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Abstract

In order for a well functioning data warehouse to succeed many components must work 

together. Metadata, usually called data about data, is an important part. A more detailed 

description is that metadata is a documentation, description and explanation about the 

contents of the data warehouse. Metadata is supposed to be a helping hand to all co-

workers in an organization that work directly or indirectly with the data warehouse. 

The main purpose of this research is to determine through feedback from the business end 

users and the other knowledge workers (like data base administrators), if metadata is 

needed for achieving the data quality, and hence the role of metadata in the data 

warehousing environment. To answer that question a qualitative survey has been carried 

out. Two different types of employees from two organizations have been interviewed.

The conclusion is – Data quality indicators like data accuracy, data timeliness are well 

managed if the metadata is well defined or improved, so proper management of metadata 

can have the positive impact on the data quality. As the most end users are not much 

aware of the concepts of the metadata even though they are using the related tools, 

organizations make them learn by creating interest in them.
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1.0 INTRODUCTION

In this chapter we discussed the background information of our area of research. First 

we explained the data warehouse architecture. Then we continued with the problem area 

and research question. In the end of this chapter delimitations are put forth.

1.1 BACKGROUND

According to W. H. Inmon, “Father of the Data warehouse”, data warehouse is a subject 

oriented, integrated, time variant, non volatile collection of data in support of 

management’s decisions.

According to Ralph Kimball ("The Data Warehouse Toolkit") “a data warehouse is a 

copy of transaction data specially structured for query and analysis”. That is, users can 

access the data, as they want for the analysis by querying.

“A data warehouse combines various data sources into a single source for end user 

access. End user can perform ad hoc querying, reporting, analysis, data mining and 

visualization of warehouse information. The goal of data warehouse is to establish a data 

repository that makes operational data accessible in a form that is readily acceptable for 

decision support and other applications.”(EfraimTurban, Jay E. Aronson 2001)

According to Gray and Watson (1998), data warehouse is divided into three parts-

1. Data warehouse itself, which contains data and its associated software. (Data 

management layer)

2. Data acquisition (back end) software, which extracts data from legacy systems 

and external sources, consolidates and summarizes the data, and loads it into the 

data warehouse. (Data staging layer)

3. Client (front end) software, which allows users to access and analyze data in the 

data warehouse. (Data accessing layer)
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The major technologies related to the data warehousing that are used for decision support 

are the online analytical processing (OLAP), data mining, and the data visualization.

OLAP- Online analytical processing is “a category of software technology that enables 

analysts, managers and executives to gain insight into data through fast, consistent, 

interactive access to a wide variety of possible views of information that has been 

transformed from raw data to reflect the real dimensionality of the enterprise as 

understood by the user”. (Inmon, 1992) that is, the technology facilitates the multi 

dimensional analysis of the data, which in turn useful in decision support system. 

Data mining- Data mining is the term used to describe knowledge discovery in 

databases. Some times we have extract data from large databases, which can have storage 

of data from several years (data warehouse). An end user who has little or no 

programming skill asks some ad hoc queries and gets the required answers (data) quickly. 

The data mining tools are easily combined with spreadsheets and other software 

development tools, so that mined data can be analyzed and processed quickly. 

(EfraimTurban, Jay E. Aronson 2001)

Data visualization- It consists of pictures for analysis and decision making that include 

digital images, geographical information systems, graphical user interfaces, multi 

dimensions, tables and graphs, virtual reality, three dimensional presentations, and 

animation. (EfraimTurban, Jay E. Aronson 2001)
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COMPONENTS OF DATA WAREHOUSE (RALPH KIMBALL)
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Basic elements of the data warehouse

(Ralph Kimball- the data warehouse toolkit)
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As shown in the above diagram (from the data warehouse tool kit by Ralph Kimball) 

there are four separate distinct components to be considered in the data warehouse –

1. operational source systems

2. data staging area

3. data presentation area

4. data access tools

Operational source systems:  these are the operational systems of record that capture the 

transactions of the business. The source systems should be thought of as outside the data 

warehouse because there can be no or little control over the content and the format of the 

data in these operational legacy systems.

The operational systems contain little or no historical data, and if we have a data 

warehouse, the source systems can be relieved of much of the responsibility for 

representing the past.

Each source system is often a natural stovepipe application, where little investment has 

been made to sharing common data such as product, customer, geography or calendar 

with other operational systems in the organization.

Data Staging Area: the data staging area is everything between the operational source 

systems and the presentation area. i.e., it’s the place where the data is extracted to, 

transformed and then loaded into the presentation area. Once data is extracted into the 

staging area, there are numerous potential transformations, such as cleansing the data 

(correcting misspellings, resolving domain conflicts, dealing with missing elements, or 

parsing into standard formats), combining data from multiple sources, reduplicating data, 

and assigning warehouse keys. These transformations are all precursors to loading the 

data into the data warehouse presentation area.

The data staging area is dominated by the simple activities of sorting and sequential 

processing. In many cases, the data staging area is not based on relational technology but 

instead may consist of a system of flat files.
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Data Presentation area: the data presentation area is where data is organized, stored, and 

made available for the direct querying by the end users, report writers, and other 

analytical applications. Typically this presentation area consists of a series of data marts. 

In its most simplistic form, a data mart presents the data from single business process.

In the presentation area data is presented, stored, and accessed in dimensional schemas. 

Dimensional modeling is the new name for an old technique for making data simple and 

understandable. Dimensional modeling addresses the problem of overly complex 

schemas in the presentation area. A dimensional model contains the same information as 

a normalized model but packages the data in a format whose design goals are user 

understandability, query performance, and resilience to change.

Data marts must contain the detailed, atomic data. Atomic data is required to withstand 

assaults from unpredictable ad hoc user queries. The data marts also contain performance 

enhancing summary data, or aggregates. 

All the data marts must be built using common dimensions and facts, which we refer to 

as conformed. This is the basis of the data warehouse bus architecture. Without shared, 

conformed dimensions and facts, a data mart is a stand-alone stovepipe application.  The 

data warehouse presentation area in a large enterprise data warehouse ultimately will 

consists of 20 or more very similar looking data marts. The dimensional models in these 

data marts also will look quite similar.

Metadata is one important concept that plays a crucial role in the data warehousing 

environment. All the metadata for the data warehousing environment is managed in the 

data presentation area which consists mainly of data access tools.

Data access tools: the final major component of the data warehousing environment is the 

data access tools. These tools provide variety of capabilities to the business users to 

leverage the presentation area for analytical decision-making.

A data access tool can be as simple as an ad hoc query tool or as complex as a 

sophisticated data mining or modeling application.
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Metadata-  

Literally metadata is “data about data”.

A real world example of metadata is a library catalog, which contains data about the 

information about a book like contents, names of authors, location of the book etc.

Metadata is used in data warehouse various ways (using DW-Inmon)-

-It is a directory to help the DSS analyst to locate the contents of the DW.

-It is a guide to the mapping of data as the data is transformed from the operational 

environment to the DW environment.

-It is the guide to the algorithms used for summarization between the current detail data 

and the lightly summarized data and lightly summarized data and the highly summarized 

data.

Metadata is referred to as “technical” or “business focused”. (DW management hand 

book-Richard  J Kachur)

Technical metadata cover the data movement, translation, aggregation, and the 

presentation of data. Examples of technical metadata include database system catalogs, 

data dictionaries, database designs (schemas), automated source code management 

systems.

Business metadata focus on what the information means to the business. Business 

metadata define information about the business and what this data means.
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The end user or DSS analyst (Decision support system analyst) is the one who unlocks 

the secrets of information that are held within the bits and bytes of the data warehouse. 

i.e, the objective of the end user is the informational processing. (W.H.Inmon, 1994)

End-user metadata serves a business purpose; it translates a cryptic name code that 

represents a data element into a meaningful description of the data element so that end-

users can recognize and use the data. For example, metadata would clarify that the data 

element "ACCT_CD" represents "Account Code for Small Business."

(http://www.gantthead.com/)

The end user metadata (business metadata) contains –

 Physical structures

 Information about data source

 Mapping of source to the data warehouse information

 Information about data transformation

 Alias information, status and volumetric information

The detailed description of end user metadata information is given next in chapter 2. 

(Starting from p20)

End user accesses the data warehouse through the data access tools. Different types of 

tools are available in the market which makes the data access efficient for the end users.

http://www.gantthead.com
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1.2 PROBLEM AREA

Data at the right time to the right audience is the key for any successful data warehouse. 

Some of the factors that lead to the poor quality data are –

 Problems in data acquisition

 Data coming from different sources may not integrate properly.

 Redundant, inaccurate data continues to grow in the data warehouse.

 Ineffective data update process.

We know that, before we use the data from the data warehouse the data are first collected, 

transformed and loaded into the warehouse. In order to get the required result the data 

should be accurate and timely. 

Poor data quality such as inaccurate, conflicting, missing information leads to erroneous 

and costly business assumptions. Lack of timely information also results in slow reaction 

to changes in the business climate, contributing to lost opportunities and reduced sales. In 

dealing with these problem data warehousing projects invest 70 to 80 percent of their 

total project time and resources. Without this effort, doubt over the validity and the 

accuracy of the data stored in the data warehouse often causes projects to fail. Credibility 

is essential. Not only must the data be quality before it enters the data warehouse, but it 

also must be audited to prove the correct sources were selected when doubt creeps into 

the minds of our business users.  (Richard Kachur). 

According to Richard Kachur, in the data warehouse environment, data quality 

management must focus on implementing a process by which credible, accurate, and 

timely information is extracted from a preferred subset of internal and external sources.
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1.3 PURPOSE AND RESEARCH QUESTION

Primary consumers for the contents of the data warehouse are the end users or decision 

support system analysts (DSS analysts) within the organizations. The efficient use of the 

data warehouse for management decision making depends on the effective use/retrieval 

of the data warehouse information by the end users or DSS analysts or any other 

knowledge workers from the organization.

As we see the problem area, we think that in dealing with the problems/errors in the data 

warehousing environment metadata plays a key role. 

The data staging area, data presentation area, and data access tools contain their own 

metadata to be maintained. The other way all the phases of data warehouse consist of 

metadata information to be stored. Most of the times this metadata is centralized and 

managed as a metadata repository/directory from the data access layer.

We are going to investigate the role of metadata on the end user perspective, because the 

validity of data can be judged only according to the end results when the data is retrieved 

from the data warehouse. So our research problem lead to the following questions-

“What will be the impact of metadata on the data quality in the data warehousing 

environment?”

Impact literally means “to have an effect upon”. So the above question implies that 

metadata plays a special role in maintaining the data quality.  The main purpose of this 

research is to determine through feedback from the business end users and the other 

knowledge workers (like data base administrators), if metadata is needed for achieving 

the data quality. 
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1.4 DELIMITATIONS

Our study is about the impact of metadata on the data quality. The problem area is huge 

as the data warehouse environment consists of three different phases and each phase has 

its metadata management. So we limited our study to the data retrieval/access phase. In 

this phase end user accesses the data warehouse for the data.  

In order to achieve the result we have taken three indicators of data quality and 

investigate how these concepts depend on the metadata.  These are data accuracy, data 

consistency, and data timeliness. The three aspects which are critical to data are accuracy, 

consistency, and timeliness. (http://www.infogain.com/). So among all these data quality 

indicators data accuracy, data consistency, and data timeliness are chosen in our research.

And the end user metadata contain many kind of metadata explained in chapter-2 

following the page no. 20.  We have chosen the basic components, mapping information, 

extract history, versioning. Basic components of the metadata are tables and its attributes 

and keys which are core for any database management system. So we have chosen them 

as our first choice. And the remaining metadata data like mapping information, extract 

history, and the versioning are the concepts which we feel that are most familiar and 

important to the end user as we interviewed them while creating the frame work for our 

research.

http://www.infogain.com/
http://www.infogain.com
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2.0 FRAME OF REFERENCE

In this chapter the block diagram showing the frame work of research is explained 
followed by the crucial data quality indicators. Metadata life cycle is explained. And then 
our hypothesis on the relation between the data quality indicators and the metadata is put 
forth.

The following block diagram is the reference to our research.

Figure 2.1
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administrators to track the lineage of the data they are using. Meta-data provides 
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generated by front end query tools. Both types of meta-data are critical to a successful 

data mart or warehouse solution. 

Examining meta-data enhances the end user's understanding of the data they are using. It 

can also facilitate valuable “what if” analysis on the impact of changing data schemas and 

other elements. For administrators, meta-data helps them ensure data accuracy, integrity, 

data timeliness, and consistency. (www.DataWarehousing.com - metadata management 

crucial to data warehousing success)

According to www.syntelinc.com  eleven steps to success in data warehousing are the 

following-

1. Recognize that the job is probably harder than you expect.

2. Understanding the data in your existing systems.

3. be sure to recognize equivalent entities,

4. Use metadata to support data quality.

5. Select the right data transformation tools.

6.   Take advantages of external resources.

7. Utilize new information distribution methods.

8. Focus on higher payback marketing applications.

9. Emphasize early wins to build support throughout the organization.

10. Don’t underestimate hardware requirements

11. Consider outsourcing your data warehouse development and maintenance.

From these steps fourth step implies that metadata is the key to maintain the data quality. 

Metadata is crucial for successful data warehouse implementation. By definition, 

metadata is data about data. There are many types of metadata that can be associated with 

a database: to characterize and index data, to facilitate or restrict access to data, to 

determine the source and currency of data etc. one major challenge is trying to 

Synchronize the metadata between different vendor products, different functions and 

different metadata stores. A major data center might easily have a 500-page schema 

layout or COBOL copybooks with 200,000 lines and up. But the chances are that many 

http://www.syntelinc.com/
http://www.DataWarehousing.com-metadatamanagementcrucialtodatawarehousingsuccess
http://www.DataWarehousing.com-metadatamanagementcrucialtodatawarehousingsuccess
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undocumented changes have still been made to minimize the work involved in dealing 

with historical data. This emphasizes the important of starting as soon as possible to 

create and capture metadata for interfaces, business processes, and database 

requirements. Several vendors have developed products that have the potential to 

integrate metadata from disparate sources and begin to establish a central repository that 

can be used to provide the information needed by both administrators and end users.

The end user depends upon the metadata at the time of data retrieval. He may get 

different types of errors/problems in the data retrieval. The data may not be accurate, 

response time is very long, or data may not be consistent. End user has to depend upon 

the metadata to solve the problems encountered.
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The life cycle of metadata

(Data warehouse Practical advice from the experts, Joyce Bischoff, Ted Alexander)

There are three stages in metadata life cycle.

1. Collection –in this sta4ge the metadata is identified and captured in the central 

repository.

2. Maintenance – in this phase the metadata must be kept up to date with the changing 

data architecture.

3. Deployment – this phase provides metadata to users in the right form and with the right 

tools.

1. Metadata collection: The metadata that can be useful for a data warehouse spans a 

wide variety of domains, from physical structure data, to logical model data, to business 

usage and rules. Each of these types requires its own strategy to collect. Some can be 

automated to a great degree, while others will involve more manual effort.

Four distinct categories of metadata –

Warehouse data sources – the most fundamental types of metadata that can be collected is 

from the operational systems, external data that available, and the information that is 

currently maintained manually.

Ex:  PC-based spread sheet maintained by the finance department, some purchased sales 

data acquired from a vendor, and some customer contact logs that are currently 

maintained on paper by the customer service department.

Even though these data sources are on different platforms and are stored in very different 

formats, we have a consistent need to understand both the physical structure of the data 

and the meaning of the data. We need to document what the record structures and discrete 

data elements are, including specific data types.
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Data models – the second type of metadata that plays an important role is data 

warehousing information about the data models. In designing the data warehouse it is 

important to understand the logical model that defines the business entities, relationships, 

and the rules that exist in the operational environment. Usually the enterprise data model 

is used as starting point for creating the warehouse data model and then modifications 

and transformations are applied to that model.

An Enterprise Data Model (EDM) represents a single integrated definition of data, 

unbiased of any system or application. An EDM is a data architectural framework used 

for integration. It minimizes data redundancy, disparity, and errors; core to data quality, 

consistency, and accuracy.

Warehouse mappings – the third category of metadata that must be captured in designing 

the warehouse is the mapping of operational data into the warehouse data structures. 

Elements from the operational systems, external data, and other sources are mapped into 

the warehouse structures. Each time a data element from one of the sources is mapped to 

the warehouse the logical connection between these data elements and also any 

transformation or alteration that takes place should be recorded. These mappings can be 

recorded in a form that is easy to understand for the developers who will implement the 

mapping and will also be easy to integrate into the metadata store. Often, a spread sheet 

or any relational database can be used to record these mappings.

Warehouse usage information – this information can be captured only after the 

warehouse has been rolled out to users. This information is very important for several 

reasons that include better performance tuning of the warehouse, greater reuse of existing 

queries, and understanding of how information in the warehouse is being used to solve 

business problems.

To understand each query executed against the warehouse, one has to depend upon the 

database monitoring tool to intercept and interpret each query executed. The data from 

tool is stored in the central metadata store so that it can be analyzed and tracked. And also 

these queries which are executed can be reused in future. An end user can simply retrieve 
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an existing query and execute it if it meets the requirement or else he can make simple 

changes to existing query and execute it.

2. Maintaining metadata: after the collection of metadata it has to be maintained to 

reflect the changes in data. Automation is only the key to maintain the current and high 

quality information. The best approach for maintaining each type of metadata depends on 

how it was originally collected, and how often it changes, and the volume of metadata 

generated.

A high level of automation can be achieved for the physical data that reflects the structure 

of data sources and of the data warehouse itself.

For the business rule information and data models, the metadata will probably have to be 

maintained manually. Even with an interface between a CASE tool and the metadata 

repository, it is probably not desirable to have model changes propagated to the 

repository automatically.

Data warehouse mapping and transformation information should also be maintained. If 

the mapping is done with the data warehouse construction tool and there is an interface 

tool between the tool and the metadata store, then the maintenance of this information is 

inherent and automatic. 

Data warehouse usage information is the final type of information that must be 

maintained. Since the usage of specific tables and data structures by warehouse queries is 

dynamic, it should be periodically appended, rather than changing existing information. 

The periodic addition of information is usually inherent in the tool used to capture 

database access information. For higher level usage information that specifies the 

description and business purpose of each query stored in the data warehouse environment 

a purely manual approach must be taken.

3. Metadata deployment: supplying the right metadata to the right audience is the key to 

success of the data warehouse initiative. There are distinct groups of people who use 

metadata, and their needs are different. 
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Warehouse developers – Warehouse developers require sophisticated access to detailed 

metadata. The primary forms of metadata that they will use are the physical structure 

information for the data sources, the enterprise data model, and the warehouse data 

models. They use the information about the data sources to perform analysis and to map 

those sources to the warehouse.

Developers are primarily concerned with the accuracy and the completeness of the 

metadata that they use.

Maintaining the warehouse – If the structure of an application database is being changed,

the warehouse team needs to respond to that change. Warehouse data structures may have 

to be changed. Data marts may have to be altered. End-user queries may have to be 

rewritten. Using the metadata the maintenance team could perform relevant operations 

accordingly.

End users – Without proper metadata in easy to access format, end users cannot explore 

the warehouse, create queries, and correctly interpret the data they find in the warehouse. 

Users of the warehouse are primarily concerned with two types of metadata. The first 

type tells them what is in the warehouse and the where it came from. That is., they want 

to be able to see an inventory of the warehouse by subject area or high level topic. Then 

they want to select a table or an element and be presented with its full definition, business 

meaning, valid values, and usage rules. They also want to see, at high level, the sources 

of data. The second type of the metadata that is critical to end-users is information about 

what queries already exist that they might reuse. If users identify a table that they wish to 

query then they should be able to view a list of queries that access that table, along with 

descriptions of those queries. If the existing queries can meet the requirements of the user 

then they can reuse the queries instead of starting from scratch.
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There are number of indicators of data quality.

(Data warehouse Practical advice from the experts, Joyce Bischoff, Ted Alexander)

1. The data is accurate –

Data accuracy confirms to the correctness of the data. For example the customer name is 

spelt correctly and the address is correct.  If the marketing department does not have the 

correct profile for the customer, marketing will attempt to sell the customer the wrong 

products and present a disorganized image of the organization. When the data on the 

company vehicle is entered in to the system, it may be valid (a vehicle number that is in 

the database), but it may be inaccurate (the wrong vehicle number).

2. The data is stored according to data type –

If the field of the data is given as a type (integer or character) the entered values should 

be of the same type.

3. The data has integrity –

Referential integrity rules will be properly defined in the logical data models and 

implemented in the physical data models. The data will not be accidentally destroyed or 

altered.

4. The data is consistent –

This allows for data to be integrated and shared by the multiple departments across 

multiple applications and multiple platforms.

5. The databases are well designed –

It performs satisfactorily for intended applications, it is extendible and exploits the 

integrity capabilities if the DBMS.
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6. The data is not redundant –

No organization has ever totally eliminated redundant data. The data redundancy should 

be intentional in the data warehouse. The redundant data to be minimized is the following 

data-

The creator of the data is unaware of existence of such data.

The redundant data is created, as the available data is unacceptable to the new system.

The owner of the primary data would not allow the new developer to view or update the 

data.

Lack of control mechanism for data update indicated the need for a new version of the 

data.

The lack of security controls dictated the need for the redundant subsets of the primary 

data.

7 .The data is well understood –

It does no good to have accurate and timely data if the users do not know what they 

mean. Naming standards are a necessary condition for well-understood data.

8. The data is integrated –

Database integration requires the knowledge of the characteristics of the data, what that 

means, and where the data resides. This information would be kept in the data 

dictionary/repository. 

9. The data is timely –

Timeliness is subjective and can only be determined by the users of the data. The users 

will specify that monthly, weekly, daily, or real-time data is required.
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The end user and metadata –

As the main aim of data warehouse is to serve the DSS (Decision Support System) 

analyst or end user in making right decisions in the business operations. In order to access 

the data from the data warehouse this end user required to know what data is available 

and where is this data available in the data warehouse. At this point of view metadata is 

much useful in accessing the data warehouse and so in making business decisions.

                                                                               Metrics        data model
                                                                 Alias                                               development                     

                                                             Mapping                                                          source

                                                                        Security
                                                                                                                                
                                                                                                                          Loading
                                                                                                                              Schedule                      

                    
                                                                                                                       dw description

Data
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Figure 2.2     

Metadata and the end user (using the data warehouse- W. H. Inmon)

METADATA
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There is a wide variety of metadata that needs to be available to the end user analyst. 

Some of the important components of the data warehouse metadata are (Using the data 

warehouse -W. H. Inmon) –

The source of the data in the data warehouse – the identification of “the system of 

record”:  Knowing what the original, unintegrated operational systems are for the tables 

in the data warehouse is very useful when the source of data for the data warehouse is 

called into question.

The transformation that has occurred from the time the resided in the unintegrated, 

operational environment until the data arrived in the data warehouse: In some cases, very 

little is done to the data as it passes into the warehouse; in other cases much processing is 

done. In order to the end user to understand what data really represents and what the best 

source for analysis in the data warehouse is, transformation data is needed. 

The actual description of data in the data warehouse: This is the simplest of the data 

metadata requirements. The end user needs to know what tables are available, and what 

fields are in the tables, the descriptive information about the fields, and the physical 

characteristics of the fields in order to formulate the requests.

“Versioning” to the storage of the essential metadata over time: From January to 

February there may be one source of data for a table, but in March the source may have 

changed. Since data is stored in the data warehouse continuously, there is a need to keep 

track of metadata overtime. In other words, in order to do effective analysis, the end user 

needs to know that at one point in time there was one source of data and at another point 

in time there was another source of data for the same table in the data warehouse.

Data model information: the data model is useful to the end user analyst in that it 

provides a high level road map for finding out what data is in the warehouse. The linkage 

of the data model and the tables of the data warehouse can be very important in the 

strategic usage of the data in the data warehouse.
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Development: the data warehouse is in the constant state of development. Keeping track 

of what has been implemented and what is in the works is important to the end user 

analyst.

Security: data warehouse requires a more fundamental level of security than other forms 

of databases. The end user analyst needs some indication of what data is protected and 

where to look if access to protected data is required.

Loading schedule: while accessing data is important, the end user also needs to know 

when the data was last refreshed (last night, today, or last month?).

Basic components:

The basic components of the data warehouse metadata include the tables that are 

contained in the warehouse, the keys of those tables, and the attributes.

(White paper METADATA IN THE DATA WAREHOUSE BY W.H.Inmon)

Figure 2.3
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The basic components of the data warehouse contain information of the tables in the data 

warehouse, the keys of those tables and the attributes. If any of the information about the 

tables, keys and attributes of those tables are given wrong in the data warehouse metadata 

then the end user who access the information encounter some invalid data which is data 

accuracy problem.

Mapping information: 

When the data flows from the operational environment to the data warehouse some 

information is stored in the data warehouse metadata store. Like, identification of source 

fields, attribute conversions, physical characteristic conversions, encoding/reference table 

conversions, naming changes, key changes, information about multiple sources etc.

(White paper METADATA IN THE DATA WAREHOUSE BY W.H.Inmon)

Figure 2.4
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The mapping information like identification of source fields, attribute conversions, 

physical characteristic conversions, encoding\reference table conversions, naming 

changes, key changes, information about multiple sources etc. is stored in the data 

warehouse metadata store.

If any of the mapping information  are given wrong in the data warehouse metadata store 

then the end user who access the information encounter some invalid data, wrong data  

which are data accuracy, data consistency problems.

Extract history: 

Using this information an end user analyst can know when the particular data is entered 

the warehouse and when the data in the warehouse was refreshed last time.

If the extract history information is wrongly stored or not updated then the end user 

encounter wrong data which is data accuracy problem.

(White paper METADATA IN THE DATA WAREHOUSE BY W.H.Inmon)

Figure 2.5
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Alias information:

Alias information is an attribute and key information that allows for alternative names. In 

some cases one department names for data have been entered into the warehouse, and 

another department would like to have their names for the data imposed. Alias' are a good 

way to resolve these issues.

Status information:

In some cases a data warehouse table is undergoing design. In other cases the table is 

inactive or may contain misleading data. The existence of a status field is a good way to 

resolve these differences.

Volumetric information: 

Volumetric information is measurements about data in the data warehouse, i.e, number of 

rows in a table, the growth rate of the table, the statistical profile of the table, the usage 

characteristics of the table, indexing for the table and its structure, the byte specification 

for the table etc.
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(White paper METADATA IN THE DATA WAREHOUSE BY W.H.Inmon)

Figure 2.6
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These data retrieval errors are mapped to the data quality indicators like data accuracy, 

data consistency, and the data timeliness. To do this we have come up with the following 

hypothesis in the form of a table shown below.

              Data quality

Metadata
Data accuracy Data Consistency Data Timeliness

Basic components
X X -

Mapping 

information X X -

Extract history
X - -

Versioning
X - X

Figure 2.7

In the above table shows the dependency of data quality indicators on the particular 

metadata. Here ‘X’ denotes the dependency and the ‘-‘denotes that particular situation is 

“not applicable”. 

So according to our hypothesis –

I. Data accuracy depends upon the all the metadata shown in the table. That is., it 

depends on the basic components (the tables that are contained in the warehouse, 

the keys of those tables, and the attributes), mapping information, extract history 

and the versioning. 
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i. Basic components: basic components of the data warehouse are the tables that 

are contained in the data warehouse, the keys of those tables and the 

attributes. If these components are defined wrong or altered the retrieved data 

may not be correct. So the data accuracy is not maintained. 

ii. Mapping information: mapping information is stored in the metadata store 

contains identification of source fields, attribute conversions, physical 

characteristic conversions, encoding/reference table conversions, naming 

changes, key changes, information about multiple sources etc. if this 

information is mismanaged or wrong then the end user can not trace the 

source correctly. And also the retrieval data may be erroneous. So the data 

accuracy is not maintained.

iii. Extract history: Using this information an end user analyst can know when 

the particular data is entered the warehouse and when the data in the 

warehouse was refreshed last time. If this information is not updated the end 

user may not know the details of the data correctly, so retrieved data may not 

be accurate.

iv. Versioning: In order to do effective analysis, the end user needs to know that 

at one point in time there was one source of data and at another point in time 

there was another source of data for the same table in the data warehouse. So 

versioning metadata tell the end user about the source of data overtime. If this 

is defined wrong by the definition of versioning the analyst can not be able to 

do effective analysis. In other words, retrieved data is not accurate, is the data 

accuracy problem.

     

II. Data consistency depends upon the basic components and data mapping metadata.

i. Basic components: basic components of the data warehouse are the tables that 

are contained in the data warehouse, the keys of those tables and the 

attributes. If these components are not updated properly data retrieved from 

the different departments of the organization may not be the same. This is the 

data consistency problem.
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ii. Mapping information: mapping information is stored in the metadata store 

contains identification of source fields, attribute conversions, physical 

characteristic conversions, encoding/reference table conversions, naming 

changes, key changes, information about multiple sources etc. if this 

information is not managed properly the data retrieved from different 

departments of the organization may yield different data. So the data may not 

be consistent.

III. Data timeliness depends upon the versioning metadata as this metadata keeps track 

of the change of data source overtime.

i. Versioning: From January to February there may be one source of data for a 

table, but in March the source may have changed. Since data is stored in the 

data warehouse continuously, there is a need to keep track of metadata 

overtime. If this versioning metadata is not updated or managed properly the 

end user analyst can not make the efficient analysis of the retrieved data. That 

in turn results in the remake of the whole analysis from the scratch which is 

the data timeliness problem. 
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3.0    METHODOLOGY

In this chapter we explain the methodology of research we adopted. In the chapter-1 of 

this thesis, we outlined or stated our research questions. To be able to answer these 

questions required the use of a method. The type of method to employ is based on the 

research question. 

From the existing and established theory about the data warehousing and related concepts 

we came out with the frame of reference on which we conduct the research. Based on this 

frame of reference empirical data is collected and the data is analyzed accordingly.

3.1 RESEARCH APPROACH

3.1.1 DEDUCTIVE RESEARCH

The deductive approach takes a standpoint in the general principles in the theory to make 

more specific conclusions of single events in the empiric (Backman, 1998; Wiederheim-

Paul & Eriksson, 1999).

Our approach is the deductive as this approach is used when the researcher uses already 

established theories and literature as a foundation for the research. After we finished 

collecting the empirical data the results are compared with the established theory.
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3.1.2 QUALITATIVE APPROACH

Qualitative research uses a naturalistic approach that seeks to understand phenomena in 

context-specific settings, such as "real world setting [where] the researcher does not 

attempt to manipulate the phenomenon of interest" (Patton, 2001, p. 39). Qualitative 

research, broadly defined, means "any kind of research that produces findings not arrived 

at by means of statistical procedures or other means of quantification" (Strauss and 

Corbin, 1990, p. 17) and instead, the kind of research that produces findings arrived from 

real-world settings where the "phenomenon of interest unfold naturally" (Patton, 2001, p. 

39).

Qualitative researchers emphasize the socially constructed nature of reality, as based in 

hermeneutics, as well as the value-laden nature of inquiry. They look for the answers to 

questions that stress how social experience is created and given meaning. (Denzin & 

Lincoln, 2000).

Our approach comes under this category since our study is progressed with the 

understanding of theoretical facts and real time happenings. According to that 

understanding we explore the subject for the analysis. 

Interviews, observations, survey are the main things to be considered in our approach 

which are basis for qualitative research. 

3.2 RESEARCH STRATEGY

Yin, (2003) enumerated five major research strategies viz, experiment, survey, archival 

analysis, history and case study. All of these strategies have different advantages and are 

chosen based on the research question(s).

Yin, (2003) notes that case studies are used to a large extent in social science research. 

They are preferred when questions “how or why “are posed and when the focus is on a 

contemporary phenomenon in some real –life context.
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3.2.1 Case Study

A case is a phenomenon that is “naturally present” which already exist before the study is 

performed (Yin, 1994). The case study is appropriate to use in complex situations and it is 

usually intense since the researcher during a long or short period of time gather information 

about an object (Svenning, 2000). We think that the case study is appropriate in our case 

because it is best suited to study the complex situation in a systematic way and we can get the 

information needed by different levels of employees from the organization.

3.2.2 DATA COLLECTION 

According to Yin (1989), there are six different strategies to collect information for the 

case studies. There are documentation, interviews, direct observations, participant 

observation, and physical artifacts. 

The primary source of data collection in our thesis is questionnaires and the telephonic 

interviews.  The secondary strategy in data collection is online communication via e-

mails.

These interviews and the questionnaires are connected together as a research strategy in 

our research. We sent the questionnaires to the respondents before the telephonic 

interview so that they can get time to think and analyze the subject at hand. 

The main purpose in doing telephonic interviews after sending the questionnaire is to get 

more information and deep knowledge about a particular topic. 

This data collection through questionnaires and interviews is continued with the online 

communication via e-mails till the data analysis phase of our research.

Our empirical study is based on the information obtained from the members who are 

working in the data warehousing environment. Our respondents are database 

administrators, end users of the data warehouse. The respondents are chosen from two 

different backgrounds because the concept of metadata is unknown for some of the end 
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users in the companies. In that case database administrator can have the knowledge of 

discussing about the topic at hand. We preferred the companies which have good 

reputation the society and are in the society for a long period of time. As we already 

noted before the interviewing these people is done in two phases. They are sent with the 

problem at hand and the related subject area is introduced to them along with the 

questionnaire. After the first glance at the answers to the questionnaire we had a 

telephonic interview followed by online communication (e-mails) which is become 

platform for analysis phase for our research.
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3.3 LITERATURE STUDY

Our literature study is the basis for the entire work we have done through out the research 

in the area of data warehousing. We have learned most of the concepts and fundamentals 

of the area studying the books obtained from the library of LTU. It helped a lot to get 

acquainted with the subject in the different perspectives and learned different stages in 

the cycle of data warehousing environment. Apart from these books from the library we 

have referred to some articles from the internet which we think are most valuable for our 

study. So the literature study consists of books, white papers, journals, articles on the data 

warehousing. We read many articles in the internet about metadata by different authors 

especially by Inmon in the area of data warehousing. Different search engines we used to 

collect the theory are www.google.com, www.emeraldinsight.com . The keywords we 

used in the search are –“data warehouse”, “metadata”, “data quality”, “case study”, 

“Framework”, “business metadata”, “role of metadata”, “metadata and data quality” 

“metadata and end user” etc.

http://www.google.com/
http://www.emeraldinsight.com/
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3.4 RELIABILITY AND VALIDITY  

Patton (2001) states that validity and reliability are two factors which any qualitative 

researcher should be concerned about: while designing a study, analyzing results and 

judging the quality of the study.

To ensure reliability in qualitative research, examination of trustworthiness is crucial. 

Seale (1999),

According to different authors in qualitative research, reliability has no meaning in this 

type of research, because it denotes the way we understand the problem at hand and the 

way we approach and analyze the data. And if there is no reliability in the data then there 

is no validity. 

We think that as long as the research strategy is strong from its roots and as it is executed 

in a proper way according to the perception and understanding the research is reliable.

Validity is some kind of check or measure for the research.

There are several strategies for achieving reliability and validity, in the other way around 

it is trustworthiness and credibility.

We followed some of them-

Prolonged engagement with and observation of informants: we maintained 

communication with the participants of survey or members whom we interviewed 

through out the research from the data collection stage to the analysis and conclusion and 

interacted with them according to the observations in different contexts.

Triangulation:  we have multiple methods of data collection like interviews, 

questionnaires, apart from that a good theoretical base. We carried out multiple 

investigations with different individuals in the companies like Freddie mac, capital one.

Peer Debriefing: we share the ideas and analyze as a team of two persons. We have the 

guide who can analyze and can recommend the necessary alterations or steps to be 

considered.
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4.0 EMPIRICAL DATA 

4.1 CHOICE OF COMPANIES

4.1.1 FREDDIE MAC –

Freddie Mac makes housing more accessible and affordable for millions of families 

across America. Freddie links homeowners and renters to the world’s capital markets. It 

is a unique mortgage credit system that makes homeownership a reality for more of 

America’s families. Every day, in neighborhoods across America, help families to buy 

their own homes and enjoy quality and affordable rental housing. It has implemented data 

warehouse more than 7 years ago. The respondents that we have interviewed have good 

insight in the company and have long experience of working on data warehouse.

Respondent Mr. X:

According to the employee Mr. X who is working as a database administrator from past 3 

years following points are noted. The data warehouse they use is mainly for decision 

support. This data warehouse consists of around 100 users. They use ETL tools such as 

Ascential Data Stage. They use reporting tools such as - Micro Strategy, Statistical 

Analysis System (SAS), and Hyperion.  They have the metadata repository internally 

with the micro strategy-reporting tool. 

The tool uses the repository every time it has to generate a report. Whenever you create 

an object for use in a report, the data describing the object (data about data – metadata) 

resides in the repository. So when a report has to be generated from the underlying 

objects it is made of, the tool queries the repository to get the details of the object(s). So 

without the metadata repository there is no way the tool can generate the report. If the 

metadata repository is corrupted due to some reason, and cannot be recovered the only 

way is to create the report from scratch.

Here are some problems encountered in Data Retrieval:
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1. Slow Data Access: Sometimes improving the metadata could improve the Data 

Retrieval access time. Because metadata controls the processes and processing steps of 

other data improving metadata could improve retrieval time

For example, if the Monthly Sales is stored in the metadata as SUM(Sales) from the 

Daily Sales table, when retrieving the data for Monthly Sales the computation of Monthly 

sales is done as SUM(Daily Sales). However if a Weekly Sales table also exists, 

specifying Weekly Sales table  too in the metadata makes the computation of Sales metric 

even more faster because the report tries to aggregate using the Weekly Sales Table 

rather than Daily Sales table.

2. Data errors: Wrongly defining metadata like keys or attributes of the tables, mapping 

information will obviously give data errors at retrieval. 

Respondent Mr. Y:

According to Mr. Y, our second respondent in this company, who is working as an end 

user he is trained to use the report generating tools such as Micro Strategy, Statistical 

Analysis System (SAS), Hyperion. Micro strategy creates and maintains the metadata 

repository. Metadata Repository is used by the tool (Micro strategy) to generate the 

reports. 

Because we are using a data warehousing tool which generates its own metadata 

repository, most of the business users are not aware about the concept of metadata 

repository or data warehousing in general, unless some user takes training in the tool. 

However most of the data warehouse developers are aware about the concept of the 

metadata repository.

If a new employee wants to use the tool to create/ generate his own reports the developers 

train them on how to do it.

Most reports are history-based reports such as quarterly report or monthly reports. We get 

frequent errors in retrieving data from different tables in the data warehouse. 
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Some times we get the data errors like invalid data, data type mismatch in the data 

retrieval.

4.1.2 CAPITAL ONE

Established in 1995, it provides financial services offering a broad array of credit, 

savings, and loan products to the customers in the United States, Canada, and UK.

They use data warehousing for decision making. They use the reporting tools like sagent, 

cognos.

Respondent Mr. X:

According to the employee Mr. X who is working as a database administrator from past 5 

years following points are noted. The data warehouse they use is mainly for decision 

support. This data warehouse consists of around 75 users. They use reporting tools such 

as - sagent, cognos.. They have the metadata repository internally with the sagent 

reporting tool. 

We do not use any quality tools in the data warehouse. To check the integrity of data 

generated by the reports the testing team explicitly writes SQL Scripts to validate the 

ETL Process and Generated Reports. The Business Users initially define the report 

requirements which are given to the Development Team. If the report requires any 

aggregation, etc the ETL Team tries to create aggregate Tables in the Data warehouse 

and load the aggregate data from the base tables. The Data Warehousing tool then 

generates the reports on these aggregate tables. This fastens the report Generation process 

rather than doing all the aggregation on the fly from the base tables. 

The SQA (Testing) Team then writes the SQL Scripts based on the report requirements 

from the base tables and checks if the values from Scripts matches the values generated 

from the report  We do get frequent errors in the retrieve data. The easiest way to resolve 

this is to identify if the error was caused due to ETL Process or Report Generation 

Process. For the designated error, the testing team first checks to see that the error did not 

occur from the data populated from the ETL Scripts. If so, the ETL Scripts are corrected. 
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Otherwise the error should be during the report generation process. For example, we 

might have defined a fact or attribute or any other report object (metadata) incorrectly 

which is showing wrong report results. Some of the errors are type mismatch or invalid or 

wrong data. If the metadata like the basic components, data mapping information, extract 

history or versioning is wrong the data may not be accurate.

Respondent Mr. Y:

According to Mr. Y, our second respondent in this company, who is working as an end 

user from past 3 years. He is trained to use the report generating tools such as sagent, 

cognos. Sagent creates and maintains the metadata repository. Metadata Repository is 

used by the tool (sagent) to generate the reports. 

We are using a data warehousing tool which generates its own metadata repository. Most 

of the end users are not aware about the concept of metadata repository. Some user takes 

training in the tool. However most of the data warehouse developers are aware about the 

concept of the metadata repository.

The new employees are trained to use the tool to create or generate the reports.

Most reports are history-based reports such as quarterly report or monthly reports. We get 

frequent errors in retrieving data from different tables in the data warehouse. 

Some times we get the data errors like invalid data, data type mismatch in the data 

retrieval.
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5.0 DATA ANALYSIS

According to the theory in chapter 2 – from the www.datawarehousing.com examining 

meta-data enhances the end user's understanding of the data they are using. It can also 

facilitate valuable “what if” analysis on the impact of changing data schemas and other 

elements. For administrators, meta-data helps them ensure data accuracy, integrity, data 

timeliness, and consistency. (www.DataWarehousing.com – metadata management 

crucial to data warehousing success)

According to www.syntelinc.com  eleven steps to success in data warehousing, the fourth 

step states that use metadata to support data quality. Different types of metadata are 

found in the data base to characterize and index the data, to facilitate or restrict access to 

the data, to determine the source and currency of the data. Several vendors have 

developed products that have the potential to integrate metadata from disparate sources 

and begin to establish a central repository that can be used to provide the information 

needed by both administrators and end users.

Based on this theory we came up to analyze the collected empirical data according to the 

following block diagram of our frame work.

Figure 5.1

Erroneous results in data retrieval with 
respect to the end user of the data 

warehouse

Data accuracy, 
Data

consistency,
Data timeliness

Metadata 

Mapped
to 

Dependence 
on

http://www.datawarehousing.com/
http://www.syntelinc.com/
http://www.DataWarehousing.com%E2%80%93metadatamanagementcrucialtodatawarehousingsuccess
http://www.DataWarehousing.com%E2%80%93metadatamanagementcrucialtodatawarehousingsuccess
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According to the empirical findings the errors which are encountered in the data retrieval 

are –

1. Slow data access: which is nothing but the data quality indicator called the data 

timeliness. “Timeliness is subjective and can only be determined by the users of the data. 

The users will specify that monthly, weekly, daily, or real-time data is required”.

This data retrieval time can be reduced by improving the metadata as it controls the 

processes. This shows that data timeliness depends upon the metadata. But the 

respondents are not aware that which metadata should be improved.

2. Data errors or invalid data or type mismatch: it is denoted by the data quality 

indicator called data accuracy. “Data accuracy confirms to the correctness of the data”.

Defining the attribute or any other report object (metadata) incorrectly will result in the 

wrong report results.

Wrongly defining metadata will obviously give data errors at retrieval. Some times the 

metadata is defined wrong. As a result users get invalid data at retrieval. This shows that 

data accuracy depends upon the metadata. Wrongly defining metadata like basic 

components of the metadata, mapping information, extract history or versioning will give 

data accuracy problems.

3. Problems related to the data consistency are not encountered or unaware of the 

respondents we are interviewed.
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The following points are also analyzed from the empirical study –

According to the responses gathered from the company Freddie Mac following points 

are analyzed.

 The respondent X is well aware of the metadata and the importance of the 

metadata.

 He is aware that they are using it and it’s quite useful in data retrieval. There are 

using it internally with the data access tools like micro strategy and SAS.

 By improving the metadata data retrieval becomes faster than before. So data can 

be timely.

 If the metadata is defined wrong the data which is retrieved by the end user 

becomes inaccurate. So data accuracy is maintained if the metadata is defined 

well.

 If the metadata like basic components of the metadata, mapping information will 

give data accuracy problems.

 With out the proper metadata tool they have to retrieve the data or create the 

report from scratch. So it is become possible to get the timely data using metadata 

tool.

According to the responses gathered from the company capital one following points are 

analyzed.

 The respondents are well aware of the metadata and the importance of the 

metadata.

 They are using metadata repository internally with the data access tools like 

Sagent and Cognos .

 Invalid or inaccurate data can be the result of the errors in the metadata definition. 

 Metadata like basic components of the metadata, mapping information, extract 

history or versioning will give data accuracy problems
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.6.0 CONCLUSION

In this chapter we give our conclusion to the question this master thesis seek to address

The main purpose of this research is to determine through feedback from the business end 

users and the other knowledge workers (like data base administrators), if metadata is 

needed for achieving the data quality. 

Research Question:

The aim of this chapter is to find the answer to our research question “What will be the 

impact of metadata on the data quality in the data warehousing environment?”

To answer this we redesign and examine the data quality-metadata table (from the frame 

of reference) according to the empirical findings.

              Data quality

Metadata
Data accuracy Data Consistency Data Timeliness

Basic components
X - -

Mapping 

information X - -

Extract history
X - -

Versioning
X - -

Figure 6.1



44

As shown in above table the data quality indicator “data accuracy” depends upon the all 

the metadata like basic components, mapping information, extract history, and 

versioning. And the other data quality indicators may not depend upon the metadata 

shown in the table.

As the most end users are not much aware of the concepts of the metadata even though 

they are using the related tools, organizations make them learn by creating interest in 

them.

7.0 FURTHER RESEARCH

Further research can be done to provide the greater understanding about the end user 

metadata and respective data quality. There is still need for much research in this subject. 

As there is very little research has been carried out about the end user metadata has to be 

researched further.
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APPENDIX

INTERVIEW QUESTIONNAIRE

Thesis Topic : Role of metadata in data warehousing environment

Names : Kranthi Kumar Parankusham

        Ravinder Reddy Madupu

             [Mater of Science in computer and system sciences, LTU]

General questions

1) Brief description of your organization –

2) Do you use data warehouse in your organization?

3) What is the main/primary purpose in using Data warehouse?

             a) Is it for the Decision support?

             b) Or else do u have any other main reasons in using this warehouse?

      4)   What software & software tools do u use in this area? 

5) When did you implement the data warehouse in your organization?

6) How big is it and how many are using it?

Data warehouse related questions

1) Do you have a metadata repository that contains and manages data warehousing 

related metadata? 

2)  How is it useful for your members in your organization? 

3) What software/software tool   are you using to maintain the metadata?   

4)  How often you use metadata in order to get the required information from the 

warehouse and who uses it?

5) Does every one know about metadata in the warehouse?

6) Can everyone reach it?

7) Does the end user want to use the metadata?
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8) Is it the end user who uses the metadata more than any other persons….if so what 

is the reason behind this which makes him to use it more?

9)  How does the new employee know about your software and do u train them and 

how?

10) Is there any function implemented or documentation .how it works?

11) How detail is documentation and what level of knowledge is required to 

understand it?

12) What happens if two persons are working on data warehouse and both are  sick 

and absent?

13) A common problem with the DW is that DW is not updated Do you experience 

this?

14) Do you think DW should be updated frequently?

15) How often do you update/change your software to newer versions? 

16) Do we have recent versions of this software (now you are using- DW and related 

tools etc.) in the market? 

17) Do you prefer updating/adapting the new metadata repository tools?                             

Metadata store

Following are some information from the metadata store in the data warehousing 

environment.

[Basic components – tables in the warehouse, keys of tables, attributes of tables, 

Mapping information, Extract history, Status, Alias, Volumetric information]

With respect to these variables from metadata store:

1. Do you think accessing the DW is easier?

2. Are you using metadata tool or any other query tool to access the data?

3. In some cases it might be useful to find the source of the data using the mapping 

information.  

a) Is this happened to you?

b)  Do you think it’s much useful?

4. How often do you refer to the extract history of the data?



49

5. Do you frequently use alias and status information of the metadata repository?

6. Do you frequently use the volumetric information?

Data quality:

1. What are the common problems/errors of the data you encounter in using data 

warehousing?

2. What impact does the metadata have on data quality?

3. Do you think the data quality will be affected by using metadata repository?

a) Is the quality improved by using metadata?

b) Is the data quality maintained well by using this?

c) Any other positive/negative affect….

  

4. Is the data accuracy depends upon the different metadata like basic components 

(the tables that are contained in the warehouse, the keys of those tables, and the 

attributes), mapping information, extract history and the versioning?

5. Is the data timeliness depends upon the different metadata like basic components 

(the tables that are contained in the warehouse, the keys of those tables, and the 

attributes), mapping information, extract history and the versioning?

6. Is the data consistency depends upon the different metadata like basic components 

(the tables that are contained in the warehouse, the keys of those tables, and the 

attributes), mapping information, extract history and the versioning?

7. Any other comments or suggestions on the role of metadata in the data 

warehousing environment –


