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ABSTRACT

High level data quality and the management of ensuring data quality is one of the key success
factors for Data Warehousing projects. The following article describes an approach for Data
Quality Management, which is based on theories as well as practical experiences. Starting from
effects of insufficient data quality in practice, a definition for information, data and data quality
will be worked out. Based on the concept of total data quality management the Data Quality
Management (DQM) for Data-Warehouse-System will be described. As key part DQM an ap-
proach for operative DQM (planing and measuring data quality) will be illustrated and explained.
Finally, based on the research results further conclusions are summarised.

Keywords. Data Warehousing, Data Quality, Data Quality Management, Data Quality Measur-
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1. INTRODUCTION

Data warehousing has captured the attention of practitioners and researchers for a long time,
whereas aspects of data quality is one of the crucial issues in data warehousing. (English 1999;
Helfert 2000a) In general, ensuring high level data quality is one of the most expensive and time-
consuming tasks to perform in data warehousing projects (Mueller 2000; Haeussler 1998). Be-
cause of insufficient data quality, data warehouse projects are frequently discontinued (Helfert
2000b).

In severa publications (Jarke et al. 2000; Helfert 2000b; Huang et a. 1999; English 1999;
Tayi/Ballou 1998) approaches for managing data quality have been suggested, but the question
of how to ensure high level data quality in data warehouse systems still remains. A key question
in data quality management is the operative tasks of quality planing, specifying processes and
measuring them on an integrated and most objective base. An evaluation of major approaches
shows that there is still alack of gathering data quality requirements, quality planing and trans-
forming these requirements into a specification and controlling them. One approach, which was
developed at the MIT, models quality requirements based on Entity-Relationship-Models.(Wang
et al. 1993) Another approach, which was developed within an European research project, con-
siders technical aspects of integrating quality requirements into meta data management.(Jarke et
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a. 2000) Most approaches are based on data quality criteria lists and are not linked to measure-
ment systems with quality indicators. They aso lack guidelines and methods for applying them
to company specific requirements. However, there is still no adequate model for integrating op-
erative data quality management into data warehouse systems.

2. DATA-WAREHOUSE-SYSTEMS

In today’ s competitive and global business environment, understanding and managing informa-
tioniscrucia for companiesin order for them to make timely decisions and to respond to chang-
ing business conditions. Data processing applications have proliferated across a wide variety of
systems over the last two decades, complicating the task of locating and integrating data within
the enterprise wide information system. They are often developed separately resulting in differ-
ent data models, data descriptions and interpretations. As a result, to manage and use the data,
many organisations today are building data warehouse systems. A data warehouse system sup-
ports information processes by creating an integrated database of consistent, enterprise wide and
historical data. It integrates data from multiple, incompatible systems into one consolidated data-
base.

Central component of a data warehouse system is the data warehouse data base, which is smply
asingle, complete, and consistent store of data obtained from a variety of sources. (Devlin 1997)
The data base is used by a number of tools and applications which form the data warehouse sys-
tem.(Winter 2000) Figure 1 gives an overview of the main components of the data warehouse
system, which are to be described in the following briefly.

Starting points are the operational systems and external information systems, which act as data
suppliers. With the help of a transformation component the data is extracted, transformed and
transferred into the central data warehouse data base. Partly, for subject oriented data supply,
smaller, redundant views from the enterprise database are stored in so-called data marts. The
databases are accessed by the users with a number of end-user tools. These tools reach from
creation of reports over ad-hoc-queries up to multi-layered, multidimensional analyses and data
mining.

These components form the basis-system of the data warehouse system by providing the data
flow from the data source up to the data use. Alongside this, a co-ordination system, generally
named meta data management system, exists.(Holthuis 1999) It consists of a meta data base and
tools for storage and administrating the system components and data flows.

3. DATA QUALITY IN DATA-WAREHOUSE-SYSTEMS

Discussion in literature about information, data and data quality shows that these terms are com-
plex and still no widely accepted definition exists. There are numerous approaches for defining
information (Bode 1997), quality (Juran 1998) and data quality (respectively information quality)
(Huang et a 1999; Tayi/Ballou 1998; Wand/Wang 1996) and therefore it is necessary to clarify
these terms. Many approaches do not distinguish between data and information and define data
quality and information quality equally. Before defining data quality, in the following a suitable
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definition for knowledge, information and data will be introduced and the different views on
quality are described.(Bode 1997; Helfert 2001)

3.1. Knowledge, Information and Data

Knowledge is any form of representation of parts of the real or conceptual world in a material
media.(Bode 1997) Characteristic of this definition is the representation of real world objects.
Knowledge is an image and is not identical with the real world. But however it is related to the
real world and thus has some meaning (semantics). Based on this definition, infor mation can be
understood as a subset of knowledge, which can be expressed in some form of human lan-
guage.(Bode 1997) Human language is limited to languages for communicating between hu-
mans. Following this definition, data can be defined as a subset of information, which is oriented
to be processed by machines (e. g. applications and data base systems) .(Bode 1997)

3.2. Quality

The term quality is as complex as the term information.(Juran 1998) As a consequence of the
discussion on this term, a variety of definition and interpretation approaches exists. The aim of
the definition is to reduce the complexity of the quality phenomenon and to attain operational
Statements.

According to the classification of (Garvin 84) quality approaches can be differentiated into five
quality definitions. The transcendent view defines quality as a synonym with “innate excel-
lence” or superlative, as a synonym for high standards and requirements. This, rather abstractly
philosophical understanding that quality cannot be precisely defined is insufficient for further
work in the context of this thesis. Product-based definitions are quite different; they view qual-
ity as a precise and measurable variable. Quality is so precisely measurable through inherent
characteristic of the product. User-based approaches start from the opposite premise that quality
is stated by the user. Individual consumers are assumed to have different wants, and those prod-
ucts that best satisfy their preferences are those that they regard as having the highest quality.
Thisisaidiosyncratic and personal view of quality, and one that is highly subjective. In contrast
to this subjective view, manufacturing-based definitions focus on the supply side and are pri-
marily concerned with the production processes. All manufacturing-based definitions virtually
identify quality as conformance to requirements. Once a design or a specification has been de-
fined, any deviation implies a reduction in quality. Value-based definitions consider terms of
costs and prices. According to this view, a quality product is one that provides performance at an
acceptable price or conformance at an acceptable cost.

It is important to note, that all these different approaches (apart from the transcendent view) are
important on different levels of the design process. It is not possible to focus only on one per-
spective. The different approaches represent the levels of requirement analysis, product and proc-
ess design and the actual manufacturing process.
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3.3. Data Quality

Like the terms above, data and information quality are described in literature through many dif-
ferent views, whereas the user-oriented view dominates. There are many different definitions
with a vast quantity of quality criteria.(Wang et al. 2001; Mueller 2000; Naumann/Rolker 2000;
Wolf 1999; English 1999; Tayi/Ballou 1998; Jarke/Vassiliou 1997; Wang/Strong 1996; Redman
1996) Result of this work is a multiplicity of criterion lists and classification frameworks for
different areas. In the context of the thesis and as basis for developing a data quality model, these
approaches are to be examined and classified.

Although the terms data and information quality are used without uniformity, the analysis of the
approaches shows a conformance that data quality is determined according to a user-oriented
view. Thisview is concretised through quality criteria, which depend in its meaning and intensity
on the application. The approaches do not show any conformance regarding the quality criteria
lists, their definitions and systematic. Generally the quality criteria are created intuitively on the
basis of experiences (Ballou/Pazer 1985; Laudon1986; Morey 1982), literature (Naumann/Rolker
2000) or by empirical research (Wang/Strong 1996).

Basis of further work is often the quality criteria list from (Wang/Strong 1996). On the basis of
these criteria Jarke and Vassiliou suggest a model for quality factors in data warehouse sys-
tems.(Jarke/Vassiliou 1997) Main differences to the initial model lie in the greater emphasis on
historical as well as aggregated data. Figure 2 illustrates the hierarchy of quality factors used.
After describing the term data quality and list and some relevant quality criteria, the concept of
data quality management will be described in the next section.

4. DATA QUALITY MANAGEMENT

Quality management includes concepts of quality policy, quality strategy, quality planning, qual-
ity control and quality assurance as well as quality improvement. (Juran 1979; Deming 1982;
Seghezzi 1996) One widely accepted concept for quality management is the concept of tota
guality management (TQM). The concept states the current research in quality management and
has already been successfully implemented in the manufacturing sector. Currently the concept of
TQM is applied to sectors like the service industry and data quality. (English 1999; Redman
1996; Wolf 1999) Typical for TQM is the orientation on customer requirements, the participation
of people, continuos improvement and the comprehensive management approach. All enterprise
wide activities are integrated into an enterprise wide structure aiming continuously to improve
products, services and process quality and therefore satisfying customer requirements.(Seghezzi
1996) Following the total quality management approach a concept for data quality management
for data warehouse systems can be proposed. Three aspects are fundamental to this concept (see
also Figure 3) (Helfert/Radon 2000; Wolf99; Huang et al. 1999; English 1999):

» Management has to commit to accept the philosophy of high level data quality and show this
commitment in each activity. On the basis of data quality principles and goals a data quality
policy and strategy have to be deduced.

* A quality management system with organisational structure, process organisation, standards
and specifications, guidelines and rules as its basic elements founding the structure for the
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management concept. Frequently inspections ensure continuous improvement of the organ-
isational structure, processes and standards.

» Employees are supported to fulfill the quality processes by adequate methods, techniques and
tools.

The operative level of data quality management deals with four main tasks: Quality planing gath-
ers requirements and expectations of data consumers, then transfers these requirements into data
delivery processes and specifications.( Juran/Gryna 1993; Seghezzi 1996) Therefore quality
criteria have to be selected, classified and prioritised.(Wallmueller 1990) Quality control con-
trols the data delivery processes and complies the stated specification. Therefore adequate steps
have to be identified and implemented. To reach this, product and process quality must be meas-
ured and expressed in quantitative indices. Most important techniques of quality control are qual-
ity examinations.(Juran/Gryna 1993; Wallmueller 1990) Quality assurance aims to detect sys-
tematic risks in order to avoid them. Quality improvement as the forth task, supports continuos
and dynamic quality improvement.

Before analysing and improving data quality it is essential to plan, define and assess quality
goals and measure current quality levels (Quality planing and Quality control). Data quality
planning and controlling are therefore key success factors of the data quality management con-
cept. This gives the possibility to state current quality levels and compare theresultsin time. It is
possible to identify quality trends and evaluate the effects of quality improvements, which pro-
vide the foundation for cost benefit analysis.

4.1. Operative Data Quality Management: Quality planing and measuring

In light of the importance of data quality planning and quality control the thesis will be focused
on these two quality management areas. Part of thisis a quality model to define quality goals and
measure current data quality levels. Therefore, the magor goal of the thesis is to develop a suit-
able data quality model for specification and measurement of data quality in data warehouse sys-
tems. This enables data quality planing and data quality control. Figure 4 shows the main struc-
ture and focus.

Goal of the quality model isto provide away to specify quality requirements, create a system for
evaluating quality specifications and to measure the resulting data quality. On the basis of quality
requirements, which depend on user groups as well as the tasks of the data warehouse system, a
framework for a specification have to be developed. A substantial aspect of the data quality
model is the decomposition of quality criteria. The genera quality term, which is characterised
by quality criteria, is decomposed into process and product characteristics. These characteristics
are measured by quality indices (defined as quality indicators). Measuring techniques as well as
suitable measuring points and times have to be determined.

Starting point for the identification of suitable quality indicesis the data warehouse basis-system.
As afirst step the data delivery processes have to be identified from the data occurrence through
the operative system to the data usage. Secondly, appropriate data quality indicators have to be
assigned to each data delivery process and data set. Task is to identify typica relations in the
data sets and typical characteristics of transformation processes within the basis-system. With the
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help of statistics dynamic modifications and inconsistencies in data sets and transformation proc-
esses can be detected. The following paragraph shows a simple example of this approach, where
research is still to be done.

4.2. A casefor the Data Quality Model

To develop aredlistic scenario for the proposed data quality model, | worked together with eight
large enterprises and we selected an example from an insurance company.

Analytic question: “Number of contracts per region and per sales representative from the
per spective of the controlling department. “

This — on afirst glance — seemingly simple question turned out to be highly sophisticated and
complex to provide through a data warehouse system. First of all, we discussed problems and
common data quality requirements, which lead us to data quality measuring approaches.

The main data quality difficulties are different interpretations and multiple applications for this
information in different contexts. For example different departments define the term “contract”
and the relevant transaction date differently. Problems such as movement of sales representative
from one region to another during an accounting period, causes associating difficulties. Through
the discussion it turned out that data quality levels are highly dependent on user groups and their
intended tasks. Expressed data quality requirements and their related data quality criteria are
summarised in the following table (see Table 1):

In a second step we worked out atypical data flow, the data transfer and the transformation proc-
esses, which are all shown in Figure 5. First of all, during sales conversations, sales representa-
tives gather contract data and customer information. Regularly this data is synchronised with
operative systems (e.g. Mainframe systems). Data typists manually enter non electronic data into
the system (e.g. Contracts which could not be entered into the sales representatives system for
some reason). In a further step the final contract is sent to the customer. The customer can ac-
cept, change or even cancel the contract (within a given time). Frequently some ETL-Component
(Extraction, Transforming and Loading) extracts the new or updated data (“delta data’) from the
operative systems and transfers it into a staging area. In this temporary data base, quality verifi-
cations and improvements are performed. Inconsistencies between new data and data, which is
already stored in the central data warehouse data base, could be identified through alink between
contract data and sales representatives data already in the data base. A separate data cleansing
process handles these quality deficiencies and may possibly improve them. Data which has
passed the quality verifications and improvements is then loaded into the data warehouse data
base (mostly without any further integrity checks). In a last step, the data is then provided
through front-end-tools and subject oriented data marts to data users.

In a next step, we structured the data flow and expressed it in a formal way according to Figure
6, which represents the corresponding model. At the top the relations between the conceptual
model, the data model and the physical data store is presented. The left part represents operations
on the data store, like insert, update, delete, selection and projection. Usually these operations are
performed by SQL and handled by some data base system. Transformations are functions per-
formed on data values, which are elements of data sets. A transformation takes one or more data
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sets. The output of transformations are one or more data sets. For example relevant data trans-
formations are gathering data, conversion data values, enrichment and aggregation. (Devlin
1997) One particular transformation is data validation, which takes data values and separates
these into two data sets (accepted and not accepted data values). The main control element of the
data flow is the session, which runs queries and transformations.

Formalised the data flow in Table 2, we then identified quality indicators (process and product)
for measuring data quality. These are shown in Table 3.

5. CONCLUSION

The research so far shows that data quality in data warehouse systemsis acrucial issue but also a
highly sophisticated task to fulfil. On base of the proposed data quality model it is assumed that
there are user group and task dependent quality requirements as well as quality indicators along
the data delivery process. These requirements are usually expressed in natural language by end
users. To structure and express these user requirements a conceptual modelling language has to
be developed and integrated in the conventional data modelling process for data warehouse sys-
tems. In further research the quality requirements have to be linked to data quality criteria. These
quality indices and their target values have then be linked to the data delivery processes. One
more technical aspect isto be integrated into the quality planing and controlling into the conven-
tional meta data management. The data warehouse basis-system could so be controlled and
would lead to a controlled and higher data quality in data warehouse systems.
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Expressed Data Quality Requirements

Data Quality Criteria

Maximum allowed divergence to real number of con-
tractsis+/- 2 %.

Accuracy

All sales representatives and regions have to be listed.

Completeness

Format for date has to be “dd/mm/yy”.

Interpretability, Format, Syntax

Information is updated monthly

Timeliness

On the second working day of each month a trend has
to be identified (Accuracy +/- 5 of real value).

Accuracy, Timeliness

On the fifth working day of each month the final in-
formation has to be provided (In case of later changes
reasons have to be given).

Accuracy, Timeliness

Information of the ten best and worst sales representa
tives have to be accurate.

Accuracy

Number of contracts from new products should be
accurate.

Accuracy

Sum of contracts per region and per sales representa-
tive have to correspond with the total number of con-
tracts sold.

Accuracy, Consistency

Responds time should be less than three minutes

Timeliness

Table 1: Data Quality Requirements

Data Flow processes

Labelsin Figure 6

Data Gathering through sales conversation P1
Synchronisation with operative System P2
Validation of contract information by customer | P3
Data update and storage in operative Data Bases | P4
Data extraction (delta data) P5
Datavalidation and transformation (Cleansing) | P6
Dataload and storage in Data Warehouse P7

Data aggregation and transformation in multi- | P8
dimensiona Data models

Data presentation

Table 2: Data Flow processes
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Data Quality criteria Data Quality indicators and measuring points

Timeliness (currency) Data gathering date [P1]

Last execution time/ Scheduled time vs. Execution
time/ Version control through time stamps (protocol
evaluation) [P2, P6, P7,P8]

Completeness Completeness of optional datavalues[P1, P4, P6]
Numbers of default-values compared to average [P1,
P4, P6]

Consistency Plausibility verifications [P1, P4, P6]

Accuracy Frequency of changes [P4]

Customers' feedback [P3]
Data user valuation [P9]

Interpretability Data user valuation [P9]
Domain violation [P1, P4, P6]

Table 3: Data quality indicators
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