Managing and Measuring Data Quality in Data Warehousing
Markus Helfert
Institute of Information Management, University of St. Gallen

St. Gallen, CH-9000, Switzerland
Markus.Hd fert@unisg.ch

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 method-based Data Quality Manage-
ment (DQM) will be described. As key part of method-based
DQM an approach for planing and measuring data quality will
be illustrated and explained. Finaly, based on the research
results further conclusions are summarised.
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1. Effectsof insufficient Data Quality

The following paragraph summarizes results of several work-
shops held within the Competence Center ‘ Data Warehousing
Strategy’ (CC DWS) and shows main effects of insufficient data
quality in practice. Effects of insufficient data quality can be
classified in effects on Data Warehousing projects, effects on
decision processes and effects on operative processes.

Expensive search for the ‘right and correct’ values, additional
efforts to create reports and analysis, multiple acquisitions of
data, special transformation logic and data cleansing algorithms
as well as additional efforts of designing and operating the Data
Warehouse are only a few effects on Data Warehousing proj-
ects, which are resulting in additional efforts and therefore in
higher project costs. Because the Data Warehouse will be used
by only a few speciaigt, it will not be accepted broadly within
the company. Furthermore insufficient data quality results in
reduced internal acceptance of the Data Warehousing project by
operating not reliable and not authentic. The expected benefits
will not be achieved and the interna project support could be
lost.

The Data Warehouse in genera is used to create analysis and
reports for supporting decision processes.[22] In practice, often
incorrect, meaningless and incomprehensible statistics, analysis
and reports exists. These insufficient analytical information lead
to deficient decisions and lack of external reporting (e.g. ac-
counting). Deficient decisions based on insufficient information
could result in inadequate strategies, accumulation of risks and
an inadequate customer orientation with an inadequate pricing

policy.

Effects on operative processes are multiple. For example, insuf-
ficient (e. g. inaccurate) information used for customer relation-
ship management and electronic commerce can dissatisfy cus-
tomers, and so resulting in complaints or lost customers. With
falsely predicted customer behavior selling potentials are not
identified and wrong customer target groups are advertised by
inadequate promotions. Cross selling potentials are misinter-
preted or even not identified. Incorrect accounts and falsely
calculated bonuses resulting in reduced externa image and a
bad reputation, which also leads to a narrow turnover.

Showing these few examples of insufficient data quality it is not
surprisingly that data quality is identified as one of the major
problems of Data Warehousing. A survey within large German
and Swiss companies confirmed this result [8], which leads us
to the development of the method-based Data Quality Manage-
ment (DQM).

2. Data Quality in Data Warehousing

2.1. Data Quality Definition

Discussion in literature about information, data and data quality
shows that these terms are complex and still no widely accepted
definition exists. There are numerous approaches for defining
information [3], quality [12] and data quality respective infor-
mation quality [11, 21, 23] and therefore it is at least necessary
to clarify these terms used. Many approaches do not distinguish
between data and information and define data quality and in-
formation quality equal.

In the following a suitable definition for knowledge, informa-
tion and data will be described on the basis of five dimensions
used in main approaches in economic literature.[3] The dimen-
sions are semiotic, medium, novelty, verity and timeliness as
shown in Figure 1.
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Figure 1: Dimensions of information [3]



Human based and unbound approaches are distinguished by the
dimension medium. In human based approaches information
exists only within humans whereas unbound approaches consid-
ering al mediums (e.g. books and hard discs). Indeed the cog-
nitive interpretation process and the matching to real world
objects can only be done by humans, but the expressed infor-
mation by itself has already a specified or intended meaning.
For this reason, the article comprises as information al repre-
sentations, which can be stored and transferred via some me-
dium.

Information in approaches based on subjective novelty have to
be new for information consumers whereas in inter-subjective
or objective approaches information is independent from the
subject and its previous knowledge. Because the character of
information has to be verified in each individual case, subjective
approaches tend to be less operational than objective ones. An
objective approach define information based on some charac-
teristics and is independent from single cases. Therefore these
approaches are more qudified for the purpose of measuring
information and data quality than subjective ones.

Based on verity approaches can be distinguished in truth-
dependent and truth-independent approaches. In truth-dependent
approaches information has to be true whereas in truth-
independent approaches verity isirrelevant.

There are static and process oriented approaches, which are
forming the dimension timeliness. Process oriented approaches
considering information as process of information acquiring. On
the other hand, static approaches define information as a state,
asinput and result of information processes.

Semiotics provides a framework consisting of three levels:
syntax, semantic and pragmetic.[3, 25] The bottom level of the
framework, the syntax, considers basic representation of infor-
mation. This level deals with technical context and syntactical
concerns and comprises characters, symbols and signals. These
basic representation are summarized by the term signals, which
are comprising all symbolic representation regardless of their
meaning. The next level, the semantic level, deals with related
real world objects and implies some meaning to signals. The
pragmatic level, as the top level, deals with information proc-
esses and information users. The information usage has some
purpose and some impact to the information process and the
information user. The framework provided by semiotics gives a
basic structure for different levels of information. Every level
includes their previous levels, whereas the transition of levelsis
fuzzy and subjective.

Information in this article should be defined as knowledge,
which can be expressed in some human language, whereas
knowledge represents some real world objects. Information
defined as this, is a subset of knowledge. This definition of
information is characterized by the five dimensions as unbound,
objective, truth-independent, static and on the semantic level.
Following this definition, data can be defined as a subset of
information, which can be processed by machines.

The term quality is as complex as the term information.[12] One
approach, which is widely adopted in quality literature, is fo-
cused on the consumer and the product’s fithess for use. This
approach comprises two aspects of quality. First, quality means
product characteristics, which meet customer needs and thereby
provide customer satisfaction and second absence from defi-
ciencies that result in customer dissatisfaction.[12] The first
aspect refers to quality of design and the second to quality of

conformance. Quality of design addresses the aspect of infor-
mation requirements and information product design. How good
are the requirements met by the information product design?
The conformance of the final information product with the
product design is addressed by quality of conformance. Quality
of conformance take the divergence of design with the final
product into consideration. Because low quality of design and
low quality of conformance have different causes and therefore
different solutions, it should be considered differently. High
quality of design do not mean high quality of conformance and
vice versa. Increasing quality of design tends to result in higher
costs, whereas increasing in quality of conformance tends to
results in lower costs. In addition, higher conformance means
fewer complains and therefore increased customer satisfaction.
Therefore data quality measurement has to consider both as-
pects of quality.

2.2. Method-based Data Quality M anagement

Quality management includes concepts of quality policy, quality
planning, quality control and quality assurance as well as qual-
ity improvement. Quality management operates through the
quality management system with organizational structure, proc-
ess organization, standards, guidelines, rules, methods, tech-
niques, and tools as their elements.[19, 20]

One widely accepted concept for quality management is the
concept of tota quality management (TQM). The concept states
the current research in quality management and is already suc-
cessfully implemented in manufacturing sector. Currently the
concept of TQM is applied to other sectors like service industry
and data quality.[5, 17, 25] 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 improvement of product,
service and process quality and therefore satisfy customer re-

quirements.[20]
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Figure 2: Method- based Data Quality M anagement [9]

Current research within the Competence Center ‘Data Ware-
housing 2’ applies the concept of Tota Quality Management to
Data Warehousing and in particular to data quality. First results
showing that concepts, principles and techniques applied in
manufacturing and service industry can be transferred with
some adaptations to Data Warehousing.[10] Based on TQM, the
proposed method-based Data Quality Management (DQM) [9]
enfolds organizational structure with roles and responsibilities.



The process cycle ‘Define’, ‘Measure’, ‘Analyse’, and ‘Im-
prove is building the core process organization for ensuring
continuos quality improvement. The processes are supported by
methods, techniques, tools, standards, guidelines and rules,
which are based on method engineering [ 7] and providing there-
fore an integrated framework. Figure 2 shows the method-based
DQM approach asiit is currently developed.

Before analyzing and improving data quality it is essential to
plan, define and assess quality goals and measure current qual-
ity levels. Data quality planning and measuring are therefore
key success factors of the proposed data quality management
concept. Data quality characteristics and their appropriate
measuring techniques building a data quality framework and
giving the possibility to state current quality levels. By the
comparison in time, it is possible to identify quality trends and
evaluates the effects of quality improvements. The framework
also provides the foundation for cost benefit analysis and for
quality improvements. In following an approach for a suitable
data quality framework in Data Warehousing is presented.

2.3. Data Quality Framework

In management and information technology literature there are
currently many information quality frameworks and approaches
for measuring data quality.[6] Table 1 summarizes a selection of
information quality frameworks from various contexts. Besides
these frameworks there are a large number of information qual-
ity criteria lists. An evaluation of these frameworks and criteria
lists shows that there is still lack of quality indicators and meas-
urement systems. On the one hand, data quality can be meas-
ured with subjective perceptions from information users. On the
other hand, there are approaches developing measuring systems
on the basis of quality characteristics (mostly intrinsic informa-
tion quality characteristics like for example completeness and
correctness).[14] But as of today no integrated data quality
framework with a generic, generaly applicable measuring
system is available yet. Most frameworks only provide limited
assistance for analyzing causes of insufficient quality as well as
providing guidelines for solving identified problems. Further-
more the most frameworks lack of providing methods to apply
the framework to company specific requirements.

Author and year of | Application context
Publication

Augustin/Reminger Management I nformation Systems
1990

Morris et a. 1996 Management

Redmann 1996 Data Bases

Miller 1996 Information Systems
Wang/Strong 1996 Data Bases

Davenport 1997 Information Management
Ballou et a.1998 Data Warehousing
Kahn/Strong 1998 Information Systems
Rittberger 1999 Information Service Providers
English 1999 Data Warhousing

Huang et al. 1999 Knowledge Management

Table 1: Information quality frameworks[6]

As an example of an information quality framework Huang et
al. constructing, based on a customer oriented quality approach
and empirical studies a framework in the context of knowledge
management with four information quality categories and re-
lated information qudlity criteria.[11]

1Q Category 1Q Criteria

Intrinsic Accura_cy, objectivity, believability,
reputation

Contextual Relevancy, vaue-added, timeliness,

completeness, amount of information

Interpretability, ease of understanding,
Representational | concise representation, consistent repre-
sentation

Accessibility Access, security

Table 2: Example of an information quality criterialist [11]

The framework is of empirical relevance and gives a suitable
foundation for further research, but it is defined on a high level
and is not explicit integrated within the proposed measuring
system. As shown above, it is necessary to differ between qual-
ity of design and quality of conformance on different semiotic
levels. The proposed framework should define precisely related
data quality criteria, show relationships between them and how
each quality criteria contribute to data quality. Finally, a meas-
uring system with techniques for assigning values to quality
criteria should be integrated within the framework.

Huang et al. are suggesting a measuring system for information
quality consisting of three metrics. First, a metric that measures
individual’s subjective estimates of information quality is sug-
gested. The metric consists of a questionnaire with simple and
for the information user understandable questions. The infor-
mation user is questioned about his or her subjective estimation
of information quality in their context of information usage.
Second, a metric that measures information quality along quan-
tifiable, objective variables that are application independent is
proposed. The metric is basically based on established theory
for controlling the quality of data entering. Examples of objec-
tive variables are given as correctness, completeness and con-
sistency. Third, a metric that measures information quality
aong quantifiable, objective variables that are application-
dependent, is suggested. This third measurement needs knowl-
edge about information, their application and their formats.

subjective assessment
Questionnaire with scales form 0 to 10
Example:
“This information is complete?”
“This information is incorrect?” Not at all ————————————— Completely

objective and application independent

Based on established theory for controlling the quality of data entering
(e. g. referential integrity)

quantifiable, objective and application dependent
Are domain specific and require domain experts’ participation
Example:
« percentage of incorrect client address zip code found in a randomly selected customer accounts (inaccuracy)

« percentage of nonexistent accounts or the number of accounts with missing values in the industry-code field
(incompleteness)

Figure 3: Measuring system proposed by Huang et al.
Even if the proposed measuring system, which is summarised in

Figure 3, applies different metrics for measuring information
quality, further research have to be done. The description is still



based on few examples and therefore a method for adapting the
metrics to specific situations should be developed. Furthermore
the technical representation should be described and their rela
tions to data qudlity criteria should be shown. The different
metrics are overlapping so that a clarification of the metric’'s
focus is necessary.

In following a modified data quality criterialist and an approach
for integrating measuring techniques is shown. The approach is
mainly based on results of workshops held within the compe-
tence center and building the foundation for further research.
The results are focused particularly on measuring data quality in
Data Warehouse Systems and 3% as part of the method-based
DQM ¥, showing research areas for developing a comprehen-
sive data quality framework.

Core element of the framework is a set of relevant quality char-
acteristics. These characteristics are classified on the three
levels of semiotics and the two aspects of quality. At the prag-
matic level all characteristics, which are relevant within the
application of data for information processes, are located. For
example, relevance, completeness are characteristics for quality
of design and timeliness, actuality and efficiency are important
characteristics for quality of conformance. At the semantical
level, which deals with the meaning of data, interpretahility,
accuracy as well as consistent and complete data values, believ-
ability and reliability are important for quality of conformance.
Quality of design on the semantic level is characterized by
precise as well as easy to understand and objective data defini-
tions. Quality of design on the level of syntax comprise consis-
tent and adequate syntax. Syntactical correctness, consistent
representation, security and accessibility are characteritics of
quality of conformance. Table 3 summarizes the proposed data
quality characteristics.

Quality Characteristics

Semiotic M easurement
Level Quality of Quality of Con- Approach
Design formance
) Relevance, Timeliness, actual- Information
Pragmatic completeness ity, efficienc process,
p Y, y application
Precise data Interpretability,
definitions accuracy, Consis- Comparison
Semantic to undersytaiajy tent data values, with redl
and objective complete data world and
data definitions. values, , believ- experience
ability, reliability
Syntactical correct-
. ness, consistent Syntactical
Syntax a%oniasttgnt 2?:)( representation, standards and
€ Y security, accessi- agreements
bility

Table 3: Data quality characteristics

Data quality characteristics are founding the core element for
planing and measuring data quality in Data Warehousing.
Figure 4 shows an integrated approach for planing and measur-
ing data quality. The top level states the subjective quality
requirements based on information processes and information
users. For the communication with information user a concep-
tual modeling language is necessary. The next level represents
an integrated model, which represents the specified quality
requirements on a logical level. The specification of quality
requirements, which is based on the proposed data quality

characteristics, objectify the quality measures. For assigning
vaues to these quality characteristics techniques based on
dtatistics (e. g. statistical quality control) and data mining as
well as questionnaires are applicable. On the bottom level
physical representation of assessment techniques relates the
measurement system and assigning techniques to the quality
specification.

Information process oriented view of
DQ requirements

Application model
A

Integrated model, which represents
the actual quality requirements on
a logical level

A,
Specification
A

A,

Assessment techniques

Physical representation of the
A nent techniques

Figure 4: Data quality framework

3. Conclusions

The proposed data quality framework provides an integrated
approach for planing and measuring data quality in Data Ware-
housing. The framework builds, as key part of the method-based
Data Quality Management, the base for ensuring high level data
quality in Data Warehouse Systems. Even if this article can not
provide a detailed description, the finding shows areas of further
research and provides a way to consolidate further results into
an integrated framework. Further research has to be done in the
aress of

assessment  techniques (e. g. applying data mining and
gtatistics to data quality),

developing a generic quality model and a method for ap-
plying this model to specific situations,

relating assessment techniques to quality criteriaas well as
modeling data quality requirements.

Current research at the competence center ‘Data Warehousing
2 focuses on modeling data quality requirements as well as
evaluating possible assessment techniques and integrates these
techniques to a consisted and integrated measuring system.
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