very low, users may not 

have any idea about the cause of this situation since they do not understand 

how information in the BI Dashboard is being constructed. The current BI 

solutions do not take into consideration the underlying factors that affect the 

construction of the BI products. In order to implement a successful BI solution, 

the management users are required to understand how the data is captured and 

stored throughout an organization for addressing the complicated issues of 

business decision making [20]. 

 

Apart from this, any changes in the business environment or operating 

procedures may result in a different requirement of the BI products. This is 

because different set of information is required to perform analysis for 

different processes in business decision making. A gap will appear if the data 

and processes are analyzed separately using different BI and BPM tools [42]. 

Therefore, we proposed to implement a BI framework based on some relevant 
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processes that will produce a great impact towards the construction of the BI 

products available in a BI Dashboard. These processes can be categorized as 

the business process and the information process. Section 2.3 provides a few 

types of Business Process Modeling (BPM) techniques for modeling the 

business process while Section 2.4 provides some techniques of Total Data 

Quality Management (TDQM) for modeling the information process. Each 

modeling technique has its own strengths and weaknesses. 

 

2.3 Modeling of Business Processes 

Recently, business processes become the main focus of many organizations 

for supporting the analysis and design of their information systems [43]. A 

business process [44] includes a set of activities that are executed in a 

synchronized manner to achieve some business objectives. It is performed in 

an organization and it may interact with the business processes from other 

organizations. Business Process Modeling (BPM) [23] is the technique used to 

represent the processes of an enterprise in a systematic form, so that the 

current processes may be analyzed and improved in future. Typically, 

managers and business analysts are responsible to improve the efficiency and 

quality of a business process by referring to the BPM diagram because it 

provides them a clear picture of the business process workflow. In order to 

implement improvement for the business processes, managers and business 

analysts should ensure quality for the execution of six business process flows, 

including activity flow, information flow, resource flow, cost flow, cash flow, 

and profit flow [45]. By conducting a proper modeling for the business 

processes, an organization will be able to perform better in its business 
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operations. This is because the employees can easily understand the standard 

operating procedures of a business process when each step of the process is 

modeled systematically. 

 

Many types of BPM techniques have been proposed by different researchers 

for the fields of business and information technology. Some examples of the 

BPM techniques [23, 46, 47] are the Role Activity Diagram (RAD), Event 

Process Chains (EPC), Business Use Cases (BUC), Unified Modeling 

Language (UML), Integrated Definition for Function Modeling (IDEF), 

Coloured Petri Net (CPN), and Business Process Modeling Notation (BPMN). 

Each BPM technique plays a specific role in modeling the business processes 

of an organization. The strengths and weaknesses of each BPM technique are 

discussed from Section 2.3.1 to Section 2.3.6. 

 

Table 2.1 shows a comparison of the BPM techniques for its process flow, 

data flow and users interaction. All the evaluated BPM techniques are having 

a clearly defined process flow except for the BUC technique. This is because 

each activity in the BUC is individually linked to the users that are involved 

and it will create a complicated structure for the process flow when the 

number of activity increases. Presenting a well organized business process 

flow to the users is important because it helps them to conduct a business 

operation in a successful manner when all the procedures are clearly defined. 

Not all the evaluated BPM techniques focus into modeling the flow of data. 

The BPM techniques that do not highlight the flow of data in its modeling are 

the RAD, EPC, BUC and the Activity Diagram in UML. Without a proper 
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modeling of the data flow, a BPM technique will not be able to present an 

accurate view of its process flow because different input and output of an 

activity will affect the implementation of a business process. For users 

interaction, the BPM techniques that present a clear and organized view are 

the RAD, CPN and BPMN. This is because the activities to be conducted by 

different users are categorized into the appropriate sections. Indicating a clear 

interaction between the users in a business process will help to identify the 

right person to provide a solution when problems occur to a business operation. 
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2.3.1 Role Activity Diagram 

Role Activity Diagram (RAD) [2] models a process based on the 

responsibility of individual participants within the process and indicates the 

interactions between them. Figure 2.1 shows an example of the RAD for 

implementing a project [47]. The activities to be conducted by users or 

executed by systems within a process are categorized into different groups in 

the RAD. This enables the business analyst to improve and revise the activities 

without influencing the entire process. As the activities are grouped together 

for the appropriate roles, the managers are able to visualize the business 

process in a clearer manner and make decision easily for improving the 

business operations. However, RAD is unlikely to be decomposed and this 

will cause too many details to be included at one level of the diagram [23]. 

Apart from this, data is not represented in the RAD and this prevents the 

business analyst from identifying the exchange of data between the 

interactions of users. 

 

2.3.2 Event Process Chains 

Event Process Chains (EPC) [8] is constructed with three fundamental 

components namely event, function, and connector. Figure 2.2 shows an 

example of the EPC for a book borrowing process [47]. The event and 

function objects have exactly one input and one output, while the connector 

objects are allowed to have multiple input and one output, or vice versa. EPC 

is implemented in the commercial software and it is supported by many 

companies that provide solutions for Enterprise Resource Planning (ERP) and 

Business Process Reengineering (BPR). Nevertheless, EPC has unclear 
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definitions for some of its components. For example, the propagation of a 

process folder at the OR and XOR connectors cannot be determined locally 

because whether a process folder can arrive at the other connector or not relies 

on the entire process flow of the EPC model [48]. Consequently, this may lead 

to failure in the execution of a business process. Lately, EPC has been 

extended to construct reference models for business processes so that standard 

business processes can be adopted at different organizations [49]. 

 

 

Figure 2.1: Role Activity Diagram [47] 

Notes: 

SOW refers to Statement of Work 
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Figure 2.2: Event Process Chains [47] 
 

2.3.3 Business Use Cases 

Business Use Cases (BUC) [4] is a diagram with textual descriptions that 

illustrate the business processes involved at providing a service to the users. 

Figure 2.3 shows an example of the BUC for a course registration process [46]. 

Since BUC is constructed using the natural language, it is easily understood 
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even by the non-technical users. It provides flexibility in usage because the 

textual descriptions can be easily updated by the business users. But this can 

also create problems to the business operations as the textual descriptions may 

be inconsistent when it is modified by different users. To avoid these problems, 

the textual descriptions can be refined by combining them with some simple 

graphical representations that provide users a clearer comprehension of the 

business process. 

 

Figure 2.3: Business Use Cases [46] 
 

2.3.4 Unified Modeling Language 

Unified Modeling Language (UML) [1] is an object-oriented modeling 

method used to specify, visualize, construct and document software and non-

software systems [23]. Figure 2.4 shows an example of the UML Class 

Diagram [50]. It consists of nine different diagrams, with each diagram 

showing a specific aspect of the system, namely Class Diagram, Object 

Diagram, Statechart Diagram, Activity Diagram, Sequence Diagram, 

Collaboration Diagram, Use-Case Diagram, Component Diagram, and 
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Deployment Diagram. It is a very good modeling technique for the system 

development team to analyze their applications and design a proper solution 

that meet the system requirements [51]. A total of 13 diagrams are available in 

UML2 but only the Activity Diagram is suitable to be used for modeling 

business processes [52]. This is because the Activity Diagram provides 

notations to model the flow of activities in a business process, especially those 

involving strategic decisions [53] whereas other diagrams are mostly used for 

modeling object-oriented systems [52]. As a result, most of the components in 

UML are rarely used for BPM. 

 

 

Figure 2.4: UML Class Diagram [50] 
 

2.3.5 Integrated Definition for Function Modeling 

Integrated Definition for Function Modeling (IDEF) [5] is a set of techniques 

used to support the business modeling needs of an organization. Figure 2.5 

shows an example of the diagram for IDEF0 [23]. IDEF has been proposed in 

response to the needs of improving the manufacturing processes of US Air 
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Force in the mid-1970s and it is grouped into different methods, namely 

IDEF0, IDEF1, IDEF1X, IDEF2, IDEF3, IDEF4 and IDEF5. Among the 

various methods, IDEF0 and IDEF3 are the most relevant versions to be used 

for business process modeling because IDEF0 specifies the function of 

processes by showing the high-level activities which can be further 

decomposed, while IDEF3 shows different views about how processes work 

together within an organization. However, these two models also consist of 

some weaknesses. IDEF0 does not indicate the roles of a participant in the 

business process and too many partial diagrams are utilized to describe a 

business process in IDEF3. 

 

 

Figure 2.5: IDEF0 Diagram [23] 
 

2.3.6 Coloured Petri Net 

Coloured Petri Net (CPN) [6] is a mathematical method that is suitable to be 

used for modeling systems which contain a lot of processes that communicate 

with one another in a synchronize manner. Figure 2.6 shows an example of the 

diagram for CPN [23]. It is recognized as the most appropriate method to be 
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used for describing and analyzing the communication, synchronization and 

resource allocation between parallel processes. Recently, the modeling 

technique of CPN has been enhanced with a timing function to represent the 

critical timing variation in a context-aware system like the collision avoidance 

system for vehicles that are moving on the road [54]. However, the models 

produced with CPN are extremely large and it is time consuming for users to 

construct the entire model of a business process. 

 

 

Figure 2.6: Coloured Petri Net Diagram [6] 
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2.3.7 Business Process Modeling Notation 

Business Process Modeling Notation (BPMN) [3] is a model that is developed 

by the Business Process Management Initiative (BPMI) based on some 

flowcharting technique. Figure 2.7 shows an example of the diagram for 

BPMN [3]. The detailed description of each component in BPMN is provided 

in Section 4.2. The ultimate aim of BPMN is to provide a standardized 

notation that is easily understood by all business users and technical 

developers for the purpose of managing business processes. 

 

BPMN is the most dominant modeling technique for business processes [55] 

where it is found to have a clearer structure and easier to use compared to 

other techniques [52]. The notations are easily understandable by all level of 

users, including the business analysts that model the processes to the technical 

developers that implement the systems for executing those processes [56]. The 

organized structure of BPMN is able to represent the interaction of business 

processes executed by different participants in a clear and simple manner. In 

addition, BPMN helps to define the business collaborations and transactions 

within and between organizations so that Business-to-Business (B2B) 

activities can be conducted easily [57]. However, BPMN does not model a 

complete flow of data to assist users in understanding how data is manipulated 

throughout the entire organization. 
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Figure 2.7: BPMN Diagram [3] 
 

2.3.8 Summary of the BPM Techniques 

Among the various types of BPM techniques, BPMN has been selected to be 

integrated into the proposed framework of this research because it provides a 

standardized notation that is easily understood by all levels of users in an 

organization for the purpose of managing business processes. Although most 

of the BPM techniques enable users to gain a clear picture of the business 

process workflow and some of them (IDEF, CPN and BPMN) model certain 

flow of data, they do not provide users the details about how data is 

manipulated throughout a business process. The way how data is captured, 

validated, processed, stored, transformed and generated is not clearly defined. 

Therefore, users are not able to visualize the entire information manufacturing 

chain that is essential to implement Total Data Quality Management (TDQM) 

and the ability to access meaningful data may be one of the major problems in 

BPM [58]. To conduct a successful BPM, it is necessary to include a detailed 

modeling of data into the BPM techniques so that users are able to access the 
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relevant data of a business process and understand how data is manipulated in 

the entire organization. 

 

2.4 Modeling of Information Processes 

The issue of data quality is a major problem faced by many organizations 

because the existence of invalid data will definitely affect the results of 

analysis for data that is manipulated by a set of information processes [59]. An 

information process includes a set of system or data processing activities that 

are executed by different types of information systems in an organization. 

Total Data Quality Management (TDQM) [60] is a practice that delivers high 

quality information to consumers of an information product by treating data 

and information much like the products found in a manufacturing environment 

of any industry. For example, TDQM is applied to the field of health care to 

reduce medical errors and thus decrease the cost and improve the caring 

service for patients [61]. To implement TDQM, the information processes of 

an organization need to be modeled in a systematic manner. Information 

Product Map (IP-MAP) is the modeling technique that implements the concept 

of TDQM. It is an extended and modified version of the Information 

Manufacturing System (IMS) and being enhanced to become the Information 

Product – Unified Modeling Language (IP-UML). The strengths and 

weaknesses of these three modeling techniques are discussed in Section 2.4.1, 

Section 2.4.2 and Section 2.4.3. 

 

Table 2.2 shows a comparison of the manufacturing for a physical product and 

an information product. In the manufacturing industry, physical products are 
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produced by processing the raw materials in the assembly line. Similarly, 

information products are produced by processing raw data with some 

information systems. The major difference is that data can be used multiple 

times by more people and not consumed, but material can only be utilized 

once for manufacturing a single physical product [62]. 

 

Table 2.2: Product vs. Information Manufacturing [62] 
 

 Product Manufacturing Information Manufacturing 

Input Raw Materials Raw Data 

Process Assembly Line Information System 

Output Physical Products Information Products 

 

In order to perform a better job for any business activities, data should be 

managed in a proper manner so that everyone is accessing the high quality and 

timely information. According to [62], four roles have been identified to 

implement TDQM in an organization; they are the Information Suppliers, 

Information Manufacturers, Information Consumers and Information Product 

Managers. Information Suppliers are the people that gather and provide data 

into the information systems for generating the information product, while 

Information Consumers are the people that receive and use the information 

product in their work. The data and systems infrastructure of an information 

product are designed, developed and maintained by the Information 

Manufacturers. Last but not least, the Information Product Managers are the 

people that manage the entire manufacturing process of any information 

product in an organization. 
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Four steps are involved in the TDQM cycle as shown in Figure 2.8 [60]: 

1. Define the Information Product 

• Information quality requirements of an information product should be 

assessed in a detailed manner. 

2. Measurement 

• Information Products (IP) should be verified to determine its fitness to 

be used by consumers of an organization. 

3. Analysis 

• Information quality problems and its effects should be identified at this 

stage. 

4. Improvement 

• Methods to improve information quality should be delivered from time 

to time. 

 

Figure 2.8: Total Data Quality Management Cycle [60] 
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Table 2.3 shows a comparison of the TDQM techniques for its process flow, 

data flow and users interaction. All the evaluated TDQM techniques do not 

present a clear process flow because the sequence of activities is not indicated 

in its modeling. The way how data is being manipulated throughout an 

organization is clearly modeled in all the three techniques. However, IMS and 

IP-MAP do not present a proper interaction among the users that are involved 

because the activities are not modeled according to the roles of users. IP-UML 

presents a clear interaction among the users by categorizing the activities to be 

conducted by different users into the appropriate sections. 

 

2.4.1 Information Manufacturing System 

Information Manufacturing System (IMS) [10] is a modeling technique that is 

developed to implement information quality management by imitating the 

product quality management in a manufacturing environment of any industry. 

Figure 2.9 shows an example of the IMS [10]. The model represents a set of 

activities (so-called information manufacturing process) that are designed to 

process the raw data in order to produce the information product where its 

timeliness, quality, cost and value are also determined. 

 

Five different components are used to describe the entire information 

manufacturing process; they are the Data Vendor Block, Processing Block, 

Data Storage Block, Quality Block and Customer Block. Each block plays a 

specific role in defining different parts of the information manufacturing 

process. The Data Vendor Block represents the input of raw data that comes 

from different sources, while the Customer Block represents the output of 



 

35 
  

information to be used by the relevant users. Any process of manipulation, 

calculation and combination for data is represented by the Processing Block. 

The Quality Block represents any validation process that is implemented to 

enhance the quality of data before it is stored into the database or file system 

which is represented by the Data Storage Block. 

 

The limitation of IMS [63] is that it focuses on calculating the quality of the 

final information product only. Therefore, TDQM is not fully supported by 

IMS where the data quality should be accessible at all phases of an 

information manufacturing process. However, IMS serves as a foundation for 

IP-MAP to be developed as a model that helps users to comprehend the 

construction of an information product. 

 

 

Figure 2.9: An Example of Information Manufacturing System [10] 
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2.4.2 Information Product Map 

Information Product Map (IP-MAP) [7] is a modeling technique used to 

implement the concept of TDQM by representing the construction of an 

information product in a systematic manner. Figure 2.10 shows an example of 

the IP-MAP [7]. It is an extended and modified version of the IMS since IMS 

does not collect or provide quality-related information in its model [64]. The 

aim of IP-MAP is to help people comprehend, evaluate and describe how an 

information product is assembled [60]. By using IP-MAP, one can visualize 

the construction of an information product and measure its quality with 

suitable dimensions in order to conduct constant improvement for the data 

quality of an organization. The detailed description of each component in IP-

MAP is provided in Section 4.3. 

 

As data becomes an important asset to the organization, it is vital to implement 

TDQM in order to ensure that high quality data is utilized by the users to 

support their decision making. The systematical representation of the 

information processes enables the users to visualize how the data is being 

captured, validated, processed, stored and generated throughout an 

organization. When they are able to identify a proper workflow of the entire 

information manufacturing chain, it helps them to apply different methods in 

manipulating the data for various business analyses and decision makings. 

Furthermore, they can gain a deeper understanding of an information process 

because metadata is provided to describe the detailed steps of data processing. 

On the other hand, IP-MAP does not model the flow of business processes that 

are closely related to the information processes in a chronological manner. Its 
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modeling is too focused on the data itself and it is detached from the objective 

and operating procedures in the organization. In other words, the human-factor 

and business-factor are missing. Consequently, when a business process is 

changed, users are not able to easily identify the underlying information 

processes that may be affected. 

 

2.4.3 Information Product – Unified Modeling Language 

Information Product – Unified Modeling Language (IP-UML) [9] is a 

framework that combines the modeling techniques of IP-MAP and UML for 

supporting the improvement of data quality in an organization. It is 

constructed with three models namely the Data Analysis Model, Quality 

Analysis Model and Quality Design Model. Figure 2.11 to Figure 2.13 show 

the examples of the three models [9]. The Data Analysis Model indicates the 

data that is available, how the data is being composed or derived in the 

information manufacturing process. The Quality Analysis Model specifies the 

requirements of quality that need to be fulfilled by each type of data while the 

Quality Design Model links the data and processes together for supporting 

data quality improvement. 
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By integrating IP-MAP and UML into the IP-UML framework, users are able 

to identify the relationships and dependencies among different type of data, 

distinguish the quality requirements of data for different quality dimensions, 

and recognize the combination of data and processes that are involved for 

quality improvement. However, even though IP-UML has utilized the 

swimlanes object to separate the processes into different sections for replacing 

the Information System Boundary block and Business Boundary block in IP-

MAP, it still does not present a standardized notation that is easily understood 

by all level of users compared to BPMN. 

 

 

Figure 2.11: An Example of the Data Analysis Model in IP-UML [9] 
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Figure 2.12: An Example of the Quality Analysis Model in IP-UML [9] 
 

 

Figure 2.13: An Example of the Quality Design Model in IP-UML [9] 
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2.4.4 Summary of the TDQM Techniques 

Among the three TDQM techniques, IP-MAP has been chosen to be integrated 

into the proposed framework of this research to implement TDQM because it 

presents a systematical representation of the processes that are involved in the 

manufacturing of an information product. In spite of the fact that TDQM is 

able to deliver high quality information to the users when all the information 

processes that are involved in manipulating the data is properly modeled, all 

the three TDQM techniques still lack the modeling for the business processes 

that may affect the quality of data that is captured into the systems of an 

organization. The change of a business process flow will indirectly cause an 

effect on the requirements of data that is supposed to be captured or generated. 

Thus, it is necessary to include the modeling techniques of BPM into TDQM 

so that the business processes that are closely related to a set of data can be 

properly modeled in order to produce high quality information to the users. 

 

2.5 Metadata for Business Intelligence 

Metadata is generally defined as the data about data [65] and its role is to 

provide details or explanation for some data in a data warehouse. The 

challenge of BI is to extract real intelligence from the huge amount of data that 

is entering the system in our daily business transactions and BI is more than 

just capturing and extracting data around [38]. In order to extract useful data 

for business analysis, metadata is definitely required to be made available in a 

data warehouse so that the management users are able to identify the real 

meaning of data before utilizing it for any business decision making. Since the 

importance of metadata has been emphasized by most of the enterprises that 
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view data as a valuable asset of the organization [66], we have included 

metadata into the implementation of the proposed BI framework. This section 

discusses about the significance and implementation of metadata for the 

current BI solutions. 

 

Metadata can be classified in many different ways like the technical and 

business metadata, back-end and front-end metadata, and metadata categorized 

based on its functionality [26]. The business metadata will provide the 

meaning of data to business users, and the technical metadata is meant for the 

team that is responsible to develop and administer the data warehouse. 

Similarly, the back-end metadata is used to describe the data storage and 

processing, and the front-end metadata is used to describe the method of 

information delivery and usage. Metadata that is grouped based on its 

functionality is used to describe data in various aspects like infrastructure, 

model, process, quality, delivery, and administration. 

 

Metadata provides a few significant functionalities [65] towards the 

implementation of BI in an organization. First, it helps managers and business 

analysts to understand the data before they can analyze the information that 

has been retrieved with the appropriate queries to make decision for their 

business. Apart from this, metadata provides users the details for building a 

robust data warehouse because developers need to know the data structures, 

source-to-target mappings and rules of data transformation as they construct 

the data extraction, transformation and loading (ETL) processes. In addition, 
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metadata is also important for administering the data warehouse since most of 

the data warehouses are complex and huge in size. 

 

Figure 2.14 shows the application of metadata in a BI environment. The 

perceived quality of data is affected by the applications and users of data 

because the same data may be viewed at different perspectives by different 

people in different situations [64]. If the meaning of data is understood 

wrongly by users during the decision making process, it may cause severe 

consequences to the business of an organization. Therefore, metadata should 

be implemented properly at various parts of a BI system in order to ensure that 

data is utilized correctly for any case of business decision making. 

 

 

Figure 2.14: Metadata in a BI Environment [67]. Metadata should be 
implemented properly at various phases of a BI environment like the 
data source, data transformation process, data warehouse, data 
analysis, and information reporting stages. 
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CHAPTER 3 

 

 

RESEARCH METHODOLOGY 

 

 

3.1 Introduction 

Selecting a suitable methodology is important for producing quality results in 

a research. In this chapter, we discuss about the research methodology that we 

have adopted in pursuing the research in this thesis. There exists different 

types of methodologies [68] such as Math Modeling, Experimental Simulation, 

Laboratory Experiment, Free Simulation, Field Experiment, Adaptive 

Experiment, Field Study, Group Feedback Analysis, Opinion Research, 

Participative Research, Case Study, Archival Research, and Philosophical 

Research. We have selected the Design Science Research approach [69] to 

perform a systematic investigation on integrating the two models of Business 

Process Modeling Notation (BPMN) and Information Product Map (IP-MAP). 

 

3.2 Design Science Research 

Design Science Research [69] is a methodology that involves the design of 

artifacts and analysis of its functionalities in order to improve the performance 

of an information system. For example, the artifacts include algorithms, 

programming languages, software or system interfaces, system analysis and 

design methodologies, and process or data models. In general, a Design 

Science Research method consists of a few phases like artifacts design, 

development, analysis and assessment. The ultimate aim of this method is to 

acquire the knowledge and understanding of a problem and solution through 
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the development and application of some new and innovative artifacts. Table 

3.1 provides seven guidelines that are derived from the fundamental principle 

of Design Science Research for researchers to conduct their research using this 

methodology in a successful manner. 

 

Table 3.1: Design Science Research Guidelines [70] 
 

Guideline Description 

1. Design as an Artifact Workable artifact must be developed in the 

form of an instantiation, a method, a model, 

or a construct. 

2. Problem Relevance The purpose of this methodology is to 

construct technical solutions for the 

appropriate business problems. 

3. Design Evaluation The usefulness and effectiveness of a design 

artifact need to be thoroughly evaluated. 

4. Research Contributions Contributions in the areas of artifact design 

must be clearly provided and provable. 

5. Research Rigor Precise methods should be applied for the 

development and evaluation of the design 

artifact. 

6. Design as a Search Process Research should be conducted iteratively in 

order to search for a best design for the 

problems in information systems. 

7. Communication of Research The technical users and business users must 

be able to comprehend the work of research. 

 

3.3 Research, Development and Evaluation 

This research follows the Design Science Research approach and comprises 

the development and evaluation of an artifact. The artifact that has been 

designed and developed is an integrated framework for Business Intelligence 
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(BI) systems (Guideline 1 – Design as an Artifact). To verify the usefulness of 

the artifact, purposive sampling is applied where the appropriate evaluators for 

the artifact are specifically selected instead of randomly [71]. Rather than 

conducting a statistical sampling, replication logic is performed by having the 

framework implemented for two organizations. It is implemented for the 

Subject Pre-Registration of Faculty of Information and Communication 

Technology (FICT) at Universiti Tunku Abdul Rahman (UTAR) and a few 

processes in an online job recruitment firm. 

 

The purpose of this research is to address the problem of users who do not 

fully understand the manufacturing process of a BI product and the actual 

meaning of data that is available to them, and to provide a better support for 

the users in their decision making (Guideline 2 – Problem Relevance). In order 

to achieve this, the salient modeling and management techniques from BPMN 

and IP-MAP are integrated in a hierarchical fashion for users to visualize the 

relevant business processes and information processes of a BI product 

(Guideline 5 – Research Rigor). 

 

The management users that have evaluated the framework are listed in Table 

3.2. The framework is evaluated by them via a number of in-depth and semi-

structured interviews (Guideline 3 – Design Evaluation). Each interview 

session lasted for about 1 to 1.5 hours. Two sets of survey questionnaires have 

been designed to gather some feedbacks from the management users in order 

to evaluate the functionalities of the framework. The survey questionnaires are 

attached in Appendix A and Appendix B. 
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To establish the quality of this research, the criteria that have been 

investigated are construct validity, internal validity, external validity, and 

reliability [72]. In order to implement construct validity, the survey 

questionnaires are carefully designed so that the evaluators are able to provide 

the relevant feedback. To achieve internal validity, the evaluators are briefed 

about the functionalities of the framework and given the opportunity to 

perform hands-on testing before answering a series of questions to evaluate its 

usefulness. For external validity, the framework is evaluated by the 

management users from two organizations of different backgrounds, with one 

in the academic and the other in the industry. Last but not least, to ensure 

reliability, the framework is evaluated by the evaluators who are well 

experienced in their field of management so that constructive feedback can be 

gathered to refine the designed artifact for future works. Such a build-and-

evaluate loop will iterate several times before the final design artifact is 

generated (Guideline 6 – Design as a Search Process). 

 

The major contributions of this research include the integration of business 

and information processes, enhancement of data quality and implementation of 

time management (Guideline 4 – Research Contributions). Users are able to 

make informed decision when the models of BPMN and IP-MAP are being 

integrated to construct a framework that maps the business and information 

processes together. The details of this contribution are described in Chapter 4. 

Apart from this, users are able to identify the importance of different data 

attributes and gain a more realistic data quality computation when the weight 

of each data attribute is automatically calculated by the framework. 
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Furthermore, users are able to perform time management at a two-layered 

framework where the timeliness details of each process are summarized from 

the information process layer to the business process layer. The details of 

these contributions are described in Chapter 5. Moreover, the framework will 

enable the technical users to understand the business considerations that 

underlie certain data while the business users are able to obtain insights into 

the logic used to generate a BI product (Guideline 7 – Communication of 

Research). 

 

Table 3.2: Research Participants in the Case Organizations 
 

Universiti Tunku Abdul Rahman 

Participant Designation 

1 Dean 

2 Deputy Dean 

3 Deputy Dean 

4 Deputy Dean 

5 Head of Department 

6 Head of Department 

7 Head of Department 

8 Former Head of Department 

9 Former Head of Department 

10 Course Coordinator 

Online Job Recruitment Firm 

Participant Designation 

1 Chief Executive Officer 

2 Chief Information Officer 

3 Chief Operations Officer 

4 Chief Technology Officer 

5 Regional Process Improvement Manager 

6 Quality & Admin Manager 

7 Management Information Systems Manager 
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3.4 Chapter Summary 

The Design Science Research approach is selected as the methodology to 

conduct this research. An integrated framework for BI systems is designed and 

developed for two organizations in order to demonstrate the functionalities of 

the framework. To confirm the usefulness of the functionalities, the 

framework is evaluated by the management users through a few sessions of 

interviews where two set of survey questionnaires are prepared to gather their 

feedbacks. The evaluation results will serve as a guide for future research to 

further improve the framework. 
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CHAPTER 4 

 

 

INTEGRATION OF BPMN AND IP-MAP 

 

 

4.1 Introduction to Business and Information Processes 

The major objective of Business Intelligence (BI) is to provide actionable 

information (so-called BI product) to the management users so that they can 

perform appropriate analysis for their decision making in the organization [41]. 

Examples of BI products include any kind of reporting information like sales 

performance, financial status, inventory control and others. BI products are 

usually presented to the users in various forms of graph, chart or table. Having 

the ability to analyze the historical and current data will enable users to 

identify a better solution for a complicated problem. However, a lot of 

processes are involved in constructing the BI products throughout the entire 

organization. This encompasses the processes for data entry, data validation, 

data processing, data transformation, data generation and any business activity 

or operating procedure that is related to the development of the BI products. It 

is crucial to identify all the relevant processes because any change in a process 

has an effect on the BI products. As the workflow of a process is changed, the 

reporting information of a related BI product may not be accurate for decision 

making if the procedures of constructing the data for the BI product is not 

updated accordingly. 

 

Since data plays an important role for providing insight to the users, it is 

necessary to correctly model all the relevant processes that are involved in 
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constructing the BI products. In general, these processes can be categorized as 

the business process and information process. A business process includes 

various business activities or operating procedures that are performed by 

different employees of an organization to achieve a business objective, 

whereas an information process includes the system or data processing 

activities that are executed by different types of information systems. In order 

to produce BI products with actionable information for decision making, it is 

useful to integrate the techniques of Business Process Modeling (BPM) and 

Total Data Quality Management (TDQM) into the BI systems of an 

organization. This is because BPM provides users a proper way of modeling 

the business processes while TDQM gives users the appropriate method of 

modeling the information processes and ensuring high quality data to be used 

for supporting their decision making. Among the various types of BPM and 

TDQM techniques, Business Process Modeling Notation (BPMN) and 

Information Product Map (IP-MAP) have been selected to develop the 

integrated framework. The reasons of selecting these two models have been 

discussed in Section 2.3.7 and Section 2.4.2. 

 

This chapter is organized as follows. First, a brief introduction to BPMN and 

IP-MAP are provided in Section 4.2 and Section 4.3 respectively. Then, 

Section 4.4 describes the functionalities and advantages of the proposed 

framework in this research. Finally, Section 4.5 discusses the results of 

evaluation conducted by some management users for the framework. 
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4.2 Introduction to Business Process Modeling Notation 

Business Process Modeling Notation (BPMN) [3] is a modeling technique that 

is based on the flowcharting method. It is enriched with notations that are 

specifically designed to perform Business Process Modeling (BPM) in order to 

manage the business processes of an organization. The model is developed 

using simple notations that are easily understood by different levels of users at 

both the business and technical areas. With BPMN, users are able to simply 

identify the flow of activities and the interaction among all the participants in 

a business process. This enables an organization to execute or improve its 

business operations in a quick and easy manner. 

 

The elements of BPMN can be categorized into four basic groups like Flow 

Objects, Connecting Objects, Swimlanes, and Artifacts. The function of each 

element in the four groups is briefly described from Table 4.1 to Table 4.4. 

The elements in the Flow Objects group are used to describe the occurrence of 

events and the execution of activities in a business process. Connecting 

Objects group contains elements that connect all the objects together in order 

to indicate the flow and dependencies among the events and activities. The 

elements in the Swimlanes group categorize the activities to be conducted by 

different users into separate sections so that the interaction between all 

participants that are involved in a business process can be easily identified. 

Artifacts group contains elements that are used to include additional 

information about how the activities are executed in a business process. Even 

though BPMN consists of many notations, users are not required to understand 

all of them in order to construct a useful BPMN diagram [46]. 
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Table 4.1: BPMN Flow Objects [3] 
 

Flow Objects Function 
 

Event 
 

- Event is something that happens during the 

execution of a business process and it is 

categorized as Start, Intermediate, and End. 

 
 

Activity 
 
 
 
 

 

- Activity is the work performed in a business 

process. 

 

Gateway 
 
 
 
 

 

- Gateway is used to control the direction of flow 

for the activities in a business process. 

 

Table 4.2: BPMN Connecting Objects [3] 
 

Connecting Objects Function 
 

Sequence Flow 
 

- Sequence Flow shows the order of activities 

being performed in a business process. 
 

Message Flow 
 

 
 

 

- Message Flow shows the communication of 

messages between two different parties. 

 

Association 
 

 
 

 

- Association is used to indicate the inputs and 

outputs of an activity. 

 

 

 

 

 

 

 

Start 

Intermediate 

End 
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Table 4.3: BPMN Swimlanes [3] 
 

Swimlanes Function 
 

Pool 
 

- A participant in a process is represented by a 

pool that acts as a graphical container for 

separating a set of activities. 

 

Lane 
 
 
 
 
 
 
 

 

- The sub-section of a pool is called a lane and it 

separates the pool, either vertically or 

horizontally. 

 

Table 4.4: BPMN Artifacts [3] 
 

Artifacts Function 
 

Data Object 

 
 

 

- Data Object shows the data that is captured or 

generated by an activity. 

 

Group 
 
 
 

 

- Group categorizes a set of activities together 

for the purpose of documentation or analysis. 

 

Annotation 
 
 
 

 

- Annotation provides extra details about an 

event or activity. 

 

Figure 4.1 shows an example of BPMN for an invoice approval process [73]. 

Three users are involved in this business process and they are the accounting 

department, first approver and second approver. All the processes are 

categorized into separate sections with the swimlanes object in order to show 

the user that is responsible to execute it. The start event object indicates that 

the process will begin when an invoice is received by the accounting 
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department. The entire workflow of the invoice approval process is 

represented in a logical manner with the activity object, sequence flow object 

and gateway object. The end event object indicates that the process is finished 

when the invoice is booked. 

 

 

Figure 4.1: An Example of BPMN for Invoice Approval Process [73] 
 

4.3 Introduction to Information Product Map 

Information Product Map (IP-MAP) [7] is a modeling technique for 

representing the manufacturing processes of the information products 

available in an organization. In IP-MAP, information is being managed like a 

product in order to implement Total Data Quality Management (TDQM). With 

IP-MAP, users are able to visualize the entire information manufacturing 

chain and identify the critical parts that may create data quality problems. 

 

The function of each building block in the IP-MAP model is briefly described 

in Table 4.5. The Source and Customer blocks play the role of indicating the 
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origin and destination of data so that users are able to identify all the providers 

and consumers of data. The Processing, Data Quality and Decision blocks are 

used to show the processes that the data has gone through and its flow from 

one place to another based on different scenarios. The Data Storage, Business 

Boundary and IS Boundary blocks specify where the data is being stored or 

transferred throughout the organization. 

 

Table 4.5: IP-MAP Building Blocks [60] 
 

Building Blocks Function 
 

Source Block 
 

 
 

 

- Represents the source of raw data or input. 

 

Customer Block 
 

 
 

 

- Represents the consumer of an information 

product. 

 

Processing Block 

 

 

 

- Represents any manipulations, calculations, 

or combinations involving the raw input data 

or component data. 

 

Data Quality Block 
 

 
 

 

- Represents the checks for data quality on data 

items. 

 

Decision Block 

 

 

- Used to capture different conditions to be 

evaluated and direct it to the appropriate 

procedures. 

 

Data Storage Block 
 

 
 

 

- Represents the capture of data in storage files 

or databases. 
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Table 4.5 continued: IP-MAP Building Blocks [60] 
 

Building Blocks Function 

 

Business Boundary Block 
 

 

 

- Represents instances where the raw input 

data or component data are “handed over” by 

one business (organizational) unit to another 

unit. 
 

IS Boundary Block 

 

 

- Used to reflect the changes to raw or 

component data as they move from one 

information system to another information 

system. 

 

Figure 4.2 shows an example of IP-MAP for a patient’s treatment history in a 

health care environment [7]. The Lab Radiology Reports (DS5), Surgical Unit 

(DS6), Specialist (DS7) and Attending Physicians (DS8) are the data providers 

that supply raw data to the system. The Care Providers (CB2) are the doctors 

or nurses that play the role of data consumers and they receive the patient 

treatment history as the information product. Processes that are involved can 

be categorized as the data capturing process (P6, P7, P8, P9), data validation 

process (QB3, QB4) and data generation process (P10). In TDQM, it is the Data 

Quality Block that enforces the implementation of data quality. The data 

validation process helps to capture quality data into the system by verifying 

and matching the data with the appropriate criteria before it is stored into the 

database (STO2). In this example, the diagnostic results are matched with the 

patient records before it is being stored into the database. Apart from this, the 

data is transferred (BB1) from the surgical unit to the patient care unit and it is 

also converted (SB4, SB5) from paper format to electronic form. As the 

information processes are represented in a systematic manner, organizations 
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will be able to implement TDQM. The implementation details of TDQM are 

provided in Section 2.4. 
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4.4 Proposed Framework: Business Intelligence Product Map 

In this research, the significant modeling and management techniques of 

Business Process Modeling Notation (BPMN) and Information Product Map 

(IP-MAP) are being integrated to construct the Business Intelligence Product 

Map (BIP-MAP). BIP-MAP consists of two layers, the first layer models the 

business processes of an organization while the second layer models the 

underlying information processes that are utilized to generate the BI products 

within a business process. Figure 4.3 shows the hierarchical architecture of 

BIP-MAP. At the first layer, the management users are able to visualize the 

entire workflow of a business process and identify all the BI products that can 

provide them useful information for business analysis and decision making. 

Before making a decision based on the available data, they can access the 

second layer to visualize the information process and further understand the 

actual meaning of data by referring to the metadata. 

 

 

Figure 4.3: The Hierarchical Architecture of BIP-MAP 
 

To facilitate further discussion, for the remaining of this thesis, a real example 

is used to demonstrate the structure and functionalities of the proposed 

framework. BIP-MAP is implemented for the Subject Pre-Registration at the 
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Faculty of Information and Communication Technology (FICT) in Universiti 

Tunku Abdul Rahman (UTAR). First, we give a brief introduction to the 

subject pre-registration activity. In each trimester, students are required to pre-

register for the subjects they wish to study in the next trimester. The process 

commences as a series of activities engaged by different participants. Initially, 

the course structure of a programme is constructed by the Curriculum Design 

Committee (CDC) and reviewed by the Faculty Academic Development and 

Curriculum Committee (FADCC). Then, the Faculty Board (FB) will review 

the course structure again before the University Academic Development and 

Curriculum Committee (UADCC) recommends it to the Senate for approval. 

If the course structure is approved, the Faculty General Office (FGO) will 

create the course structure and enter the details of all subjects into the system. 

To commence the procedure of subject pre-registration, the FGO will prepare 

the projected student number for each subject based on the actual registration 

figure of the previous trimester. After that, the Head of Department (HOD) 

will refer to the projected student numbers to allocate classes and assign 

lecturers or tutors for each subject so that the students can pre-register the 

subjects that they prefer to study in the next trimester. If any changes are 

required for their pre-registered subjects, they are still allowed to add, drop or 

withdraw any subject in the next trimester. 

 

4.4.1 BIP-MAP Layer 1: Business Process Modeling for BI Product 

The main focus of BI is to transform data into knowledge by providing 

actionable information to the management users as a guideline to assist them 

in decision making. The actionable information is termed as a BI product in 
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this thesis. A BI product includes any type of information that is presented to 

the users in different types of graph, chart or table. The information included 

in a BI product is constructed with a lot of raw data that is extracted from 

various parts of a data warehouse. Numerous tools have been developed to 

generate various forms of BI products to help users analyze the large volume 

of corporate data in a visualize manner. But the current BI technology has 

neglected the modeling of some important underlying processes that may 

affect the data in a BI product. 

 

In today’s competitive environment, it is common for the business processes 

of an organization to be changed from time to time. The change of business 

processes may cause some systems and applications to be updated as well in 

order to support the new business operations. As the systems and applications 

are changed, the data that is generated into the BI product may not be correct 

anymore if the procedure of constructing the data for the BI product is not 

updated accordingly. The current BI systems do not have any mechanism to 

keep track of such changes. Therefore, the technique of Business Process 

Modeling (BPM) is proposed to be incorporated into a BI system to indicate 

‘what’ BI products are available, ‘where’ and ‘when’ they are produced and 

‘why’ they are required by the users, especially when the business processes 

are changing rapidly with the business environment. The details about ‘how’ 

the BI product is generated are described in the information process layer at 

Section 4.4.2. 
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Figure 4.4: BIP-MAP Layer 1. This layer is constructed based on 
BPMN. The BI products generated at BIP-MAP Layer 2 are 
summarized onto this layer so that users are able to gain an overview 
of all the BI products that are available in the entire business process. 

 

 
 
Figure 4.5: BIP-MAP Layer 2. This layer is constructed based on IP-
MAP. Process B1 in Figure 4.4 is mapped to components I1, I2 and 
I3 where the student pre-registration report is generated by process 
P9 from data warehouse STO2 for the HODs. 
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Figure 4.4 shows the first layer of BIP-MAP for the subject pre-registration of 

FICT in UTAR. The first layer of BIP-MAP is constructed based on BPMN 

and it is used to model the business processes of an organization. In [3], 

BPMN breaks down a business process into a set of activities so that the 

management users are able to acquire a deeper understanding of the entire 

business process. In this thesis, the term ‘activity’ is substituted with the term 

‘process’ at the business process layer in order to be standardized with the 

terminologies with the terminologies used for the information process layer in 

Section 4.4.2. 

 

Integrating BPMN into a BI system has the following advantages. First, it 

enables the users to visualize a proper workflow of the processes by 

identifying its appropriate order and dependencies when a business process is 

segregated into multiple processes. Second, it enables the users to easily 

recognize the interaction between different participants and processes when 

they are grouped into separate sections with the swimlane object. It is 

important to clearly define all the processes and participants that are involved 

in a business process because an enterprise can be analyzed and integrated if 

its business processes are being modeled correctly [23]. When BPMN is 

integrated into a BI system, the BI products that are generated at the 

information process layer (BIP-MAP Layer 2) can be summarized onto the 

business process layer (BIP-MAP Layer 1) as an icon attached to a process. 

This enables users to gain an overview of ‘what’ BI products are available in 

the entire business process. Locating the BI products at the appropriate parts 

of BIP-MAP Layer 1 allows users to identify ‘where’ a BI product is produced 
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and ‘when’ it is generated. Each BI product provides actionable information 

that serves a different purpose in decision making. As the users access the BI 

products, they are able to understand ‘why’ a BI product is required when the 

processes that are related to the BI product are represented in an orderly 

manner at BIP-MAP Layer 1. Thus, the integration of BPMN into a BI system 

helps users to update the BI products accordingly when there is a change in the 

business process so that the actionable information provided by the BI 

products is still relevant for the business operations and remains valid to be 

used for decision making. 

 

BIP-MAP Layer 1 will be the main interface used by management users to 

navigate the proposed system where the information processes, data and BI 

products are organized based on business processes. Referring to Figure 4.4, 

when the management users click on any process with a dotted line boundary 

at BIP-MAP Layer 1, the process will be highlighted and a navigation bar that 

consists of a few links will appear on top of the screen. The Information 

Process link allows them to access the information process that is mapped to 

the business process and the Dashboard link allows them to access the BI 

products in various forms of graph or chart. The Retrieve Data link allows 

users to conveniently retrieve all the detailed data that is related to a process 

when it is necessary. 

 

Figure 4.6 shows an example of the BI Dashboard that compares the projected 

student number and actual student number for a subject pre-registration in one 

of the trimesters. It helps the users to estimate a more accurate projection for 
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the subject pre-registration of students based on the figures in the previous 

trimester. For example, the projected number of students will be highlighted in 

red if its figure is 10% less than the actual student number. If the projected 

student number is 10% more than the actual student number, it will be 

highlighted in yellow. Using the appropriate highlighting in the BI products 

will provide useful alerts to the users. Apart from this, they can also drill down 

from the BI Dashboard to view the data in a more detailed manner by clicking 

the individual graph bar of the actual student number. One of the examples of 

drilled down data is shown in Figure 4.7. 

 

Figure 4.8 shows an example of the data that can be retrieved for a process 

when the users click on the Retrieve Data link at the navigation bar on top of 

BIP-MAP Layer 1. Allowing the users to retrieve the detailed data of a process 

will enable them to discover more data that can be utilized to generate useful 

BI products. 
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Figure 4.6: BI Dashboard. The BI products are presented to the users 
in various forms of dashboards where the users can drill down at 
different parts to retrieve more detailed information as shown in 
Figure 4.7. 

 

 

Figure 4.7: Drilled Down Data of BI Product. Users are able to view 
detailed data of the BI product by clicking on different portions of the 
graph or chart. 
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Figure 4.8: Retrieve Data Module. Users are allowed to conveniently 
retrieve all the detailed data that is related to a business process when 
it is necessary. 

 

4.4.2 BIP-MAP Layer 2: Information Process Modeling for BI Product 

The second layer of BIP-MAP is used to model the ‘how’ aspect of the BI 

system. Figure 4.5 shows the second layer of BIP-MAP for the subject pre-

registration of FICT in UTAR. It is constructed based on IP-MAP [7] and 

being used to model the underlying information process that is utilized to 

generate the BI products within a business process. When the management 

users click on any process with a dotted line boundary at the first layer of BIP-

MAP, the second layer of BIP-MAP will be invoked and the relevant 

information process for that particular business process will be highlighted. 

 

By referring to the second layer of BIP-MAP, users are able to discover the 

mapping between a business process and its information process. Identifying 

the appropriate mapping of these two types of processes will help users to 
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visualize the entire information manufacturing chain. When the information 

manufacturing chain of the BI products are properly modeled with the detailed 

data processing steps as described in Figure 4.5, users can easily identify how 

the data is being captured (P1, P3, P6), validated (Q1, Q2, Q3), processed (P2, 

P4, P5, P7), stored (STO1, STO2), transformed (P8) and generated (P9, P10, 

P11) throughout the organization. Apart from this, users are able to understand 

the system architecture of their organization. For example, they can identify 

the database and data warehouse that are utilized for data storage and 

recognize the data transformation steps for transferring the data from the 

database to the data warehouse. Having a proper understanding of the data 

processing steps will enable users to utilize the data for generating BI products 

that are more applicable to support their decision making. For instance, a 

manager who has a complete picture of the available data in the organization 

will be able to extract the appropriate data to be used for a specific case of 

decision making. 

 

In the original IP-MAP [7], a standardized set of metadata is implemented at 

each building block for users to identify the department or role that is 

responsible in managing the data, location of the data, rules or procedures 

related to the data, data elements that compose the entire data set, and the base 

system (paper-based or electronic) of the data. But the metadata is not 

specifically categorized into different groups based on the functionality of 

each building block. If the data processing steps are not described in a specific 

manner with the relevant metadata, users will not be able to understand the 

details of the entire information manufacturing chain and this will cause the 
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failure to use the right data for decision making. Therefore, in BIP-MAP, 

metadata is categorized into a few groups such as Metadata for Data 

Validation, Metadata for Data Transformation, Metadata for Data Generation 

and Metadata for Database and Data Warehouse to describe the different 

phases of a BI environment. 

 

Referring to Figure 4.5, when the management users click on any component 

with a dotted line boundary at BIP-MAP Layer 2, a navigation bar that 

consists of two links will appear on top of the screen. The Metadata link 

allows users to access some information that describes the selected component. 

By referring to the metadata, both business users and technical users are able 

to gain a deeper understanding for the building blocks in the information 

manufacturing chain. In our approach, we differentiate different types of 

metadata for different information processes. The information processes are 

categorized based on the different stages of data processing, for example, data 

validation, data transformation, data generation and data warehousing. 

 

Figure 4.9 shows an example of the Metadata for Data Validation. This 

metadata defines how data is being validated when it is being captured into the 

systems. As users know in detailed about how the data should be validated, it 

helps to capture data that is more useful into the systems. For example, 

referring to Figure 4.9, when performing data validation, users may need to 

find out what is the meaning of the various fields (Description), what is the 

valid range of inputs (Condition), how critical the data is (Compulsory), and 

the choices that are available for the data (Option). If any problem happens 
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towards the validation of a set of data, users are able to identify the person 

(Data Steward) that is responsible in managing the data and its business rules. 

The solution for a business issue can be provided in a faster manner if the 

relevant person-in-charge for a set of data is identified easily. For instance, to 

validate the units to be offered for subject pre-registration, the field ‘Unit 

Code’ for a particular subject may be limited to a certain batch of students 

(Condition) and this field is critical (Compulsory) and the range of inputs for 

the ‘Unit Code’ field (Option) is the list of all subjects offered by the faculty 

under the administration of a faculty officer (Data Steward). 

 

 
 

Figure 4.9: Metadata for Data Validation. The main objective of this 
metadata is to define the conditions that need to be fulfilled by the 
data and indicate whether the data is compulsory to be entered by the 
users. 

 

Figure 4.10 shows an example of the Metadata for Data Transformation. This 

metadata serves as a useful reference for technical people like the database 

administrators and software developers since it provides the details for 
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transformation of data from a database into a data warehouse. Understanding 

the data transformation process allows users to identify a better 

implementation of the Extract, Transform and Load (ETL) Process for data 

migration. For example, referring to Figure 4.10, users are able to identify the 

source (Database) and destination (Data Warehouse) of data, and understand 

the rules and procedures (ETL Process) that are involved in extracting, 

transforming and loading the data from a database into a data warehouse. For 

instance, to transform the subject pre-registration data from the database into 

the data warehouse, the database tables and type of storage for data (Database 

and Data Warehouse) are provided together with the procedures of counting 

the students (ETL Process) that have registered for each subject according to 

their exam session, course, academic year and trimester. 

 

 
 

Figure 4.10: Metadata for Data Transformation. The main objective 
of this metadata is to provide a detailed set of rules and procedures 
that are involved in the data transformation process so that users can 
improve the implementation of ETL process for data migration. 
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Figure 4.11 shows an example of the Metadata for Data Generation. This 

metadata describes the steps and criteria that are used to generate a BI product 

from the systems for reporting. For example, referring to Figure 4.11, 

management users are able to identify the default rule and optional rule 

(Report Generation Process) that are involved in generating the data of a BI 

product, and recognize how the data is stored (Data Warehouse) and presented 

(Report Structure) in the BI Dashboard. This enables them to identify 

additional data that may be more applicable to their decision making. For 

instance, to generate the subject pre-registration data from the data warehouse, 

the default rule is to calculate the actual number and projected number of the 

Year 1 Computer Science students for all the subjects in the previous trimester. 

Optionally, users are also allowed to select the subject pre-registration data of 

the students for other courses, trimesters and academic years. 

 

 
 

Figure 4.11: Metadata for Data Generation. The main objective of 
this metadata is to enable users to understand the steps and criteria 
used for generating a BI product so that additional data that is more 
applicable to their decision making can be identified easily. 

 

Figure 4.12 shows an example of the Metadata for Database and Data 

Warehouse. This metadata serves as a useful reference for users to improve 

the corporate data governance when a detailed description of each data 
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attribute is provided to them. With the use of metadata in data governance, 

companies are able to implement accountabilities to manage the quality of 

data at a corporate-wide level [74]. For example, referring to Figure 4.12, 

users are able to identify the person (Data Custodian) that is responsible in 

managing the data and its technical rules. The solution for a technical issue 

can be provided in a faster manner if the relevant person-in-charge for a set of 

data is identified easily. Apart from this, users are able to find out what is the 

meaning of each field (Description), what are the various input methods of 

data (Input Type), where does the data come from (Data Source), how it is 

being stored (Data Type) and what it is representing (Data Code). It is 

essential for users to understand the meaning of data so that the data will not 

be misinterpreted for decision making. 

 

 

 
 

Figure 4.12: Metadata for Database and Data Warehouse. The main 
objective of this metadata is to provide a detailed description of each 
data attribute in the database and data warehouse so that users are 
able to implement data governance at a corporate-wide level. 

 



 

74 
  

4.5 Evaluation and Discussion 

In order to confirm the usefulness of integrating the BPMN and IP-MAP 

models, two surveys have been conducted to gather some feedback from the 

management users. Section 4.5.1 discusses the feedback of survey conducted 

at Universiti Tunku Abdul Rahman and Section 4.5.2 discusses the feedback 

of survey conducted at an online job recruitment firm. 

 

4.5.1 Case Study I 

BIP-MAP is compared against the original BPMN and IP-MAP models for the 

subject pre-registration of FICT in UTAR. A total of ten members from the 

faculty management committee have evaluated the framework. The evaluators 

are briefed about the functionalities for each of the three models. Then, they 

answered a series of questions to evaluate the performance of each model. The 

survey questionnaire has been devised carefully to verify the usefulness of 

integrating BPMN and IP-MAP and to show how the different features in the 

two models complement each other. It is attached in Appendix A. 

 

Table 4.6 provides a brief summary of the features that are evaluated for the 

three models with an average rating from all the ten evaluators. The features of 

the three models are evaluated one after another using the five-point likert 

scale. As the evaluators rated the usefulness of each feature in BPMN, they 

checked whether the same feature is available in IP-MAP. Similarly, as they 

evaluated the features in IP-MAP, they also checked whether the same 

features are available in BPMN. In other words, cross-checking is performed 

in order to determine whether the two models complement each other. 



 

Table 4.6: Features Evaluated in BPMN, IP
 

1. Process Segregation
Breaks down a business process into a set of 
sub-processes.

2. Workflow Visualization

Helps users to visualize the workflow of 
processes and identify the appropriate order 
and dependencies among 

3. Users Interaction
Allows users to easily identify the interaction 
between all participants that are involved in a 
business process.

 

1. Information Product

Enable users to visualize all the information 
products in an information process.

2. System Architecture
Helps users to understand how data is 
processed and stored in the database.

3. Data Processing

Allows users to 
steps to generate the information reports.

 

BIP

1. Process Mapping

Mapping the business processes (BPMN) 
with information processes (IP

2. BI Dashboard
Bringing the information product (BI 
Dashboard) from the BIP
MAP) into Layer 1 (BPMN).

3. Data Retrieval
Retrieving and viewing detailed data related 
to a business process and an information 
product at the 1st layer 

 Symbol 
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: Features Evaluated in BPMN, IP-MAP and BIP-MAP 

BPMN 

Feature Usefulness 

Process Segregation 
Breaks down a business process into a set of 

processes. 

 
(4.30) 

Workflow Visualization 

Helps users to visualize the workflow of 
processes and identify the appropriate order 
and dependencies among the processes. 

 
(4.50) 

Users Interaction 
Allows users to easily identify the interaction 
between all participants that are involved in a 
business process. 

 
(3.80) 

IP-MAP 

Feature Usefulness 

Information Product 

Enable users to visualize all the information 
products in an information process. 

 
(4.10) 

System Architecture 
Helps users to understand how data is 
processed and stored in the database. 

 
(3.70) 

Data Processing 

Allows users to visualize the data processing 
steps to generate the information reports. 

 
(3.8) 

BIP-MAP (Additional Features in BIP-MAP) 

Feature Usefulness 

Process Mapping 

Mapping the business processes (BPMN) 
with information processes (IP-MAP). 

 
(3.80) 

BI Dashboard 
Bringing the information product (BI 
Dashboard) from the BIP-MAP Layer 2 (IP-
MAP) into Layer 1 (BPMN). 

 
(4.00) 

Data Retrieval 
Retrieving and viewing detailed data related 
to a business process and an information 
product at the 1st layer of BIP-Map. 

 
(4.10) 

  Range of Average Rating 

 4.00 – 5.00 (Agree / Strongly Agree)

 3.00 – 3.99 (Neutral) 

 1.00 – 2.99 (Strongly Disagree / Disagree)

 

Availability 

in IP-MAP 

 
(4.00) 

 
(3.67) 

 
(2.56) 

Availability 

in BPMN 

 
(1.67) 

 
(2.78) 

 
(1.56) 

 

 

 

 

5.00 (Agree / Strongly Agree) 

2.99 (Strongly Disagree / Disagree) 
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The three features that are evaluated for BPMN include process segregation, 

workflow visualization and users interaction. The process segregation feature 

is rated with a value of 4.3 for BPMN and 4 for IP-MAP. This showed that 

both models have been properly designed to break down a process into a set of 

sub-processes so that users are able to easily identify the detailed steps of a 

process. For the workflow visualization feature, BPMN is rated with a value of 

4.5 but IP-MAP is only rated with a value of 3.67. This is because BPMN 

enable users to identify the appropriate order and dependencies among the 

processes. On the other hand, IP-MAP does not model the processes in a 

chronological order and the dependencies among the processes are also not 

shown. Besides, users only gave a moderate rating of 3.8 for the user 

interaction feature of BPMN. This is probably the interviewed users are 

already familiar with the workings of the subject pre-registration process and 

do not think that such documentation is necessary. The value is still higher 

compared to IP-MAP with a value of 2.56 where the owners of the various 

information processes are not specified and the interaction between different 

participants is not documented or clearly defined especially when it involves 

different departments. 

 

For IP-MAP, the three features that have been evaluated are related to the 

information product, system architecture and data processing. IP-MAP is rated 

with a value of 4.1 for the information products in an information process 

whereas BPMN is only rated with a very low value of 1.67. This is because 

BPMN focuses on modeling the business process layer instead of the 

information process layer in which the information products are generated. In 
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addition, the users are neutral about being able to comprehend the system 

architecture and the data processing steps to generate the information products 

(3.7 and 3.8 respectively). One of the possible reasons is that they are keen to 

understand each business process in terms of all kinds of information 

processing steps, and not only confined to those related to the generation of 

information products. These two features are not available in BPMN (2.78 and 

1.56, respectively). 

 

From the evaluation results of BPMN and IP-MAP, it is apparent that most of 

the features available in both of the models are not overlapping with one 

another. The functions available in one model are not able to be performed 

completely by the other. For example, IP-MAP allows users to visualize the 

detailed data processing steps that are utilized to generate the information 

products in an organization but BPMN does not model the information 

processes that are involved in manipulating the data. On the other hand, 

BPMN allows users to identify the appropriate order and dependencies among 

the business processes but IP-MAP does not model the business processes that 

are closely related to the information products of an organization. Therefore, 

the features of BPMN and IP-MAP indeed complement each other and it is 

necessary to integrate them in order to construct a robust framework for BI. 

 

As BPMN and IP-MAP are integrated to construct BIP-MAP, the three main 

features that are evaluated for the integration of the two models are process 

mapping, BI Dashboard and data retrieval. The feature of process mapping 

where the business process and information process are integrated with one 
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another is rated with a moderate value of 3.8 because one of the users felt that 

BIP-MAP should provide the details of some documents to the users rather 

than just mapping the processes together. The features of BI Dashboard and 

data retrieval module are rated with a high value of 4 and 4.1 respectively. 

This is because the BI Dashboard enables users to view the important 

information in a visual manner using various kinds of graphs or charts while 

the data retrieval module allows them to conveniently retrieve very specific 

data that is used to generate the information products. 

 

Furthermore, the evaluators provided a score to rate the overall performance of 

the three models and ranked them accordingly. The results of evaluation for 

the overall performance of the three models are shown in Figure 4.13. The 

evaluated features are as follows: 

• Business Process Management: To break down the processes into sub 

tasks by having them to be represented by different modules so that all the 

processes can be managed easily. 

• User Interaction: To identify the roles of participants and their 

interactions with one another for different tasks. 

• Business Intelligence Reporting: To identify the intermediate and final 

deliverables at different phases of a process. 

• Information Process Management: To model the processes that describe 

how data is being captured, validated, processed, stored and utilized to 

generate the information reports. 
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From the comparison of the three models, it is found that BPMN and IP-MAP 

provides a better functionality for different features. While BPMN performs 

well for Business Process Management and User Interaction, IP-MAP 

performs well only for Information Process Management. This shows that 

both models can only present a partial view of the business operations. BPMN 

can represent business process more clearly by showing the flow of activities 

and interaction of users with one another. On the other hand, IP-MAP provides 

a better feature for managing information process because the flow of data is 

modeled where how the data is manipulated in different processes is clearly 

shown. Both models do not perform well on Business Intelligence Reporting 

since the BI products are not graphically presented to the users for business 

analysis and decision making. When the salient modeling techniques of 

BPMN and IP-MAP are integrated into BIP-MAP, BIP-MAP outperforms 

both models with the highest score in all features. This shows that BIP-MAP 

is able to give a more comprehensive view of the business operations when 

users are capable of visualizing the entire business management workflow and 

information manufacturing chain. 

 



 

Figure 4.13: Overall System Performance between BPMN, IP
and BIP-MAP (proposed framework). The features in the three 
models are rated by the evaluators in a comparative manner.
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: Overall System Performance between BPMN, IP
MAP (proposed framework). The features in the three 

models are rated by the evaluators in a comparative manner. 

provided their overall feedback for BIP-MAP by answering 

some general questions which have been attached as a reference in Appendix 

Majority of them agreed that the integration of BPMN and IP

MAP is useful in assisting users to perform the decision making process 

n organization because of the following reasons: 

MAP offers a more comprehensive view of the business process and 

information process as users are allowed to click at a particular pr

retrieve more details. 

The business process layer (BIP-MAP Layer 1) has provided them a clear 

picture about the business processes that are involved in producing the BI 

ts used for decision making. 
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• The information process layer (BIP-MAP Layer 2) has provided them a 

clear picture about how the data is being captured, validated, processed, 

stored, transformed and generated throughout the organization. 

 

The evaluators also gave the following feedback to further enhance BIP-MAP: 

• Suggesting Possible Solutions to a Problem 

� One of the evaluators indicated that BIP-MAP is only useful for 

identifying the possible areas of problem for a BI product but it is not 

completely helpful in assisting users to make decisions because the 

options of solution for a particular problem are not provided to the 

users. The appropriate solution for a particular problem always needs 

to be formulated from a case to case basis. BIP-MAP can be enhanced 

by including some possible options of solution towards any problem 

which may happen for the BI products so that users are able to choose 

an option of solution to rectify a particular problem. 

• Incorporating Retrieve Data Module with BI Dashboard 

� Another evaluator felt that the Retrieve Data Module (Figure 4.8) is 

redundant and it should be incorporated into the BI Dashboard in order 

to give a clearer and more impressive view of the data. This module is 

not redundant since not all data is included in the BI Dashboard 

because the purpose of BI Dashboard is to deliver important 

information to users in a summarized manner. Therefore, this module 

is necessary to enable users to retrieve the detailed data of a particular 

process when there is a need for them to do so. 
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• Providing Additional Information about Document 

� It is suggested by one of the evaluators that the exact format of any 

document should be provided to the users rather than just list out the 

detailed processes that manipulate the data. BIP-MAP can be enhanced 

by including some additional information that describes the details of 

any document that is related to a business process so that users are able 

to utilize the document appropriately. 

• Implementing a “What-If” Data Analysis Feature 

� Last but not least, one of the evaluators proposed to implement a 

“What-If” analysis feature for the BI Dashboard so that users are able 

to retrieve the data based on different criteria in a more flexible manner. 

The current BIP-MAP allows users to search the data with different 

criteria. Its search function can be improved by implementing the 

“What-If” data analysis feature so that users are able to view the data 

in different perspectives. 

 

4.5.2 Case Study II 

An additional survey is performed for BIP-MAP at an online job recruitment 

firm that allows the job seekers to search for various kinds of jobs offered by 

the companies when both parties registered themselves as members of the 

organization. After registering themselves as members, job seekers can post 

their resume online and companies can post the details of the jobs offered by 

them online. BIP-MAP has been modeled for three different types of processes 

that relate to the job seekers, job advertisements and job competitors 

respectively. Figure 4.14 to Figure 4.21 shows the BI Dashboard and BIP-
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MAP of the job seekers process which includes the business process layer, 

information process layer and metadata. The screenshots for the processes of 

job advertisements and job competitors are attached as references in Appendix 

C and Appendix D. 

 

 
Figure 4.14: BI Dashboard (Job Seeker). It presents to the users the 
total number of job seekers that have signed up as members of the 
online job recruitment firm in each month of the year. 
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Figure 4.15: BIP-MAP Layer 1 (Job Seeker). This layer is 
constructed based on BPMN. It presents to the users the business 
processes for a job seeker to sign up as a member of the online job 
recruitment firm. 
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Figure 4.16: BIP-MAP Layer 2 (Job Seeker). This layer is 
constructed based on IP-MAP. It presents to the users the information 
processes for registering a job seeker as a member of the online job 
recruitment firm. 

 

 



 

86 
  

 
Figure 4.17: Metadata for Data Validation (Job Seeker). The main 
objective of this metadata is to define the conditions that need to be 
fulfilled by the data and indicate whether the data is compulsory to be 
entered by the users. 
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Figure 4.18: Metadata for Data Transformation (Job Seeker). The 
main objective of this metadata is to provide a detailed set of rules 
and procedures that are involved in the data transformation process so 
that users can improve the implementation of ETL process for data 
migration. 
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Figure 4.19: Metadata for Data Generation (Job Seeker). The main 
objective of this metadata is to enable users to understand the steps 
and criteria used for generating a BI product so that additional data 
that is more applicable to their decision making can be identified 
easily. 
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Figure 4.20: Metadata for Database (Job Seeker). The main objective 
of this metadata is to provide a detailed description of each data 
attribute in the database so that users are able to implement data 
governance at a corporate-wide level. 
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Figure 4.21: Metadata for Data Warehouse (Job Seeker). The main 
objective of this metadata is to provide a detailed description of each 
data attribute in the data warehouse so that users are able to 
implement data governance at a corporate-wide level. 
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Similarly, BIP-MAP is evaluated by seven members at the management level 

in the online job recruitment firm. The functionalities of BIP-MAP are 

presented to the evaluators and they assessed the framework by answering two 

set of general questions. The first set of questions allow them to provide their 

feedback about BIP-MAP using the five-point likert scale and the second set 

of questions allow them to provide some general comments for BIP-MAP. 

Both of the questionnaires are attached as a reference in Appendix B. Figure 

4.22 shows the results of evaluation for BIP-MAP based on the first set of 

questions. It is evident that majority of the evaluators either agreed or strongly 

agreed on the usefulness of BIP-MAP because of the following reasons: 

• BIP-MAP is useful for business decision making when it is being 

integrated with a BI Dashboard because it provides the management users 

a clear picture of the information manufacturing processes and also 

understanding of how the data is being tabulated into the various BI 

products of an organization. 

• BIP-MAP will enable the management users to gain more insight to the 

displayed reports or charts in a BI Dashboard. 

• BIP-MAP can be used to improve organizational business operations and 

help to determine the type of reports that are required. 

• It is good to have a combination of the two layers in BIP-Map because the 

technical users are able to understand the business considerations behind 

certain data, while the business users can get an insight into the logic 

behind the information generated to them. 

 



 

No. 

1 BI Dashboard is useful in providing information to Managers and 
Business Analysts during the decision making process of an 
organisation.

2 Managers 
about the entire information manufacturing process underneath a 
particular piece of graph or chart produced in the BI Dashboard.

3 It is good to have a framework that can allow users to identify the 
business processes that are related to the information provided to 
them. 

4 It is good to have a framework that can allow users to visualise 
the manufacturing processes of information in their organisations 
especially from a quality aspect.

5 It is good to have
the real meaning of data by referring to the metadata available in 
the framework.

6 Having such a framework would allow users to easily identify the 
critical phases that may create data quality problems.

7 Having such a framework would allow users to implement 
continuous improvement for the BI needs of their organisations.

8 The BIP
processes so that users can understand the relationship of all 
participants and processes for a business transaction in order to 
implement Business Process Management.

9 The BIP
information processes so that users can identify how the data is 
being captured, processed, stored
better information products.

10 The BIP
can understand the real meaning of the data before using it to 
make important decision for their organisations.

  

Figure 4.22: Evaluation of BIP
either agreed or strongly agreed on the usefulness of BIP
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Description of Question 

BI Dashboard is useful in providing information to Managers and 
Business Analysts during the decision making process of an 
organisation. 

Managers and Business Analysts may possess limited picture 
about the entire information manufacturing process underneath a 
particular piece of graph or chart produced in the BI Dashboard.

It is good to have a framework that can allow users to identify the 
ss processes that are related to the information provided to 

It is good to have a framework that can allow users to visualise 
the manufacturing processes of information in their organisations 
especially from a quality aspect. 

It is good to have a framework that can allow users to understand 
the real meaning of data by referring to the metadata available in 
the framework. 

Having such a framework would allow users to easily identify the 
critical phases that may create data quality problems. 

Having such a framework would allow users to implement 
continuous improvement for the BI needs of their organisations.

The BIP-Map is useful since it provides the workflow of business 
processes so that users can understand the relationship of all 

ipants and processes for a business transaction in order to 
implement Business Process Management. 

The BIP-Map is useful since it provides the workflow of 
information processes so that users can identify how the data is 
being captured, processed, stored and utilised in order to produce 
better information products. 

The BIP-Map is useful since it provides metadata so that users 
can understand the real meaning of the data before using it to 
make important decision for their organisations. 

: Evaluation of BIP-MAP. Majority of the evaluators 
either agreed or strongly agreed on the usefulness of BIP-MAP.

1 2 3 4 5 6 7 8 9 10

Questions about BIP-MAP

BIP-MAP

 

BI Dashboard is useful in providing information to Managers and 
Business Analysts during the decision making process of an 

and Business Analysts may possess limited picture 
about the entire information manufacturing process underneath a 
particular piece of graph or chart produced in the BI Dashboard. 

It is good to have a framework that can allow users to identify the 
ss processes that are related to the information provided to 

It is good to have a framework that can allow users to visualise 
the manufacturing processes of information in their organisations 

a framework that can allow users to understand 
the real meaning of data by referring to the metadata available in 

Having such a framework would allow users to easily identify the 

Having such a framework would allow users to implement 
continuous improvement for the BI needs of their organisations. 

Map is useful since it provides the workflow of business 
processes so that users can understand the relationship of all 

ipants and processes for a business transaction in order to 

Map is useful since it provides the workflow of 
information processes so that users can identify how the data is 

and utilised in order to produce 

Map is useful since it provides metadata so that users 
can understand the real meaning of the data before using it to 

MAP. Majority of the evaluators 
MAP. 

BIP-MAP
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The evaluators also gave the following feedback to further enhance BIP-MAP: 

• Implementing BIP-MAP for Complex Systems 

� A similar concern raised by a few evaluators is the challenge to 

implement BIP-MAP for complex systems, especially those that have 

ongoing changes because the creation and update for BIP-MAP will be 

problematic. Even though it may not be easy to model all the business 

and information processes, it is surely worth it to construct a BIP-MAP 

because it will serve as a helpful tool for improving the BI needs of an 

organization. In addition, the ongoing changes of business and 

information processes for complex systems can also be updated easily 

by referring to the BIP-MAP. 

• Implementing a “What-If” Data Analysis Feature 

� One evaluator proposed to implement a feature for the BI Dashboard to 

automate and suggest the possible directions of data output based on 

different data input. This feature is similar to the “What-If” data 

analysis feature proposed by one of the evaluators in the first case 

study. The current search function of BIP-MAP can be improved by 

including the “What-If” data analysis feature. 

• Providing Metadata to the Relevant Users 

� Two evaluators felt that metadata should be accessed by the business 

analysis or report generator team only as the information provided may 

be overloaded or taxing for the management users to understand. 

However, metadata is able to provide the detailed information that 

describes a BI product if there is a need for the management users to 
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further understand the business process and information process that 

are related to a BI product. 

• Constructing BIP-MAP with a Software 

� One of the evaluators suggested that having a software to automatically 

plot the different layers based on user selections would be very useful 

especially if the software can be linked to the actual coding of the 

reports in order to increase efficiency and accuracy of maintaining the 

BIP-MAP. Indeed it is better to have a software that can allow users to 

construct the BIP-MAP in a flexible manner where users are able to 

build the business process and information process layers, manipulate 

the BI products and manage the metadata easily.  

• Implementing Control Management for Information Security 

� Last but not least, one evaluator proposed to implement a control 

management feature in BIP-MAP for ensuring information security. 

BIP-MAP can be enhanced to implement information security by 

including the access control feature to deliver the right information to 

the right users. 

 

4.6 Chapter Summary 

This chapter has presented the functionalities of BIP-MAP that are integrated 

and enhanced from BPMN and IP-MAP. Two case studies have been 

performed to evaluate the usefulness of BIP-MAP, one in UTAR and the other 

one in an online job recruitment firm. Both of the case studies confirmed that 

it is necessary to implement a framework which integrates the business and 

information processes in order to provide actionable information to users. 
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CHAPTER 5 

 

 

IMPLEMENTATION OF DATA QUALITY 

 

 

5.1 Introduction to Data Quality 

In a competitive business environment, one of the most important issues that 

need to be addressed by an organization is its data quality. This is because the 

usage of high quality information will enable the management users to make 

correct decisions in their daily business. As a result, most organizations have 

spent a great investment in technology to capture, store and process a huge 

amount of data and convert them into meaningful information and knowledge 

so that they can succeed over their competitors [75]. 

 

One effective way to deal with the issues of data quality is to implement the 

concept of Total Data Quality Management (TDQM) [62] where information 

is managed as products just like the products being manufactured in any 

industry. The ultimate aim of TDQM is to provide high quality information 

products that satisfy the needs of all users in an organization. In the cycle of 

TDQM, information quality is being defined, measured, analyzed and 

improved continuously to ensure high quality information products are 

delivered to all the information users. 

 

Information Product Map (IP-MAP) [64] is a model that is developed to 

implement TDQM by providing some algorithms to compute the basic data 

quality dimensions like completeness, accuracy, and timeliness of data. The 
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completeness [76] of a data element is the degree to which a value is available 

for that particular data element, and the completeness of data is determined by 

computing the availability of a value for each data element in the information 

product. However, an information product with some data elements that have 

missing values is still recognized as complete as long as the data elements 

available in the information product are adequate for the case of decision 

making [64]. The accuracy [77] of a data element is the degree of closeness 

for the value of that particular data element to the value of a corresponding 

one, and the accuracy of data is determined by computing the percentage of 

difference for a correct value and the actual value of each data element in the 

information product [64]. The timeliness [10] dimension of data quality is 

defined as the currency and volatility of data where currency refers to the age 

of data and volatility refers to the period of validity for the data. 

 

5.2 Automatic Weighting of Data Attributes 

Given a database, a data attribute is an attribute that describes the data 

whereas a data element is the value of an attribute associated to a particular 

data entry. In the case of this study, the data attributes for the subject pre-

registration of FICT include Student ID, Student Name, Course Code, 

Academic Year, Trimester and others, whereas a data element is the value of 

each attribute for a specific student. In IP-MAP [64], a simple component is a 

combination of the raw data elements for one particular data attribute while an 

intermediate component is a combination of the simple components and data 

elements. The following formulation is applied to compute the completeness 
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dimension of data and combine them into a single value to be presented to the 

management users: 

 ����	� 
  ∑ 
� � ������
��� ………………………………………...(1) 

 ������ 
  ∑ 
� � ����	��
��� ………………………………………...(2) 

subject to 

 ∑ 
� 
 1�  and ∑ 
� 
 1�  

where m is the number of raw data element, n is the number of simple 

component, CD
(b) stands for the completeness of a raw data element b, CSC

(c) 

stands for the completeness of a simple component c, C
IC

(k) stands for the 

completeness of an intermediate component k, wb or wc is a weighting value 

between 0 and 1 assigned by users to specify the importance or relevance of 

the bth raw data element or cth simple component. The same formulation can 

be directly applied to the accuracy dimension as well, and its description will 

not be repeated here. 

 

The problem with Equation (1) & (2) is that there is no means of computing 

wb and wc. In reality, these weights need to be manually assigned by the users 

but this becomes infeasible when the number of attributes or data entries 

become huge. This is because it will be time consuming and inconvenient for 

the users to enter the weight of data one by one. Therefore, in practice, 

uniform weighting is applied but clearly, different attributes have different 

degree of impact towards decision making. 
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To alleviate this situation, we propose a novel approach to perform automatic 

assignment of the attribute weight, wc to help users identify the attributes that 

will severely impact the data quality of an information product. In the 

proposed approach, the weights to the data attribute will be assigned 

automatically based on its types of usage in the BI Dashboard. This approach 

will work most of the time because a consistent value of data weight can be 

generated for each data attribute to determine its importance towards different 

cases of decision making. 

 

Denote the set of all information processes in BIP-MAP Layer 2 as I and the 

set of all information products, or equivalently dashboards as D. The weights 

are assigned based on its type of usage in the BI Dashboard as follows: 

wc 
 ���	�. � ��	�……………..……………………………………(3) 

 ���	� 
  ∑ 
!"#$%�	, ��|(|
)�� |(|* ……………………………………(4) 

 � ��	� 
  +,-� |�|
|.�:�0�,   �0�1|�……………….………………………….(5) 

where |·| is used to denote the cardinality of a set,  
!"#$% (c, d) is the weight 

assigned to data attribute c based on its usage in the dashboard d,  .� 3 	 0 �,

� 0 �1 is the set of information processes that contain the data attribute c. In 

summary, df(c) is the weighted frequency of the attribute c of all dashboards in 

D, ipf(c) is the inverse frequency of c in all the processes being modeled in the 

information process layer (BIP-MAP Layer 2). 

 

Equations (3) to (5) are similar to the Term Frequency and Inverse Document 

Frequency (tf-idf) method [28]. tf-idf is a popular and effective method to 
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identify the importance of a word to a document in a collection of documents 

for information retrieval. In essence, the value of tf, analogous to df in 

Equation (4), increases if the keyword can be found in a particular document 

whereas idf, analogous to ipf in Equation (5), penalizes the weight if the 

keyword is also present at most documents in the entire collection. 

 

Figure 5.1 shows an example of the Structure Query Language (SQL) used to 

generate one of the dashboards. The weight of usage 
!"#$%   for a data 

attribute is determined by its function (condition, data, information or any 

combination of them) in the query process to generate the dashboard, where 


!"#$% is incremented with the following values if it is used for any of these 

functions: 

Data Usage  Weight 
Condition  0.1 
Data   0.4 
Information  0.5 

 

Example of SQL 

SELECT ExamSession, Course, UnitCode, SUM(ActualStudentNo) 
AS ActualStudentNo, SUM(ProjectStudentNo) AS ProjectStudentNo 
FROM FactStudentFigure 
WHERE SUBSTRING(UnitCode,2,1) = 'C' 
AND Course = @StudentCourse 
AND ExamSession = @ExamSession 
AND AcademicYear = @AcademicYear 
GROUP BY ExamSession, Course, UnitCode 

 

 
Figure 5.1: An Example of SQL Query for Generating the Dashboard. 
The query imposes some condition (UnitCode, Course, ExamSession, 
AcademicYear) to extract some information (ActualStudentNo and 
ProjectStudentNo) which will be ordered based on some specified 
groups (ExamSession, Course, UnitCode). 

 

The weight for the information function is assigned a higher value because it 

is the actual details requested by the users for decision making. The data 
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function should be assigned a higher weight than the condition function 

because these data attributes categorize the important information into 

appropriate groups that can be easily identified by the users for performing 

data analysis. Last but not least, the condition function is assigned a lower 

weight because these data attributes work at the background to retrieve the 

relevant data and may not be visible to the users. 

 

The weight of data usage for each function (Condition, Data and Information) 

is determined empirically by conducting some experiments. First, ten faculty 

management committee members from FICT in UTAR are invited to 

determine the importance of each data attribute by providing a weight for each 

of them. Then, a script is coded to generate all the combinations of weight for 

data usage that are valid in which their values are summed up to 1. Each 

combination of weight for data usage is utilized to calculate different sets of 

weight for all the data attributes. After that, each set of data weight is 

compared to the average data weight assigned by the ten members. Figure 5.2 

shows a surface graph that displays the experiment results of data weight using 

different set of weights for data usage. It indicates the difference between the 

data weights assigned by users and the data weights generated by BIP-MAP. 

The combination of weight for data usage (Condition = 0.1, Data = 0.4, 

Information = 0.5) that generated a set of data weight that produced the least 

difference is selected to be implemented into the automatic weighting 

algorithm for the data attributes. 
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Figure 5.2: Difference of Data Weight between User Assigned 
Weighting and BIP-MAP Weighting. When the Condition function is 
weighted as 0.1, the Data function is weighted as 0.4 and the 
Information function is weighted as 0.5, BIP-MAP produced the least 
difference of data weight compared to the User Assigned Weighting. 

 

Table 5.1 shows the sample data for computing the completeness data quality 

dimension with Uniform Weighting, User Assigned Weighting and BIP-MAP 

Weighting. Each data attribute is considered as equally important or relevant 

for a decision making in Uniform Weighting. The User Assigned Weighting 

enables users to assign a weight to each data attribute because the data 

attributes are not considered as equally important or relevant for a decision 

making. For the BIP-MAP Weighting, the importance of each data attributes 

towards decision making is determined automatically based on their usage in 

the BI Dashboard. If the data is missing, C
D
(b) = 0, else C

D
(b) = 1. The 

completeness of a data set is calculated in the same way using the three 
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different types of data weighting methods. The following example computes 

the completeness of the entire sample data with the BIP-MAP Weighting. 

 

Table 5.1: Computation of Data Quality with Different Weighting Methods 
 

Data Attribute
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Sample Data 

201105 CS 1 1 
UCCD 
1004 

PCP 36 100 

NULL IA 1 1 
UCCD 
1023 

DSA NULL 26 

201105 IB 1 1 
UCCN 
1003 

DCN NULL 26 

201105 CN 1 1 
MPW 
2113 

BK 27 NULL 

Data Weight 

User Assigned 

Weighting 
0.0870 0.0700 0.0805 0.0805 0.1635 0.1180 0.2175 0.1830 

Uniform 

Weighting 
0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 0.1250 

BIP-MAP 

Weighting 
* 

0.0929 0.1563 
* 

0.0715 

* 

0.0511 0.0000 
* 

0.1226 

* 

0.3086 

* 

0.1970 

Data Quality (Completeness) 

User Assigned 

Completeness 
0.0653 0.0700 0.0805 0.0805 0.1635 0.1180 0.1088 0.1373 

Uniform 

Completeness 
0.0938 0.1250 0.1250 0.1250 0.1250 0.1250 0.0625 0.0938 

BIP-MAP 

Completeness 
* 

0.0697 0.1563 
* 

0.0715 

* 

0.0511 0.0000 
* 

0.1226 

* 

0.1543 

* 

0.1478 
 

CSC(c) = (1 + 0 + 1 + 1) / 4 x 0.0929 

           = 0.0697 (ExamSession) 

CSC(c) = (1 + 1 + 1 + 1) / 4 x 0.0000 

           = 0.0000 (UnitCode) 

CSC(c) = (1 + 1 + 1 + 1) / 4 x 0.1563 

           = 0.1563 (CourseCode) 

CSC(c) = (1 + 1 + 1 + 1) / 4 x 0.1226 

           = 0.1226 (UnitDescription) 

CSC(c) = (1 + 1 + 1 + 1) / 4 x 0.0715 

           = 0.0715 (AcademicYear)  

CSC(c) = (1 + 0 + 0 + 1) / 4 x 0.3086 

           = 0.1543 (ActualStudentNo) 

CSC(c) = (1 + 1 + 1 + 1) / 4 x 0.0511 

           = 0.0511 (Trimester)  

CSC(c) = (1 + 1 + 1 + 0) / 4 x 0.1970 

           = 0.1478 (ProjectStudentNo) 

CIC(k) = 0.0697 + 0.1563 + 0.0715 + 0.0511 + 0.1226 + 0.1543 + 0.1478 

           = 0.7733 
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From the computation results of data quality in Table 5.1, three different set of 

completeness values are obtained for the sample data. For the Uniform 

Weighting method, the completeness value of the sample data is 0.8751 and its 

value will be the same even though the contents of different data attributes are 

missing as long as the number of missing data is the same. This is not a 

practical method to calculate the completeness of data because each data 

attribute has a different degree of impact towards decision making. The 

method of User Assigned Weighting produced a completeness value of 0.8239 

for the sample data because it allows users to allocate different weights to each 

data attribute in order to specify their importance towards a specific case of 

decision making. However, this method is infeasible because it will be time 

consuming and inconvenient to the users when the number of data attributes 

are large. The proposed method of BIP-MAP Weighting generated a 

completeness value of 0.7733 for the sample data where the weight of each 

data attribute is automatically allocated by the algorithm of the framework. 

According to Table 5.1, most of the data weights generated by BIP-MAP are 

having a closer value to the data weights assigned by users compared to the 

uniform weighting. The BIP-MAP generated data weights that are having a 

closer value to the data weights assigned by users are bolded and highlighted 

with an asterisk respectively. This indicated that BIP-MAP is able to compute 

more realistic values of completeness for the sample data compared to the 

values calculated with uniform weighting because the weight of each data 

attribute is automatically generated by BIP-MAP based on its function or 

usage in the BI Dashboard. 
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To introduce more flexibility, users are also given the option to overwrite the 

system generated data weight if it is not applicable to the case of their decision 

making. Figure 5.3 shows a screenshot of the Update Data Weight Module. 

The first column shows the data attributes and the second column displays the 

data weight generated by BIP-MAP. Users can enter their preferred data 

weights to the textboxes at the third column and save them into the database. 

 

 

Figure 5.3: Update Data Weight Module. Users are allowed to enter 
their preferred weight for the data if they feel that the system 
generated weight is not applicable. 

 

5.3 Consistent Time Management for Business and Information Processes 

Users at the management level are usually interested to estimate the time 

required for generating a set of information reports. Figure 5.5 shows a 

prototype of the Project Evaluation & Review Technique (PERT) function in 

the BIP-MAP framework. The PERT timing analysis has been selected to 

perform time management. Given the duration time for each process, PERT 

will return some parameters like early finish time, late finish time, slack time 
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and the critical path. The early finish time is the earliest time that a business 

process or information process can be completed whereas the late finish time 

is the latest time that a business process or information process must be 

completed. The slack time is the amount of time that a business process or 

information process can be delayed. Finally, critical path is the path that 

consists of all processes that cannot be delayed. 

 

The challenge for implementing PERT for BIP-MAP is to ensure consistencies 

in the timing analysis between the two layers. To address this issue, for 

business processes (BIP-MAP Layer 1) that can be mapped to some set of 

information processes, their input parameters (duration required to complete 

the process) will be derived from the PERT timing analysis at the information 

process layer (BIP-MAP Layer 2). The reason is because the duration time of 

a business process is dependent on the total duration time of all the relevant 

information processes. 

 

Denote the business process in BIP-MAP Layer 1 as 4 
  .��, �5, �6, … 1 and 

the related information process in BIP-Map Layer 2 as � 
  .��, �5, �6, … 1. 

There is an one-to-many mapping between B and I, or ��  8  ����� 

where ����� 9 �  is the set of information processes mapped by the business 

process �� . Algorithm 1 shows the adaptation of PERT time management 

algorithm for BIP-MAP. The business processes in BIP-MAP Layer 1 may or 

may not be mapped to the information processes in BIP-MAP Layer 2. For the 

latter, users specify the duration input directly at the business process layer. 

For the former, users input the duration at the information process layer. The 



 

106 
  

PERT timing analysis is then conducted on the mapped information processes 

����� and the result is then propagated to bi as the duration time parameter. 

 

If an optimistic view is preferred, the maximum early finish time of the 

information processes �����  will be propagated to generate the optimistic 

duration time of the business process bi as follows: 

 �,:;���� 
 max >?�;@�����AB  ………………………………………(7) 

where �,:;���� is the optimistic duration time of the business process bi and 

C�;@�����A is a set of early finish times of all the information processes ����� 

mapped by the business process bi. 

 

On the other hand, if a pessimistic view is preferred, the maximum late finish 

time of the information processes ����� will be propagated to generate the 

pessimistic duration time of the business process bi as follows: 

 � :;���� 
 max >D�;@�����AB  ………………………….….………...(8) 

where � :;���� is the pessimistic duration time of the business process bi and 

E�;@�����A is a set of late finish times of all the information processes ����� 

mapped by the business process bi. 

 

 

 

 

 

 



 

107 
  

Algorithm 1: Time Management 

Input: 

�:;����, ����� 
  F : The duration time of a business process that is 
      not mapped to any information process. 

 ��;����   : The duration time of an information process. 
Output: 

 G:;���� : The early finish time of a business process. 
 +:;���� : The late finish time of a business process. 

 H:;���� : The slack time of a business process. 
Method: 
for b1 to bn do 

 if ����� 
  F then 
  Capture �:;���� from the users 

else 

Capture ��;����, I � 0 ��bK� from the users 
Perform PERT calculation on I(bi) 
if optimistic time is preferred then 

Propagate  �,:;����  from layer 2 to layer 1 with 
 Equation (7) 
else 

Propagate � :;����  from layer 2 to layer 1 with 
 Equation (8) 
end if 

 end if 

end for 

Perform PERT calculation to retrieve each G:;����, +:;����, H:;���� and the 
critical path 

 
Figure 5.4: Time Management Algorithm 

 

Figure 5.5 shows an example of how the duration time for the business process 

of Prepare Projected No. of Students is derived from the early/late finish time 

of the corresponding information processes in the second layer. After all the 

optimistic duration time or pessimistic duration time of each business process 

bi is derived from the information process layer, the parameters like early 

finish time, late finish time, slack time and the critical path of all the business 

processes can be computed using the PERT calculation methods. The results 

of the PERT calculation are provided in Table 5.2. 
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Figure 5.5: PERT Function for Time Management. (1) At each sub-
set of BIP-MAP Layer 2, PERT is performed on  to generate the 
early finish time (green) and late finish time (yellow) of each 
information process. (2) The maximum early/late finish time of  
is propagated to bi as the duration input. (3) Then, PERT is performed 
at BIP-MAP Layer 1 to generate the early finish time (green) and late 
finish time (yellow) of each business process. 

 

Table 5.2: PERT Calculation Results 
 

Business Process 

Time (Day) 
 

Duration 
Early 

Finish 

Late 

Finish 
Slack 

Critical 

Path 

Process Application for Course Transfer 14 14 28 14 No 

Verify Student Particulars 28 28 28 0 Yes 

Create Course Structure 14 42 42 0 Yes 

Enter Subject Details 21 63 63 0 Yes 

Verify Course Structure Details 7 70 77 7 No 

Verify Subject Details 14 77 77 0 Yes 

Prepare Projected No. of Students 21 98 98 0 Yes 

Information Process 

Time (Day) 
 

Duration 
Early 

Finish 

Late 

Finish 
Slack 

Critical 

Path 

Process Student Details 7 7 7 0 Yes 

Process Course Details 5 12 14 2 No 

Process Subject Details 7 14 14 0 Yes 

Validate Student Registration Details 5 19 19 0 Yes 

Generate Projected No. of Students 2 21 21 0 Yes 

1 

2 

3 
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5.4 Evaluation and Discussion 

To confirm the usefulness of the implementation for data quality and time 

management, BIP-MAP is compared against the original BPMN and IP-MAP 

models for the subject pre-registration of FICT in UTAR. The evaluation is 

performed by the same ten members from the faculty management committee 

for the three models using the five-point likert scale respectively. An overall 

system performance is conducted for the three models by allowing the 

evaluators to rate and rank each feature in a comparative manner. Likewise, 

the evaluators provided their additional feedbacks by answering some general 

questions about the BIP-MAP framework. Table 5.3 provides a brief summary 

of the features that are evaluated for the three models with an average rating 

from all the ten evaluators. 

 

5.4.1 Time Management 

All the three models are rated with a high value that is more than 4 for the 

time management feature. This showed that it is useful to identify the 

timeliness details so that users are able to estimate the time required to 

complete each process in a business operation. For example, the timeliness 

details that can be generated are the early finish or late finish time, slack time 

and critical path. The definitions of these timeliness details are provided in 

Section 5.3. 

 

 

 

 



 

Table 5.3: Features Evaluated in BPMN, IP
 

1. Time Management
Enable users to plan the duration time for 
each activity of a business process when it is 
integrated with the PERT chart.

 

1. Time Management

Enable users to estimate 
generating a set of information reports by 
determining the critical path.

2. Data Quality Management

Allows users to assign different weights to 
specify the importance or relevance of the 
data towards a case of decision

 

1. Time Management

Timing parameters from the information 
process layer are automatically transformed 
into the business process layer for users to 
perform time management.

2. Data Quality 
A weight is automatically calculated for the 
data based on the frequency and condition of 
its usage in the BI Dashboard.

 Symbol 

   

   

   

 

When BPMN is compared to IP

with a moderate value of 3.89 only because the feature of time management is 

poorly addressed in the original BPMN model 

evaluation results 

as a useful feature if the PERT calculation techniq
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: Features Evaluated in BPMN, IP-MAP and BIP-MAP 

BPMN 

Feature Usefulness 

Time Management 
Enable users to plan the duration time for 
each activity of a business process when it is 
integrated with the PERT chart. 

 
(4.4) 

IP-MAP 

Feature Usefulness 

Time Management 

Enable users to estimate the time required for 
generating a set of information reports by 
determining the critical path. 

 
(4.4) 

Data Quality Management 

Allows users to assign different weights to 
specify the importance or relevance of the 
data towards a case of decision making. 

 
(2.8) 

BIP-MAP 

Feature Usefulness 

Time Management 

Timing parameters from the information 
process layer are automatically transformed 
into the business process layer for users to 
perform time management. 

 
(4.1) 

Data Quality Management 
A weight is automatically calculated for the 
data based on the frequency and condition of 
its usage in the BI Dashboard. 

 
(3.5) 

  Range of Average Rating 

 4.00 – 5.00 (Agree / Strongly Agree)

 3.00 – 3.99 (Neutral) 

 1.00 – 2.99 (Strongly Disagree / Disagree)

When BPMN is compared to IP-MAP, the time management feature is rated 

with a moderate value of 3.89 only because the feature of time management is 

poorly addressed in the original BPMN model [78]. Nevertheless, the 

evaluation results of 4.4 for BPMN shows that time management is recognized 

as a useful feature if the PERT calculation technique is being integrated into it

 

Availability 

in IP-MAP 

 
(4.33) 

Availability 

in BPMN 

 
(3.89) 

 
(1.78) 

 

 

 

5.00 (Agree / Strongly Agree) 

2.99 (Strongly Disagree / Disagree) 

MAP, the time management feature is rated 

with a moderate value of 3.89 only because the feature of time management is 

Nevertheless, the 

shows that time management is recognized 

ue is being integrated into it. 
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IP-MAP is rated with a high value of 4.4 and 4.33 respectively because the 

PERT calculation technique is available in the original IP-MAP model [63] for 

users to estimate the time required to generate the information products at 

different stages of the information manufacturing chain. This phenomenon 

happened because the evaluators considered the time management feature in 

IP-MAP to be more comprehensive at the implementation level of information 

processes compared to BPMN. However, integrating PERT into BPMN will 

provide the users a more general view at the management level for the 

business processes. 

 

BIP-MAP received a high rating of 4.1 for the time management feature. This 

indicated that almost every evaluator either agreed or strongly agreed on the 

usefulness of propagating the timing parameters from the second layer of BIP-

MAP (information process layer) to its first layer (business process layer). 

When the timing parameters are propagated from the information process 

layer to the business process layer, users are able to estimate the time that is 

required for generating each BI product in a consistent manner. A detailed 

description of the time management feature for BIP-MAP is provided in 

Section 5.3. 

 

5.4.2 Data Quality Management 

For the data quality feature, BPMN is rated with a very low rating of 1.78 

because it focuses on modeling the business processes only and the 

information processes that describe how data is being manipulated are not 

modeled. Even though IP-MAP models the information processes that are 
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involved in generating the information products of an organization, the data 

quality feature is rated with a low rating of 2.8 for several reasons. One of the 

evaluators felt that using the method of weight assignment to specify the 

importance or relevance of data in computing the data quality is arguable since 

different users may assign different weights for the same set of data. The range 

of data quality values that should be acceptable to the users is also questioned 

by one of them. Two evaluators indicated that the formula for computing data 

quality is good but they do not considered it as useful because they felt that the 

data should be made available by the system if it is required by the users. 

 

Although the method of weight assignment seems to be arguable, it enables 

users to acquire a more relevant data quality value that describes the 

completeness or accuracy of data compared to the method of uniform 

weighting. Even though different weights are assigned by different users, the 

same important data attributes are identified by them. The range of data 

quality values that are acceptable to the users are determined by different cases. 

Hence, the range of data quality values that are acceptable to the users cannot 

be specified in a standardized manner. It is risky to always think that the 

systems should be providing the complete or accurate set of data for 

information reporting as system errors may happen and cause the occurrence 

of incomplete or inaccurate data. Thus, it is absolutely important for the 

management users to be assured of the quality of data before using it for any 

decision making. 
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Even though the data quality feature of BIP-MAP received a moderate rating 

of 3.5, its degree of usefulness is still higher compared to the original IP-MAP 

due to the implementation of automatic weighting where the weight of each 

data attribute is determined by its function in the query processes used to 

generate the BI products. With the implementation of automatic weighting, the 

weight of each data attribute can be defined automatically in a more relevant 

manner and users are not required to spend time in performing the manual task 

of weight assignment for all the data attributes. A detailed description of the 

automatic weighting feature for BIP-MAP is provided in Section 5.2. 

 

5.4.3 Overall Performance 

As the data quality and time management features of BPMN, IP-MAP and 

BIP-MAP are compared and evaluated together, a score between 0 to 5 is 

provided by the evaluators to rate the overall performance of the three models 

and ranked them accordingly. The results of evaluation for the three models 

are shown in Figure 5.6. It shows that BIP-MAP outperforms BPMN and IP-

MAP as it receives a higher score or rank for both the features of data quality 

and time management among the three models. In general, almost all of the 

evaluators provided a high score for the time management feature because 

users are able to estimate the time that is required to complete each activity 

available in a process. More than half of them supported the feature of 

automatic data weighting with a high scoring because it helps users to identify 

the importance of data by providing a weight for each data item. 

 



 

Figure 5.6: Overall System Performance between BPMN
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in a comparative manner.
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allow users to keep track of the execution of each business or 

information process. With a monitoring function, users will be able to 

ensure that each process is performing as scheduled. 

� Another evaluator indicated that the timing parameters available in 

BIP-MAP are too many but the only important timing information that 

is required is the milestone or deadline of each process. The timing 

parameters in BIP-MAP can be reorganized in order to enable users to 

have a clearer view of the timeliness details for each process. Apart 

from this, the evaluator proposed to integrate BIP-MAP with the 

system clock so that users can identify the progression of each process 

in line with the actual time. Indeed, BIP-MAP can be integrated with 

the system clock in order to implement a real time monitoring for both 

the business and information processes. 

• Enhancing the Automatic Weighting for Data Attributes 

� One of the evaluators pointed out that the weight of usage for each data 

attribute in the query processes should be estimated based on a set of 

configuration where users are allowed to specify its level of 

importance towards a specific case even though automatic weighting is 

implemented. One of the examples of configuration given by the 

evaluator is to use the five-point likert scale (1 – very unimportant to 5 

– very important). A configuration function which allows users to 

update the weight of usage for each function of data attribute in the 

query processes can be implemented so that the relevant data weights 

can be generated for different cases. 
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� Another evaluator still considered that using automatic weighting to 

specify the importance of each data attribute is arguable because the 

weight of usage for each function of data attribute in the query 

processes can be specified with a different value by different users. 

Therefore, automatic weighting may not be able to identify the actual 

level of importance for each data attribute towards to a specific case. 

Even though the method of automatic weighting still seems to be 

arguable, it has reduced the job of manual weight assignment and 

provided users a guideline to comprehend the quality of data before 

using the data for any decision making. 

 

5.5 Chapter Summary 

This chapter has presented two algorithms in BIP-MAP. The first algorithm 

implements a function to perform automatic weighting for determining the 

importance of each data attribute in a system so that the quality of data can be 

computed in a more realistic manner. The second algorithm integrates the 

PERT function to implement a consistent time management for both layers of 

the business and information processes where users are able to estimate 

various timing parameters at different stages of a business or information 

process. It is confirmed through the case study that BIP-MAP outperformed 

the original BPMN and IP-MAP for these two features. 
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CHAPTER 6 

 

 

CONCLUSION 

 

 

6.1 Summary of Contribution 

Three major contributions have been achieved in this research. First, a 

framework that implements BPM and TDQM for a BI platform is developed 

by integrating the salient modeling and management techniques of BPMN and 

IP-MAP. By integrating BPMN and IP-MAP, the BI products that are 

generated at the information process layer can be summarized onto the 

business process layer so that management users are able to easily identify all 

the BI products that are available to be utilized for business decision making. 

As BPMN and IP-MAP are integrated into a single framework, users are able 

to identify how the data is being captured, validated, processed, stored, 

transformed and generated throughout the organization by drilling down into 

the detailed data processing steps that are involved in each business process. 

Apart from this, the integration in BIP-MAP enables users to have a more 

complete understanding of all the business and information system operations 

because the technical users are able to understand the business considerations 

behind certain data, while the business users can get an insight into the logic 

behind the information generated to them. 

 

Second, a novel approach of automatic weight assignment for the data 

attributes is produced to help users identify the importance of each data 

attribute in order to determine the actual data quality of a BI product. As the 
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weight of each data attribute is calculated automatically based on their usage 

in the BI Dashboard, a more realistic and consistent value for the data quality 

dimensions of completeness and accuracy can be computed for the BI 

products. In addition, users are not required to spend their precious time in 

assigning weights to the data attributes even if the data set contains a large 

number of attributes. 

 

Last but not least, an integrated time management feature is implemented to 

assist users in performing planning between the two layers of business and 

information processes. With the implementation of this feature, consistencies 

for the timing parameters between the two layers are achieved because users 

are only required to input the timing parameters at the information process 

layer for the business processes that are mapped to a set of information 

processes. The total duration time of the information processes will be 

automatically propagated up to the relevant process at the business process 

layer. As the duration time for each process is determined at both layers, the 

PERT algorithm can be executed to compute various timeliness details which 

can assist the users to estimate the time that is required for accomplishing a 

task or generating a report at different phases of a process. 

 

6.2 Future Research for BIP-MAP 

After conducting an evaluation for BIP-MAP with the management users of 

the university and the online job recruitment company, some limitations of the 

framework are identified for future research. The major concern of the 

management users for the framework is the method of creating and updating 
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the BIP-MAP for complex systems especially those that have ongoing changes. 

This is because the time spent in producing the BIP-MAP may be quite long if 

it is being constructed manually. However, this should not be a major problem 

because it can be resolved by developing software with user-friendly interface 

to assist management users in creating and updating the BIP-MAP. The 

software can be developed with a drag and drop development approach so that 

the BIP-MAP can be constructed in a fast and easy manner. In addition, 

mechanism to associate metadata to each element should also be included for 

enabling users to model the business and information processes and manage 

the metadata with ease. 

 

Apart from this, some minor limitations are also identified for the framework. 

BIP-MAP can be enhanced by including a function to provide users some 

possible options of solution for any problem that may happen to the BI 

products. Additional information that describes the details of any document 

can also be included at the business process layer so that users are able to 

identify important information for all the documents that are available in a 

business process. For the search function of the BI Dashboard, it can be 

enhanced by implementing a “What-If” analysis feature to enable users to 

view the data in different perspectives. The time management feature can be 

improved by adding a monitoring function that is integrated with the system 

clock so that users are able to keep track of the execution of all processes. Last 

but not least, the access control feature can be added in order to enforce 

information security by delivering the right information to the right users. 
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Survey Questions 

 
As a business entity grows in size and profile, it becomes more and 

more challenging for management users to perform project planning and 
execution, resource allocation and keep track of the various activities within 
the organization. Therefore, Business Intelligence (BI) has become an 
attractive tool to help the management users to handle these complicated tasks. 

Generally, BI is a set of concepts, methods, and technologies that play 
a key role in turning data into information and eventually into knowledge to 
assist users in performing the business decision making process. In this 
research, the salient modeling methods of two existing models are investigated 
and integrated to construct a framework called the Business Intelligence 
Product Map (BIP-Map). The two models that have been integrated into the 
framework are: 
 
(a) Business Process Modeling Notation (BPMN) 
(b) Information Product Map (IP-Map) 

The purpose of this survey is to evaluate the strengths and limitations 
of each model and the improvements that can be gained by integrating the two 
models into a single framework. The framework has been implemented to 
model the Subject Pre-Registration Process of FICT in UTAR. Targeted users 
of the framework include the management users of a faculty like the Dean, 
Deputy Deans, Head of Departments and Head of Programmes. 
 

Please provide your feedback for each statement with the following ratings. 
 

1 2 3 4 5 

Strongly 
Disagree 

Disagree Neutral Agree 
Strongly 

Agree 

 
 
 
 
Name of Evaluator: ______________________________ 
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Terminologies 

 
1. Business Intelligence 

- A set of concepts, methods, and technologies that play a key role in 
turning data into information and eventually into knowledge to assist 
users in performing the business decision making process. 

 
2. Business Process 

- A group of activities within an organization that consists of certain 
logical order and dependence in achieving a particular business 
objective. 

 
3. Information Process 

- A group of activities within the systems of an organization that 
consists of certain logical order and dependence in processing the data 
and information. 

 
4. Information Product 

- The output of an information process where data and information is 
treated much like the products that are being manufactured in any 
industry. 

 
 

Section A: 

Business Process Modeling Notation 
Rate IP-Map Comments 

 
BPMN is a model that is developed by the Business Process Management 
Initiative (BPMI) for users to manage the business processes of their 
organizations. It provides a standardized notation which is easily 
understood by all the business users, including users at the management 
level and technical users who are responsible in developing the program to 
execute those processes. 
 
The statements below describe about the features that are available in 
BPMN. Please rate the usefulness of the features towards business 
decision making. Please rate the feature at the IP-Map column if the 

feature is present in IP-Map. 
 

 
1. BPMN breaks down a business 

process into a set of activities. 
Segregation of processes into 
multiple activities helps the 
management users to perform 
decision making for the students and 
subjects of the faculty. 
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2. BPMN helps users to visualize the 

workflow of activities within a 
business process in a clear and proper 
manner. Therefore, BPMN will 
enable users to identify the 

appropriate order and dependencies 

among the activities to execute all 
the activities in the Subject Pre-
Registration Process. This helps the 
users to gain a better understanding 
of the functional and structural 
workings of the business process. 

 
3. BPMN allows users to easily identify 

the interaction between all 
participants that are involved in the 
Subject Pre-Registration Process 
when the relevant activities to be 
implemented by each participant are 
being grouped appropriately into 
different sections. 

 
4. BPMN allows users to perform time 

management where they can plan the 
duration time for each activity of a 

business process when it is integrated 
with the PERT chart. 
 

Additional Comments: 
 
 
 

   

Section B: 

Information Product Map 
Rate BPMN Comments 

 
It is very important for users to utilize high quality information during their 
business decision making process. IP-Map is a model used to systematically 
describe the manufacturing process of an information product in order to 
implement Total Data Quality Management. In IP-Map, data and 
information are being treated much like the products that are being 
manufactured in the industry. 
 
The statements below describe about the features that are available in IP-
Map. Please rate the usefulness of the features towards business decision 
making. Please rate the feature at the BPMN column if the feature is 

present in BPMN. 
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5. The output of IP-MAP includes 

intermediate and final information 

products. In the Subject Pre-
Registration Process, information 
products are management-level 
reports such as the student pre-
registration report, course and subject 
report, student registration report etc. 

 
6. IP-MAP helps users to understand 

the system architecture of the 
organization. Through the IP-MAP, 
they can understand how data is 
processed and stored in the database 
and data warehouse. 

 
7. IP-Map helps users to visualize the 

data processing steps to generate the 
information reports using the 
appropriate data capturing, 
validating, processing, storing and 
generating processes. This allows 
users to identify the critical data, 
steps, timeline and dependencies for 
an information report. 

 
8. Users need to be assured of the 

quality of data by knowing how 
complete and accurate the data is 
before using it for any decision 
making. A weight is assigned by the 
users to specify the importance or 

relevance of the data when 
computing the data quality 
parameters. IP-Map allows the users 
to do so by modifying the weight of 
data according to their requirements. 

 
9. IP-Map provides the following two 

functions of time management: 
(a) To estimate the time required for 

generating a set of information 
reports. 

(b) To determine the critical path 
with the timeliness details of each 
activity through the PERT chart. 
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Additional Comments: 
 
 
 

   

Section C: Business Intelligence Product Map Rate Comments 

 
BIP-Map is built as a multi-layered framework by modifying and 
integrating the salient modeling and management techniques of BPMN and 
IP-Map. Multiple BI Dashboards are being attached onto the 1st layer of 
BIP-Map to provide users the important visual information in a summarized 
and detailed manner. 
 

BIP-Map Layer 1 is a modified version of the BPMN model while BIP-

Map Layer 2 is a modified version of the IP-Map model. These two layers 
provide users a clear and proper workflow of the business and information 
processes that are involved in the Subject Pre-Registration Process 
respectively. 
 

The statements below describe about the features that are available after 
integrating the three models to construct the BIP-Map. Please rate the 

usefulness of the features towards business decision making. 
 

 
10. Mapping the business processes (BPMN) 

with information processes (IP-MAP) using 
the appropriate navigation and highlighting 
functions: There are many occasions (e.g. 
failure to meet a certain deadline) where a 
user needs to identify the detailed data 
processing steps (Layer 2, IP-MAP) that are 
related to the business activities (Layer 1, 
BPMN). 

 
11. Bringing the information product (BI 

Dashboard) from the BIP-MAP Layer 2 
(IP-MAP) into Layer 1 (BPMN) enables 
users to view the important information in a 
visual manner using various kinds of graphs 
or charts. This is useful for management 
users to view the summary report of a 
business activity. 

 
12. Retrieving and viewing detailed data related 

to a business process and an information 

product at the 1
st
 layer of BIP-Map: The 

management users can conveniently retrieve 
very specific data used to generate the 
information product, when needed. 
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13. Identifying the (critical) data for each 

activity: A weight is automatically calculated 
for the data based on the frequency and 
condition of its usage in the BI Dashboard. 
The weight of data will enable users to 
identify the importance of each data item. 
The weight is useful to compute the data 
quality, i.e., completeness and accuracy of 
the data. 

 
14. Time management in BIP-MAP: BIP-MAP 

allows users to perform time estimation 
using the PERT chart function. The timing 
parameters from Layer 2 (IP-Map) can be 
automatically transformed into Layer 1 
(BPMN). 

 

Additional Comments: 
 
 
 

 

Section D: Comparison between Models 

 
Please rate the performance of each item in every model with a score (0 – 5) 
and rank them accordingly (1 – 3). Kindly provide your comments also. 
 

Items to Evaluate  BPMN IP-Map BIP-Map 

15. Business Process Management: 
To break down the processes 
into sub tasks by having them to 
be represented by different 
modules so that all the processes 
can be managed easily. 

Score    

Rank 

   

16. Business Process Management: 
To identify the roles of 
participants and their 
interactions with one another for 
different tasks. 

Score    

Rank 

   

17. Business Intelligence Reporting: 
To identify the intermediate and 
final deliverables at different 
phases of a process. 

Score    

Rank 
   

18. Time Management: 
To estimate the time that is 
required to complete each 
activity available in a process. 

Score    

Rank 
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19. Information Process Management: 
To model the processes that 
describe how data is being 
captured, validated, processed, 
stored and utilized to generate 
the information reports. 

Score    

Rank 

   

20. Data Quality Management: 
To help users identify the 
importance of data by providing 
a weight for each data item. 

Score    

Rank    

Additional Comments: 
 
 
 

Section E: Overall Feedback 

 
21. Does the BI Dashboard serve as a useful tool for decision making when 

the users are able to view the information of an organization in a 
summarized and detailed manner? Please provide your comments. 

______________________________________________
______________________________________________ 

 
22. Does the first layer of BIP-Map provide users a clear picture about the 

business processes that are involved in producing reports used for 
making decision in an organization? Please provide your comments. 

______________________________________________
______________________________________________ 

 
23. Does the second layer of BIP-Map provide users a clear picture about 

how the data is being captured, processed, stored and utilized 
throughout an organization? Please provide your comments. 

______________________________________________
______________________________________________ 

 
24. How useful is the integration of the two models and the BI Dashboard in 

assisting users to perform the decision making process? 

______________________________________________
______________________________________________ 

 
25. Which areas of the BIP-Map need to be enhanced in order to produce a 

better framework for Business Intelligence? How should it be 
improved? 

______________________________________________
______________________________________________ 

 

Thank you for spending your precious time in doing this survey. 
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Appendix B: Survey Questions for Online Job Recruitment Company 

 
 
 
 

 

UNIVERSITI TUNKU ABDUL RAHMAN 

Faculty of Information & Communication Technology 

Department of Information Systems 
 

Survey Questions 
 

A Business Intelligence (BI) system provides users with actionable 
information to support decision making process. However, often business 
users still possess limited picture about the entire information manufacturing 
process underneath a particular piece of BI product. They are not able to trace 
the information manufacturing chain, let alone the information quality 
throughout the information manufacturing process. In response to this, an 
integrated information manufacturing framework for BI systems, so-called 
Business Intelligence Product Map (BIP-Map) has been proposed and 
developed. 
 

Please take a moment to provide your feedback. Your time spent in doing this 
survey is highly appreciated. Thank you. 
 

Job Position 
 

SD D N A SA 

Strongly 
Disagree 

Disagree Neutral Agree Strongly 
Agree 

 

Please tick only one answer at any of the 

following 5 columns. 

SD D N A SA 

1. BI Dashboard is useful in providing 
information to Managers and Business 
Analysts during the decision making 
process of an organisation. 

     

2. Managers and Business Analysts may 
possess limited picture about the entire 
information manufacturing process 
underneath a particular piece of graph or 
chart produced in the BI Dashboard. 

     

3. It is good to have a framework that can 
allow users to identify the business 
processes that are related to the 
information provided to them. 

     

4. It is good to have a framework that can 
allow users to visualise the manufacturing 
processes of information in their 
organisations especially from a quality 
aspect. 
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5. It is good to have a framework that can 
allow users to understand the real 
meaning of data by referring to the 
metadata available in the framework. 

     

6. Having such a framework would allow 
users to easily identify the critical phases 
that may create data quality problems. 

     

7. Having such a framework would allow 
users to implement continuous 
improvement for the BI needs of their 
organisations. 

     

8. The BIP-Map is useful since it provides 
the workflow of business processes so that 
users can understand the relationship of 
all participants and processes for a 
business transaction in order to implement 
Business Process Management. 

     

9. The BIP-Map is useful since it provides 
the workflow of information processes so 
that users can identify how the data is 
being captured, processed, stored and 
utilised in order to produce better 
information products. 

     

10. The BIP-Map is useful since it provides 
metadata so that users can understand the 
real meaning of the data before using it to 
make important decision for their 
organisations. 

     

 

 
1. Do you think the BIP-Map is useful for business decision making when it 

is being integrated into a Business Intelligence Dashboard? 
 
 
2. Does the first layer of BIP-Map provide users a clear picture about the 

business processes that are involved in producing reports used for making 
decision in an organization? 

 
 
3. Does the second layer of BIP-Map provide users a clear picture about how 

the data is being captured, processed, stored and utilized throughout an 
organization? 

 
 
4. Does the third layer of BIP-Map provide users important metadata that can 

describe the meaning of data available in the database and data warehouse 
of an organization? 

 
 
5. Which areas of the BIP-Map need to be enhanced in order to produce a 

better framework for Business Intelligence? 
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Appendix C: BIP-MAP for Job Advertisement 

 
 
 
 
This process models the steps that are involved for a job advertisement to be 

added, updated or deleted from the online job recruitment firm. 

 
 

 
Figure 1: BIP-MAP Layer 1 (Job Advertisement) 

 

 
Figure 2: BIP-MAP Layer 2 (Job Advertisement) 
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The job advertisements available in the online job recruitment firm are 

compared to the job advertisements available in other media printing 

companies. 

 
Figure 3: BI Dashboard (Job Advertisement – In Number) 

 

 
Figure 4: BI Dashboard (Job Advertisement – In Percent) 
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This metadata describe how the job advertisement data is being validated 

before storing into the database. 

 
 

Figure 5: Metadata for Data Validation (Job Advertisement) 
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This metadata describe how the job advertisement data is being transformed 

from the database into the data warehouse. 

 
 

Figure 6: Metadata for Data Transformation (Job Advertisement) 
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This metadata describe how the job advertisement data is being generated 

from the data warehouse. 

 
 

Figure 7: Metadata for Data Generation (Job Advertisement) 
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This metadata describe the meaning of each job advertisement data available 

in the database. 

 
 

Figure 8: Metadata for Database (Job Advertisement) 
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This metadata describe the meaning of each job advertisement data available 

in the data warehouse. 

 
 

Figure 9: Metadata for Data Warehouse (Job Advertisement) 
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Appendix D: BIP-MAP for Competitor Advertisement 

 
 
 
 
This process models the steps that are involved for a job advertisement 

belonging to a competitor of the company to be added, updated or deleted 

from the online job recruitment firm for the purpose of data analysis. 

 
 

 
 

Figure 10: BIP-MAP Layer 1 (Competitor Advertisement) 
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Figure 11: BIP-MAP Layer 2 (Competitor Advertisement) 
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The job advertisements available in the online job recruitment firm are 

compared to the job advertisements available in the competitor companies. 

 
 

Figure 12: BI Dashboard I (Competitor Advertisement) 
 
 

 
 

Figure 13: BI Dashboard II (Competitor Advertisement) 
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This metadata describe how the job advertisement data of the competitor 

company is being validated before storing into the database. 

 
 

Figure 14: Metadata for Data Validation (Competitor Advertisement) 
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This metadata describe how the job advertisement data of the competitor 

company is being transformed from the database into the data warehouse. 

 
 

Figure 15: Metadata for Data Transformation (Competitor Advertisement) 
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This metadata describe how the job advertisement data of the competitor 

company is being generated from the data warehouse. 

 
 

Figure 16: Metadata for Data Generation (Competitor Advertisement) 
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This metadata describe the meaning of each competitor's job advertisement 

data available in the database. 

 
 

Figure 17: Metadata for Database (Competitor Advertisement) 
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This metadata describe the meaning of each competitor's job advertisement 

data available in the data warehouse. 

 
 

Figure 18: Metadata for Data Warehouse (Competitor Advertisement) 


