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INTRODUCTION

The ultimate objective of database analysis, design, and
implementation is to establish an electronic repository
that faithfully representsthe conceptual andlogical model
of themanageabl e aspectsof auser’ sinformation domain.
Enterprise and Web-enabled databases must satisfy a
wideset of demandsand constituents. Software engineer-
ingingeneral and database devel opment in particular can
be acomplex, complicated process. Thereisprobably no
other product development process that faces the same
amount of uncertainty, which may account for the high
failurerate of software projects. Thischapter expandson
the growing body of literature in the area of data quality
by proposing additionsto ahierarchy of database quality
dimensions that include model and behavioral factorsin
addition to the process and data factors.

BACKGROUND

While data quality has been the focus of a substantial
amount of research, a standard definition does not exist
in the literature (Wang & Madnick, 2000). The Interna-
tional Organizationfor Standardization (I SO) suppliesan
acceptable definition of data quality using accepted ter-
minology from the quality field. These standards are
documented agreements containing technical specifica-
tions or other precise criteria to be used consistently as
rules, guidelines, or definitions of characteristics to en-
surethat materials, products, processes, and servicesare
fit for their purpose. Applying the term database quality
inthiscontext would build onthel SO definition of quality,
that is, “conformance to requirements” and “fitness for
use.” 1SO 8402 as a quality management and quality
assurance metric provides aformal definition of quality:
the characteristicsof an entity that represent itsability to
satisfy stated and implied needs. Thisdefinitionisconsis-
tent with the notion of customer satisfaction prevalentin
thequality literature (Crosby, 1995; Juran, 1989). Thus, a
database can be defined to be of the required quality if it
satisfies the requirements stated in a specification, and
the specification reflects the implied needs of the user.
Therefore, anacceptablelevel of quality hasbeenachieved
if the database conforms to a defined specification, and
the specification correctly reflectsthe intended use. Un-

fortunately, neither of these definitions is adequate for
the purposes of assessing database quality. A database
must al so bejudged by how closely it representstheworld
of thedataconsumer (themodel), itsability to respond to
both routine and unanticipated requests within the do-
mainitisexpected to manage (thebehavior), and maintain
this representation over time. The framework presented
herein expandsonwork previously proposed (Hoxmeier,
1997) and incorporates data quality dimensions put forth
by several prominent data quality researchers (Ballou &
Pazar, 1995; Krogstie, Lindland, & Sindre, 1995; Lindland,
Sindre, & Solvberg, 1994; Orr, 1998; Storey & Wang, 1994,
Strong, Lee, & Wang, 1997; Wand & Wang, 1996; Wang,
1998; Wang, Kon, & Madnick, 1993; Wang et al., 1994;
Wang, Storey, & Firth, 1995; Wang, Strong, & Guarascio,
1996; Wang, Strong, Kahn, & Lee, 1999). Theframework
is important because it expands the definition of strict
data quality to that of a broader context of database
quality and incorporates the importance of process man-
agement.

THE CHALLENGE

Many database applications are ultimately unsuitable to
the consumer. The process must incorporate three con-
ceptually distinguishable domains: the modeling, the
performance, and the enactment domains. Designers at-
tempt to conceptualizethe problem domaininto asuitable
physical model. The proposed physical model is subject
to many performance constraints including the physical
representation, the network topology, system configura-
tion, and system administration. Finally, and what may be
the most difficult to administer, the information is pre-
sented to the consumer for interpretation and enactment.
The representation of the database after each of these
domain layersall contributeto the quality of the solution
by theinformation consumer. Thecritical elementsbel ow
are the bases for the discussion on database quality
dimensions.

. The cycle process must be managed toward a suc-
cessful outcome.

. The model itself must represent a usually diverse
and fuzzy problem domain.
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. The quality of the data in the database must be of
sufficient grade.

. The application must behave or have the ability to
behave in a way the consumer understands.

To ensure a quality database application, should the
emphasis during model development be on the applica-
tion of quality-assurance metrics(designingitright)?Itis
hardto argue against thispoint, but thereareasignificant
number of studies and anecdotal evidence that suggests
that a large number of database applications fail, are
unusabl e, or contributeto negative organizational conse-
guences (Abate, Diegert, & Allen, 1998; Redman, 1998;
Stackpole, 2001; Standish Group, 1997; Wand & Wang,
1996). The Data Warehousing Institute estimates that
businesseslosehillionseach year attributableto bad data
(Eckerson, 2002; Trembley, 2002). A quality processdoes
not necessarily lead to ausable database product (Arthur,
1997; Hoxmeier, 1995; Redman, 1995). Thereareal so many
examples of database applications that are in most ways
well formed with high data quality but lack semantic or
cognitivefidelity (theright design; Motro & Rakov, 1999).
Additionally, determining and implementing the proper
set of database behaviors can be an elusive task.

While researchers have developed afairly consistent
view of dataquality, thereislittleavailableintheliterature
on the evaluation of overall database quality including
other considerations such as semantic fidelity (model),
behavioral, and value factors.

A Database Quality Framework

It is proposed that through the hierarchical framework
presented in Figure 1, one can consider overall database
quality by assessing four primary dimensions. process,
data, model, and behavior. Portionsof the hierarchy draw
heavily from previous studies on data and information
quality, and documented process quality standards
(Arthur, 1997; Department of Commerce, 2004; Wang,
1998). A dimension isaset of database quality attributes
or components that most data consumers react to in a
fairly consistent way (Wang et al., 1996). Wang et al.
define data quality dimension as a set of data quality
attributes that represent a single data quality abstract or
construct. The use of a set of dimensions to represent a
quality typology is consistent with previous quality re-
search (Dvir & Evans, 1996; Strong et al., 1997; Wang et
al., 1996). Theframework presentsthefour dimensionsin
adimension-attribute-property hierarchy.

Process Quality

Much attention has been given over the yearsto process
quality improvement. | SO-9000-3, total quality manage-

ment (TQM), quality function deployment (QFD), and the
capability maturity model (CMM) are approaches that
areconcerned primarily with theincorporation of quality
management within the process of systems development
(Dvir & Evans, 1996; Herbsleb, 1997; Hill, 2003; Schmauich,
1994). Quality control is a process of ensuring that the
database conforms to predefined standards and guide-
lines using statistical quality measures. Quality assur-
ance attempts to maintain the quality standards in a
proactive way. In addition to using quality control mea-
sures, quality assurance goals go further by surveying
the customersto determinetheir level of satisfactionwith
the product. Conceivably, potential problems can be
detected early in the process.

Database Data Quality

Dataintegrity is one of the keysto developing a quality
database. Without accurate data, users will lose confi-
dence in the database or make uninformed decisions.
While data integrity can become a problem over time,
there arerelatively straightforward waysto enforce con-
strai ntsand domainsand to ascertain when problems exist
(Moriarty, 1996). Theidentification, interpretation, and
application of business rules, however, present a more
difficult challenge for the developer. Rules and policies
must be communicated and translated and much of the
meaning and intent can be lost in this process.

Data Model Quality

As has been presented, dataquality isusually associated
with the quality of the data values. However, even data
that meet all other quality criteriaisof littleuseif they are
based onadeficient datamodel (L evitin & Redman, 1995).
Data model quality is the third of the four high-level
dimensionspresented above. | nformation and an applica-
tion that represent a high proportionate match between
the problem and solution domains should be the goal of
a database with high semantic quality. Representation,
semantics, syntax, and aesthetics are all attributes of
model quality (Levitin& Redman; Lindlandetal., 1994).

The database design processis largely driven by the
requirements and needs of the dataconsumer, who estab-
lishes the boundaries and properties of the problem do-
mainand therequirementsof thetask. Thefirst stepinthe
process, information discovery, is one of the most diffi-
cult, important, and labor-intensive stages of database
development (Sankar & Marshall, 1993). Itisinthisstage
where the semantic requirements are identified, priori-
tized, and visualized. Requirementscanrarely bedefined
in aserial fashion. Generally, thereis significant uncer-
tainty over what these requirements are, and they only
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