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Abstract 

The quality of data (in particular master data) is becoming increasingly important in busi-

nesses. This is due to the increasing number of statutory and regulatory stipulations as well as 

the growing importance of information systems used to support decision-making and the data 

quality (e.g. timeliness, accuracy, completeness) these systems require. Effective data quality 

management calls for metrics that enable monitoring of such business-oriented data quality 

requirements and the identification of business-critical data defects at an early stage. The in-

dividual design of data quality metrics taking into account company-specific business 

processes, controlling systems and application landscapes ensures the business relevance of 

the metrics and enables data quality to be measured so that business-critical data defects can 

be identified in good time. 

 

This paper describes a method for identifying causalities between data defects, business prob-

lems and strategic corporate objectives, and for specifying data quality metrics to monitor the 

identified data defects. The method follows a top-down approach and only specifies metrics 

for data defects which can lead to critical business problems. Validation rules are proposes as 

the preferred measuring technique. By implementing these rules, a measuring system (not a 

focus of the method) can verify data characteristics and thus identify data defects (i.e. charac-

teristics which can lead to known business problems). 

 

The method presented is described as the result of design-oriented research and explains var-

ious elements of the method using examples of its application in three companies. The exam-

ples illustrate the fact that it is not necessary to use all the elements of the method as the me-

thod can be configured for a specific application. To support further applications of the me-

thod, the appendix to this paper contains various examples of the requirements to be met in 

terms of data quality metrics, data quality dimensions, causal chains, cost types associated 

with defective data and validation rules which have been collected from case studies, focus 

group interviews and literature research. 
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1 Introduction 

High data quality is a critical success factor for businesses when it comes to addressing in-

creasingly tough competition in the market as well as growing regulatory requirements. The 

following examples illustrate the strategic importance of qualitatively good corporate data. 

 

The standardization organization Global Standards One (GS1) specifies among 

others the Global Trade Item Identification Number (GTIN) for the unique identi-

fication of products worldwide [GS1 2010]. External service providers offer so-

called data pools based on the GS1 numbering system for the multilateral syn-

chronization of product master data [Nakatani et al. 2006]. 

 

Retail organizations and consumer goods manufacturers benefit from the use of data pools 

which support the inter-organizational synchronization of master data [Schemm 2008]. How-

ever, manufacturers who make their product master data available in a pool of this kind have 

to mark each component of an article which is of relevance to logistics processes and ensure 

that they adhere to the GS1 guidelines (e.g. the extent to which the characteristics of products 

with the same GTIN may vary). As an example, products with the same contents (e.g. bottles 

of shampoo) but a weight difference which is greater than 20 percent have different GTINs. 

Compliance with requirements of this type is necessary to prevent problems during transpor-

tation (pallets exceeding permitted weight due to higher product weights) and at the custom-

er‟s end (products not fitting the shelves due to different dimensions).  

 

The provision of resource-intensive telecommunications products such as IP-TV 

(TV programs transmitted via the internet) calls for transparency and flexibility 

with regard to the utilized network infrastructure. If a subscriber places an order, 

a fast decision needs to be made on whether the requested product can be offered 

with the existing infrastructure or in what time frame the necessary infrastructure 

expansion can be realized. For this availability check, network infrastructure, 
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subscriber and product data has to be correlated and analyzed in order to decide 

whether the line in question is capable of providing the requested product, both 

physically and taking into account the bandwidth sold (i.e. contractually as-

sured). 

 

If the answer to an availability query is incorrect or takes too long, this can lead to customers 

going to another provider. Poor data quality (e.g. incomplete documentation of the network 

infrastructure) can therefore directly jeopardize the chances of winning new customers. 

 

Despite the obvious strategic importance of data quality in the outlined examples, the correla-

tion between data quality and the achievement of corporate objectives is not always easy to 

identify. One reason for this is the multidimensionality and context-dependence of data quali-

ty [Wang/Strong 1996]: Different data quality dimensions (DQ dimensions, e.g. timeliness, 

accuracy, completeness) are to be differentiated for different data object types (e.g. customer 

data, product data). And in order to define target levels for individual DQ dimensions, the 

respective usage context for the data (e.g. checking the availability of a specific bandwidth on 

a telecommunications line) has to be analyzed. A cost-benefit analysis is also required when 

looking for meaningful target levels [Lee et al. 2006]: For instance, initiatives to improve the 

quality of the infrastructure data described in the example should only be carried out if the 

costs of the initiative do not exceed the anticipated value of new customers. 

 

The prerequisite for the cost-benefit analysis described above as well as the definition of tar-

get levels for DQ dimensions is the identification of cause-and-effect relationships (causali-

ties) between data defects (e.g. missing infrastructure data), business problems (e.g. incorrect 

information on product availability) and costs (e.g. value of a new customer). Business-

oriented data quality metrics (DQ metrics) can be specified on the basis of these causal 

chains, i.e. metrics for measuring DQ dimensions which are critical for the business success 

of an enterprise. 



1 Introduction 10 

© HSG / IWI / CC CDQ / 28 

 

There are various examples of research work that examines data quality in general and DQ 

metrics in particular, and proposes concrete measuring techniques (cf. section 4). Work also 

exists with the requirements to be met by DQ metrics and recommendations for the design of 

such metrics. What is missing, however, is a structured approach to identifying the stated 

causalities and specifying metrics for monitoring the identified data defects. This gap gives 

rise to the research objective of designing a method a) for identifying causalities between data 

defects, business problems and strategic objectives, and b) for specifying DQ metrics for 

monitoring the identified data defects. 

 

The research objective is of particular interest to enterprises with company-wide data quality 

management (DQM). In this case, the aim is not only to identify individual causalities such as 

the examples explained in the introduction, but also to apply the method repeatedly and to 

identify different correlated causalities. In addition to the positive effect on transport 

processes, an improvement in the quality of logistical product data can be expected to reduce 

the number of complaints and queries. 

 

Following an explanation of fundamental concepts in section 2 and a short description of the 

research process in section 3, similar work is presented in section 4 and the respective results 

discussed with reference to the research objective of the work at hand. The method for speci-

fying business-oriented DQ metrics is presented as the research result in section 5. Method 

elements are described with examples of applying the method in order to better illustrate the 

purpose of the individual elements. Limitations in the application of the method as well as 

requirements for further research are discussed in section 6. 
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2 Fundamental Concepts 

The outlined method is the result of design-oriented research which utilizes the meta-model 

of the Business Engineering (BE) core as a conceptual framework. Section 2.1 therefore pro-

vides a brief overview of BE and classifies the concepts of the method according to the BE 

core meta-model. The goal of using DQ metrics (result of applying the method) is to evaluate 

data quality objectively and to enable comparable data quality measurements (DQ measure-

ments) as a preventive DQM initiative. For this reason, the understanding of data quality and 

DQM on which the work at hand is based is discussed briefly in section 2.2.  

 

2.1 Business Engineering as methodological framework 

BE is a systematic approach which supports enterprises in the implementation of transforma-

tion projects (e.g. strategic realignment, design of strategy-compliant business processes). 

Rather than focusing on isolated aspects of corporate transformation (e.g. strategy develop-

ment, organizational design), BE structures a complex design task on various modeling layers 

by means of manageable activities with defined results and relationships [Österle 1995, 

Scheer 1998]. 

 

The St. Gallen approach to BE [Österle 1995, Österle/Blessing 2003, Österle/Blessing 2005] 

is the methodological framework for this paper. The approach structures transformation 

projects on the modeling layers strategy, process and system by means of methods (cf. sec-

tion 3.2), and specifies design objects of the result documents (results of applying a method) 

in a meta-model. HÖNING [2009] identifies the core (i.e. similar elements) of various BE ap-

proaches, structures it using method engineering concepts (e.g. activities, roles, techniques) 

and specifies the design objects of the BE core in a meta-model [Österle et al. 2007, Weber 

2009]. 
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Figure 2-1 classifies the concepts of the presented method according to the BE core meta-

model, taking into account the stipulated extension rules [Höning 2009]. The concepts 

marked with the prefix BE:: are meta-entity types and relations of the BE core; extended me-

ta-entity types are shaded gray. The modeling of the extended concepts is oriented toward the 

meta-model of the master data integration method used by SCHMIDT [2010]. 

 

 

Figure 2-1: Classification of the Concepts of the Method According to BE Core 

 

Application of the method is not restricted to master data, but is fundamentally possible for 

all data elements, data object attributes and metadata whose defects cause business problems. 

If no differentiation is required (e.g. for specific DQ dimensions in the appendix or concrete 

examples in section 5.2), the general identifier data is used in the following. However, the 

majority of applications of the method implemented to date have identified data defects of 

data elements which the companies refer to as master data. The differentiation of different 

data types such as transaction data, metadata and master data has been dealt with in other 

works [Burnett et al. 1999, Wedekind 2001, Mertens 2007, Loshin 2008, Smith/McKeen 

2008]. 
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Section 5.1 describes the concrete meta-model of the presented method as a specification of 

the design objects of the documentation model and structures the concepts shown in Figure 

2-1 using result documents. Figure 2-1 merely shows the relationships of central concepts of 

the presented method to the design objects of the BE core. Appendix A describes the ex-

tended meta-entity types; the design object types of the BE core are specified by HÖNING 

[2009].  

 

2.2 Data quality and data quality management 

Data quality is the object of various research works with different research approaches. Some 

of the works propose lists and categories with DQ dimensions as the result of empirical re-

search [Wang/Strong 1996], while others describe experience from professional and consul-

tancy practice [Redman 1996, English 1999, Loshin 2001], or present DQ dimensions as the 

result of theoretical conclusions [Wand/Wang 1996, Price/Shanks 2005]. 

 

DQM encompasses initiatives aimed at improving the quality of data [Batini/Scannapieco 

2006], but goes beyond a purely reactive improvement of data quality (i.e. identification and 

elimination of data defects) [Shankaranarayanan/Cai 2006]. In fact, DQM consists of the 

proactive and preventive improvement of data quality through a continuous cycle of defini-

tion, measurement, analysis and improvement of data quality as well as the design of the re-

quired framework [Wang et al. 1998, English 1999, Eppler/Helfert 2004]. An overview of the 

various approaches for DQM is provided by BATINI ET AL. [2009]. 
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3 Research Methodology 

The description of the process by which the presented method is created as an artifact [Simon 

1996] enables the method to be reproduced and evaluated as a result of scientific research. It 

should be borne in mind that this paper focuses on the design goal of information systems 

research, rather than on the epistemological goal [Frank 1997, Becker et al. 2003]: The re-

search objective is to design a method for the specification of business-oriented DQ metrics. 

A gain in scientific knowledge will of course be necessary in order to achieve this objective, 

e.g. identification of the correlations between data defects, business problems and DQ metrics 

described in the meta-model of the method (cf. section 5.1) [vom Brocke 2003]. However, 

the main emphasis is on the method as the research result and on the business benefits de-

rived from its application. Section 5.2 describes the results of applying the method in three 

participative case studies [Baskerville 1997] which show that application of the method can 

produce useful results with acceptable effort.  

 

3.1 Research process 

The presented method is the result of design-oriented research which follows Design Science 

Research as the research methodology paradigm. The aim of Design Science Research is to 

design artifacts as a solution to practical problems [March/Smith 1995, Hevner et al. 2004]. 

Proposed artifact types are constructs, models, methods (type of artifact presented, cf. section 

3.2) and instantiations. 

 

The Competence Center for Corporate Data Quality
1
 (CC CDQ) provides the research con-

text for the method design process. The CC CDQ is part of the BE research program
2
 at the 

University of St. Gallen. Since 2006, it has been developing solutions to support quality man-

agement for data used on an enterprise-wide basis in collaboration with various organiza-

                                                 
1
 http://cdq.iwi.unisg.ch 

2
 http://www.iwi.unisg/behsg/ 
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tions
3
 under the auspices of the Institute for Information Management

4
 [Österle/Otto 2010, 

Otto/Österle 2010]. 

 

In accordance with the various requirements to be met by the design of artifacts [Hevner et al. 

2004], the process for designing an artifact consists of the phases problem identification, de-

finition of design goals, designing artifacts to resolve a problem and evaluation of the arti-

facts [Gregor 2006, Peffers et al. 2008]. Focus group interviews [Morgan/Krueger 1993, Ro-

semann/Vessey 2008] with business experts from different organizations in the CC CDQ and 

participative case studies [Baskerville 1997] have supported the phases problem identifica-

tion, goal definition and evaluation of the design process of the presented method. Examples 

of applying the method in participative case studies explain individual elements of the me-

thod in section 5.2. Evaluation of the method in a focus group interview is explained in sec-

tion 6. 

 

3.2 Method engineering 

In method engineering, a method denotes a systematic approach to information systems (IS) 

development [Heym/Österle 1993]. Method engineering is the disciplined process of build-

ing, improving or modifying a method by means of specifying the method‟s components and 

their relationships in a methodological (i.e. engineered) way [Heym/Österle 1993, Gutzwiller 

1994]. A method contains a product description and a process description [Olle et al. 1988, 

Heym/Österle 1993, Brinkkemper 1996]. The process elements guide the design of the me-

thod results: They define which elements of the meta-model are to be instantiated in what 

order and who delivers the information required for the instantiation or performs the respec-

tive activities. 

                                                 
3
 http://cdq.iwi.unisg.ch/index.php?id=144 

4
 http://www.iwi.unisg 
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The presented method has been designed as the instantiation of a meta-model (see Figure 3-1) 

proposed by GUTZWILLER [1994] that defines the following components of a method. A 

comparable structure is described by NUSEIBEH ET AL. [1996]. 

 

 Procedure model. An activity is a task aimed at the design of one or more defined re-

sults. Activities can be hierarchically structured and can belong to a sequence. All ac-

tivities of a method form the procedure model of the method. 

 Roles. People or boards who exercise a specific role and perform activities. From the 

viewpoint of a sponsor, a role groups together various activities. Roles are always in-

volved in activities in a specific form (e.g. responsible or consulting). 

 Documentation model. Activities utilize results and create or modify results. Like ac-

tivities, results can be hierarchically structured. All results together form the docu-

mentation model of the method. 

 Meta-model. The meta-model specifies the design objects of the results. It defines the 

syntax and semantics of the results in the sense of a formal language. 

 Techniques. Techniques describe how results are to be produced. Unlike the proce-

dure model, which defines when and in what order results are to be created, tech-

niques describe how results are to be obtained. 

 

 

Figure 3-1: Meta-Model of Method Engineering [Gutzwiller 1994] 

Meta-model

Design result Design activity
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Technique
produces /
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4 State of the Art 

In addition to the differentiation of various DQ dimensions (cf. section 2.2), DQ measure-

ments, in other words the evaluation of individual dimensions by means of objectively deter-

mined metrics, have also been the object of various research works. The following sections 

present approaches which describe concrete DQ metrics, measuring techniques, procedures 

for identifying data defects or calculation formulas for DQ metrics. 

 

Some of the articles discussed distinguish between the concepts of data and information, and 

hence data and information quality. The presented method considers data as the representa-

tion of business objects stored in databases and utilized by data users (cf. section 2.1). As in 

other works with a similar focus, no distinction is made here between data and information 

[Wang et al. 1998, Bourdreau/Couillard 1999, Pipino et al. 2002, McKinney Jr./Yoos 2010]. 

Other authors provide a nuanced discussion of the distinction between these concepts [Bour-

dreau/Couillard 1999, Spiegler 2000, Boisot/Canals 2004, McKinney Jr./Yoos 2010]. 

 

4.1 Batini et al. 

BATINI/SCANNAPIECO [2006] describe various DQ dimensions and explain these using calcu-

lation formulas. Furthermore, they outline various cost-benefit classifications  and explain the 

necessity of identifying business-critical data defects and monitoring them with DQ metrics . 

A comparative analysis of various approaches to measuring and improving data quality is 

explained by BATINI ET AL. [2009]. BATINI ET AL. [2007] describe a methodological proce-

dure with the following four phases to identify and monitor data defects (data quality risk) in 

the data objects of an enterprise: 

 

 Data quality risk prioritization. Modeling of organization units, processes and utilized 

data as well as the relationships for which data defects are known or assumed. 
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 Data quality risk identification. Identification of concrete business problems where 

data defects are the cause. 

 Data quality risk measurement. Qualitative and quantitative measurement of data 

quality (not further differentiated) and evaluation of the impact of data defects. 

 Data quality risk monitoring. Periodical DQ measurement, i.e. monitoring and evalua-

tion of identified data defects. 

 

4.2 Caballero et al. 

CABALLERO ET AL. [2007] define a meta-model for DQ measurements and metrics that is 

based on ISO/IEC Standard 15939 (cf. section 4.7). In another work, CABALLERO ET AL. 

[2008] use the meta-model to describe a methodology for DQ measurements that outlines a 

procedure for establishing DQ measurements, planning a DQ measuring process, performing 

DQ measurements and evaluating existing measuring processes in four phases with 16 activi-

ties. The four phases consist of the following: 

 

 Establish and sustain the data quality measurement commitment. Setting up a group 

of employees responsible for the specification, use and maintenance of DQ metrics. 

 Plan the data quality measurement process. Identifying business problems, affected 

process activities, data and roles, identifying and prioritizing requirements to be met 

by utilized data, identifying measurable data characteristics, specifying DQ metrics 

for monitoring characteristics and selecting the data objects to be measured. 

 Perform the data quality measurement process. Integrating processes for DQ mea-

surements into existing DQM processes, specifying data quality reports for communi-

cating measurement results, performing DQ measurements and communicating mea-

surement results. 

 Evaluate data quality measurement process. Continuously improving DQ metrics and 

measurements. 
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4.3 DAMA 

The Data Management Association (DAMA) defines nine functions for data management 

[DAMA 2009] and in the DQM function describes the definitions of DQ metrics  and the 

definition of validation rules (data quality business rules)  as two of twelve activities. The 

definition of DQ metrics consists of the following six steps: 

 

 Select one of the previously identified business problems. 

 Identify associated data object types, data utilization processes and data maintenance 

processes. 

 List the requirements to be met by the identified data [DAMA 2009]. 

 Identify impaired DQ dimensions for each requirement and specify validation rules in 

order verify if data objects meet the requirements. 

 Describe the measuring process for each validation rule, i.e. how the characteristics of 

a data object defined by the rules are to be validated. 

 Specify a threshold value for each validation rule. 

 

4.4 Larry P. English 

ENGLISH [1999] defines data quality (information quality) as “consistently meeting know-

ledge worker and end-customer expectations” and, in so doing, extends the context-

dependence of data quality outlined by WANG/STRONG [Wang/Strong 1996] to include the 

element of consistent data provision. Here, consistency encompasses a) fulfilling the re-

quirements of all (not just specific) data users, and b) providing the same data (also from dif-

ferent databases) for the same business objects. 

 

Furthermore, ENGLISH [1999] defines information as the aggregate of data, the clear meaning 

of data (definition) and comprehensible presentation, and states different DQ dimensions for 

the three components [English 1999]. This differentiation is also to be found in the proposed 

methodology, Total Quality data Management (TQdM), for sustainable improvement of data 
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quality [English 1999], which distinguishes between processes for measuring data definition 

quality (cf. Figure 4-1, P1) and data quality (P2). To measure the impact of poor data quality 

(nonquality information costs, P3), ENGLISH [1999] defines various cost types for defective 

data. Figure 4-2 shows the individual activities of the processes for DQ measurements. 

 

 

Figure 4-1: Processes of the TQdM Methodology [English 1999] 

 

As data definitions and information architecture (for the sake of simplicity, metadata in the 

following) form the basis for specific DQ measurements in P2, individual activities of P1 are 

to be performed before the start of P2 (cf. Figure 4-2, S1.1, S1.2 and S2.1). Alongside the 

activities for the actual DQ measurements (S1.4, S1.5, S1.6 and S2.7), the measuring 

processes include activities for limiting a scope (S1.2, S2.1), identifying stakeholders (S1.3), 

specifying target levels and metrics (S2.2) as well as comparing costs and benefits of data 

storage and use [English 1999]. 
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Figure 4-2: Process for Measuring Data Quality [English 1999] 

 

4.5 Heinrich et al. 

KAISER ET AL. [2007] define six requirements to be met by DQ metrics (also described by 

HEINRICH ET AL. [2007, 2008]) as well as metrics for the dimensions timeliness (or currency) 

[Heinrich et al. 2007, Heinrich et al. 2009], correctness and completeness [Heinrich et al. 

2008]. 
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second phase (rule validation) in which validation rules are defined and verified. 
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4.7 ISO / IEEE 

Standard 15939 of the International Organization for Standardization and the International 

Electrotechnical Commission (ISO/IEC) [DIN/EN/ISO 2000] defines a measuring process for 

system and software development (cf. section 4.2 for adaptation to DQ measurements). The 

process model encompasses activities for specifying the required information for measure-

ments, for performing measurements and for interpreting the measuring results. In addition to 

the process model, the standard contains a glossary of employed terms (cf. section 4.2, adap-

tation of terminology for DQ measurements). 

 

Standard 1061 of the Institute of Electrical and Electronics Engineers (IEEE) [1998] defines a 

methodological procedure for identifying, implementing, analyzing and validating quality 

metrics for software and software development processes. In addition to the methodology 

itself, the standard defines numerous terms required to describe the methodology and based 

on the IEEE glossary for software engineering [IEEE 1990]. These two IEEE standards pro-

vide the conceptual basis for the above mentioned ISO/IEC standard. 

 

4.8 David Loshin 

LOSHIN [2001] defines data quality in accordance with the definition of WANG/STRONG 

[1996] as “fitness for use” and refines this concept with the aspects free of defects and pos-

sesses desirable characteristics as well as various DQ dimensions which are structured ac-

cording to five categories [Loshin 2001]. For DQ measurements, LOSHIN [2001] describes 

nine categories with validation rules (data quality rule) as well as various examples for mea-

suring the individual DQ dimensions [Loshin 2001]. 

Furthermore, LOSHIN [2001] describes a methodological procedure for identifying the costs 

of business problems attributable to data defects. The procedure is oriented toward data utili-

zation processes (information chain) and includes the following activities: 
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 Model data utilization processes. Modeling process activities and data flows (e.g. the 

business process of invoice dispatch with data maintenance performed by customer 

service, updating of the invoice items by accounting management and the sending of 

invoices by the postal service provider). 

 Interview employees. Identifying business problems in interviews with employees for 

each activity in the data utilization process. 

 Interview customers. Identifying data defects in interviews with customers for each 

activity where customers utilize data (e.g. invoice, marketing activity). 

 Isolate data defects. Annotating the data utilization process with identified data de-

fects. 

 Identify impacts. Assigning business problems to the individual data defect/activity 

pairs. 

 Evaluate business problems. Evaluating the individual activity/business problem pairs 

by means of incurred costs or company-specific metrics for business problems. 

 

To support the methodology, LOSHIN [2001] outlines various business problems caused by 

data defects. 

 

4.9 Jack E. Olson 

OLSON [2003] defines data quality as the fulfillment of task-specific requirements (“data has 

quality if it satisfies the requirements of its intended use”) and refines the DQ dimension ac-

curacy (“whether the data values stored for an object are the correct values”) by means of six 

further dimensions [Olson 2003] that make a fundamental distinction between wrong data 

element and wrong data format. Various aspects are taken into consideration here, such as 

missing, inconsistent or inaccurate data elements and wrong data formats, which other au-

thors describe by dimensions such as consistency, accuracy or completeness. However, the 
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aim of this differentiation is not to provide a new definition of data quality, but to distinguish 

between measurable and non-measurable data defects (cf. Figure 4-3). 

 

 

Figure 4-3: Measurable Data Defects [Olson 2003] 

 

For measuring data quality (data profiling), OLSON [2003] describes five different tech-

niques, each of which addresses different data defect types. All techniques formulate possible 

data defects as rules and identify by means of measurement the data objects that do not satis-

fy specific rules (cf. Figure 4-4). 

 

 

Figure 4-4: Rule-Based Technique for DQ Measurements [Olson 2003] 

 

In addition to the detailed description of rule-based measuring techniques, OLSON [2003] 

describes different cost types and benefit potentials of improved data quality. He emphasizes 

the necessity of preparatory projects for identifying and evaluating critical data defects (as-

sessment projects). While these do not have any immediate benefit, they do, however, in-

crease the benefit of subsequent projects with concrete improvement initiatives (implementa-

tion projects) through the selection of effective initiatives and the prioritization of defects 

[Olson 2003]. 
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4.10 Price et al. 

PRICE/SHANKS [2005] conceptualize data quality from a semiotic viewpoint and define the 

following three categories for DQ dimensions: 

 

 Syntactic data quality. These dimensions evaluate the conformity of data elements 

and their specification. 

 Semantic data quality. These dimensions evaluate the representation of the real world 

(e.g. business objects) by data objects. 

 Pragmatic data quality. These dimensions evaluate the fulfillment of expectations 

that a specific data user associates with data when processing a specific task (subjec-

tive data quality). 

 

For measuring subjective data quality, PRICE ET AL. [2008] define 34 statements and describe 

their use as measuring techniques. 

 

4.11 Thomas C. Redman 

REDMAN [1996] defines data quality by means of DQ dimensions divided into three catego-

ries for measuring the quality of metadata, data elements and data presentation. He focuses on 

the DQ dimension accuracy [Redman 1996, 2005], which he defines as the ratio of the num-

ber of correct data elements to the total number of all data elements [Redman 1996]. 

 

4.12 Wang et al. 

WAND/WANG [1996] define four data defect types (data deficiencies) and the four intrinsic 

DQ dimensions complete, unambiguous, meaningful and correct. Here, a data defect is a va-

riance between the user‟s immediate perception of reality (“user‟s direct view of a real-world 

system”) and his/her perception of an IS (e.g. data) as a representation of reality (“user‟s view 
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of a real-world system as inferred from an IS representing the real-world system”) 

[Wand/Wang 1996]. 

 

 Incomplete representation. The IS is not capable of representing a specific status of 

the real-world system. 

 Ambiguous representation. One status of the IS represents several statuses of the real-

world system. 

 Meaningless states. One status of the IS represents an impossible status of the real-

world system. 

 Garbling. The status of an IS generated as the representation as a status of the real-

world system is incorrect, i.e. the status of the real-world system is represented by a 

status of the IS which in the event of correct representation would represent a differ-

ent status of the real-world system. 

 

WANG/STRONG [1996] identified 15 DQ dimensions and a structure comprising four catego-

ries in a two-stage survey (identification of possible dimensions, evaluation of the dimensions 

collected) of data users. By considering data as a product and defining data quality as “the 

data‟s fitness for use” (cf. section 2.2), the authors shape the understanding of data quality on 

which the paper is based. This perspective is concretized by further articles [Strong et al. 

1997, Wang 1998, Wang et al. 1998]. 

 

BALLOU ET AL. [1998] pick up on the consideration of data as a product and define a meta-

model for data production systems (information manufacturing systems), i.e. a process model 

for describing data lifecycles (specification, use and maintenance). Taking the example of a 

DQ metric for the DQ dimension timeliness, BALLOU ET AL. [1998] explain how the DQ me-

trics values for the various meta-model elements are to be calculated. SHANKARANARAYANAN 

ET AL. [2000, 2003] develop this approach further. 
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HUANG ET AL. [1999] describe the necessity for developing company-specific DQ metrics and 

define the following three categories of metrics (no new metrics in comparison with 

WANG/STRONG [1996]). 

 

 Subjective DQ metrics. Metrics for measuring data quality as perceived by data users. 

 Objective application-independent DQ metrics. Metrics for measuring e.g. integrity or 

completeness. 

 Application-specific DQ metrics. Metrics for verifying e.g. whether the requirements 

to be met by a data-using application are fulfilled. 

 

To support the measurements, HUANG ET AL. [1999] describe two applications for measuring 

objective and application-specific metrics and a list of questions for measuring subjective DQ 

metrics. 

 

LEE ET AL. [2002] define 65 statements for DQ measurements in organizations along the DQ 

dimensions of WANG/STRONG [1996]. The questionnaire has been successfully used in five 

organizations among a total of 261 people (four-page printout, questions not organized per 

dimension but mixed, 11-point Likert scale per question with level of agreement ranging 

from “not at all” to “completely”). 

 

PIPINO ET AL. [2002] define the following three categories for calculating the values of DQ 

metrics and assign the 15 DQ dimensions of WANG/STRONG [1996] by way of example. 

 

 Simple ratio. Ratio of the number of required results to the total number of results. 

Assigned dimensions: Free of error, completeness, consistency, concise representa-

tion, relevancy and ease of manipulation. 

 Min or max operation. Minimum or maximum value of metrics values for different 

attributes or data objects. Assigned dimensions: Believability (min), appropriate 

amount of data (min), timeliness (max) and accessibility (max). 
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 Weighted average. Weighted average of metrics values for different attributes or data 

objects. Applicable to the dimensions stated for min/max operation. 

 

PIPINO ET AL. [2005] outline calculation formulas (measurement scales) for measuring the DQ 

dimensions completeness, correctness and timeliness/currency. LEE ET AL. [2006] also ex-

plain various calculation formulas for measuring DQ dimensions and describe how to use a 

list of questions [Lee et al. 2002] for evaluating data quality. 

 

4.13 Comparative evaluation of the presented approaches 

The presented method should support a) the identification of causalities between data defects, 

business problems and strategic corporate objectives, and b) the specification of DQ metrics 

for monitoring the identified data defects (cf. section 1). The following criteria refine this 

research objective and enable the presented approaches to be assessed in comparison with 

one another as well as in respect of the research objective.  

 

 Method structure (K1 – K5). The aim of the method structure explained in section 3.2 

is to reduce the complexity of a design task (here: specifying business-oriented DQ 

metrics) by structuring that task. Even if none of the presented approaches describes a 

method that is complete in terms of the outlined structure, individual activities (K1), 

results (K2), meta-model elements (K3), roles (K4) and techniques (K5) are compara-

ble and have supported the method design. 

 Pragmatic definition and presentation (K6). The aim of applying the method is to 

specify metrics for monitoring business-critical data defects. This assumes the identi-

fication of business-critical data defects for which business data users are important 

discussion partners. In order to be able to explain data defects and possible impacts in 

interviews or workshops, a comprehensible and problem-oriented description of the 

phenomenon data quality is necessary.  
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 Metrics with business relevance (K7). The aim is to design business-oriented DQ me-

trics, i.e. metrics for monitoring data defects that can cause critical business problems. 

The design process should therefore include activities that identify and evaluate cau-

salities between data defects and business problems. 

 Implementable metrics (K8). The aim is a detailed documentation of the DQ metrics 

so that a prototype implementation of the measuring techniques and interpretation of 

the metrics values on a measurement scale are possible. In particular, this calls for the 

concrete description of a measuring technique (e.g. questionnaire, validation rules). 
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Alur et al. [2007] 1 0 0 0 4 0 0 0 

Ballou et al. [1998] 0 0 0 0 3 0 0 2 

Batini et al. [2007] 2 0 0 0 0 0 2 0 

Batini et al. [2009] 1 0 0 0 0 0 1 0 

Batini/Scannapieco 
[2006] 

0 0 0 0 1 1 1 1 

Caballero et al. [2007] 0 0 3 0 0 0 0 0 

Caballero et al. [2008] 3 1 0 0 1 0 0 0 

DAMA [2009] 2 0 0 0 0 1 0 0 

English [1999] 3 0 0 2 1 3 2 0 

Heinrich et al. [2009] 2 0 0 0 0 0 0 2 

Huang et al. [1999] 0 0 0 0 3 2 2 3 

IEEE [1990] 0 0 1 0 0 0 0 0 

IEEE [1998] 0 0 2 0 0 0 0 0 

ISO/IEC [2007] 0 0 3 0 0 0 0 0 

Kaiser et al. [2007] 0 0 0 0 2 0 0 1 

Lee et al. [2002] 1 0 0 0 3 0 0 3 

Lee et al. [2006] 0 0 0 0 0 1 0 2 

Loshin [2001] 2 0 0 0 0 3 3 2 

Olson [2003] 1 0 0 0 3 3 2 2 
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Pipino et al. [2002] 0 0 0 0 2 2 0 1 

Pipino et al. [2005] 0 0 0 0 2 1 0 3 

Price et al. [2008] 0 0 0 0 3 0 0 3 

Price/Shanks [2005] 0 0 0 0 0 3 0 0 

Redman [1996] 0 0 0 0 0 2 0 1 

Wand/Wang [1996] 0 0 0 0 0 3 0 0 

Wang/Strong [1996] 0 0 0 0 0 4 0 0 

0: Approach/result does not consider respective aspect, 1: Approach/result considers respective aspect, 2: 

Approach/result is suitable as template for designing the method, 3: Approach/result is suitable for use in the 

method with modifications, 4: Approach/result is used in the method. 

Table 4-1: Evaluation of Presented Approaches to Data Quality Measurement 

 

Table 4-1 shows the evaluation of the presented approaches and results along eight criteria on 

a five-point ordinal scale. The maximum evaluation means that the respective approach 

and/or the respective result have been reused when designing the method without any major 

adjustments. 
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5 Method Design and Application of the Method 

This section explains the individual elements of the method for specifying business-oriented 

DQ metrics. Since procedure model, documentation model, roles and techniques are closely 

linked with one another, these partial models are not described individually but in the form of 

method fragments (in each case, design result, activity producing the result, roles involved 

and techniques used) in sections 5.2.1 to 5.2.7 [Bucher 2009]. Techniques and roles are de-

scribed when the respective role or technique is involved in the execution of an activity for 

the first time or can be used for this purpose.  

 

5.1 Meta-model 

The aim of applying the presented method is to 

 identify causal chains (i.e. of associated cause-and-effect relationships) between data 

defects, critical business problems and strategic corporate objectives, and to 

 specify DQ metrics for monitoring the identified data defects. 

 

Figure 5-1 illustrates the concept of causal chains by classifying the concepts according to the 

various layers of an enterprise architecture. This simplified presentation shows the relation-

ship between activities of a company‟s business processes and the achievement of strategic 

business objectives as well as the utilization of data when creating products and services (cf. 

Figure 5-1, left). For the identification of concrete causal chains (cf. Figure 5-1, right), all 

relationships between strategic objectives, process activities and utilized data are to be consi-

dered and the chains are to be selected  

 which contain a business problem that jeopardizes the achievement of a strategic cor-

porate objective and 

 whose business problems are attributable to clearly identifiable data defects. 
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A metric which monitors a data defect identified by this means, has a clearly defined relation-

ship to the company‟s value creation via the causal chain and is therefore a business-oriented 

DQ metric. 

 

 

Figure 5-1: Causal Chains in the Context of an Enterprise Architecture 

 

As strategic success factors are usually monitored by process metrics or strategic controlling 

systems (e.g. Balanced Scorecard [Kaplan/Norton 1992]) (cf. Figure 5-1, center), these moni-

toring structures are to be considered both when identifying the causal chains and when spe-

cifying DQ metrics (cf. section 5.2.5). 

 

Figure 5-2 shows the meta-model of the method with attributes and relationships of the de-

sign objects of the documentation model. Key design objects are data defects and DQ me-

trics. The remaining design objects are for documenting the identification process and the 

business relevance of the identified data defects. The significance of these business objects is 

explained in the context of the individual method fragments (cf. sections 5.2.1 – 5.2.7). 

 

The definition of the concept data defect is based on the definition of data quality explained 

in section 2.2, according to which the quality of data is considered to be good if it satisfies the 

expectations of a data user when executing a task. In line with this concept, a data defect is a 
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characteristic of the data object, the data object type or the presentation of data elements 

which does not satisfy the respective requirements. If, for example, the process activity in-

voice dispatch expects complete address data for posting invoices, a missing street name is a 

data defect which reduces process performance (e.g. measured by the proportion of undeli-

verable invoices) and leads to a variance in the measured values of a process metric from its 

target level. 

 

 

Figure 5-2: Meta-Model of the Method 

 

The task of a DQ metric is to monitor data defects, i.e. to identify the characteristics of data 

objects, data object types or the presentation of data elements which do not meet the require-

ments at an early stage (i.e. before they cause a business problem). For the specification of 

DQ metrics, therefore, the requirements to be met by data are to be identified and translated 

into (as far as possible machine-executable) measuring techniques. For this purpose, the pre-
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sented method describes a technique for formalizing requirements by means of validation 

rules (cf. section 5.2.5.1). 

 

For the implementation of DQ metrics, the measuring technique and the measuring scale are 

particularly important. The measuring technique measures a metric value by mapping the 

result of a measurement performed at a measuring point onto a scale. In order to be able to 

compare the measured values of a data quality metric with those of a process metric (e.g. to 

show any negative influence of poor data quality on process performance), the level of mea-

surement of the process metric must be taken into account when specifying the data quality 

metric: Comparative statements (e.g. correlations) are only permissible for the same levels of 

measurement.  

 

5.2 Method fragments 

The description of the presented method by means of method fragments is structured accord-

ing to seven activities in a procedure model. Since procedure model, documentation model, 

roles and techniques are closely linked with one another, these partial models are not de-

scribed individually but in the form of method fragments (in each case, design result, activity 

producing the result, roles involved and techniques used) in sections 5.2.1 to 5.2.7 [Bucher 

2009]. Figure 5-3 provides an overview of the method with the activities (left-hand side) and 

the respective roles involved (right-hand side). The middle column of Figure 5-3 shows the 

attributes of the meta-model which instantiate the stated roles in the respective activity and 

thus specify the result of the individual activities. The “*” symbol means that all the attributes 

of the stated meta-model entity type are instantiated. The fundamental structure of the method 

consists of the following three phases: 

 

 Collect information. The knowledge required to identify causal chains is distributed 

across a large number of roles in the enterprise. This phase therefore encompasses ac-

tivities with a high degree of communication. Information is collected from different 
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roles and consolidated into a scope for application of the method and into causal 

chains. 

 

 

Figure 5-3: Procedure Model with Relationships to Meta-Model and Roles 
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at least one DQ metric. The prime task is to formalize identified data defects by 
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means of validation rules (or another measuring technique) and link the rules (e.g. 

through calculation formulas) to form metrics.  

 Approve and document. The aim is to document the specifications of the DQ metrics 

and the connection to business (i.e. the causal chains) so that the metrics can be im-

plemented. 

 

As well as the description of the method, sections 5.2.1 to 5.2.7 contain examples of the in-

stantiation and/or use of individual method elements in three different companies. Table 5-1 

outlines the anonymized companies and the respective project context. 

 

 Consumer Goods Inc. Power Inc. Telephone Inc. 

Sector Consumer goods production Power supply Telecommunications 

Revenues 
(2009) 

EUR 6 billion CHF 750 million EUR 60 billion 

Headcount 
(2009) 

20,000 1,400 260,000 

Project Context 

Time Frame 01/2010 – 06/2010 11/2009 – 06/2010 06/2009 – 02/2010 

Project Team 5 team members 

17 interviewees 

4 team members 

9 workshop participants 

3 team members 

2 interviewees 

Business 
Processes 

Distribution, marketing, quali-

ty management, production 

Invoicing, reminders, in-

voice dispatch, marketing 

Availability check for 

broadband internet 

Data Object 
Type 

Product data Business partner, contract, 

contract account data 

Network infrastructure, cus-

tomer data 

Table 5-1: Application Companies (anonymized) and Project Context 

 

5.2.1 Define scope 

The goal of Activity I.1 is to define possible scopes (cf. Table 5-2). 
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Activity I.1: Define Scope 
The goal is to identify process activities or business transactions where business problems are known or pre-

sumed, the cause of which is presumed to be data defects. For each process activity, at least one process metric 

should be identified for which measured values are available. In addition, the (monetary) impact of the business 

problems is to be documented. 

Result Document 
List of scopes 

Roles 

 Sponsor 

 Corporate data steward 

 Process owner 

Techniques 

 Interview/workshop 

 Data quality simulation 

Checklist 
 Process activities and business transactions with known or presumed business problems (potentially caused 

by data defects) have been identified. 

 Process metrics for monitoring the performance of the identified process activities have been identified. 

 Business problems and data defects as potential cause have been described. 

 Costs arising as a result of identified business problems have been described. 

Table 5-2: Method Fragment for Activity I.1 

 

A scope focuses on part of an organization‟s enterprise architecture (e.g. process activities, 

business objects, data object types) (Figure 5-1) in which business problems are known or 

presumed. The aim of applying the method is to identify causal chains (in particular business 

problems and the data defects that cause them) within these scopes and to specify DQ metrics 

for monitoring data defects. 

 

Telephone Inc. has defined the availability check for IP-TV (process activity) as 

its scope. Potential customers can go onto a website and check whether IP-TV is 

available at a specific address (positive answer) or not (negative answer). A false 

negative answer, i.e. a negative answer despite IP-TV actually being available at 

the address in question, significantly reduces the probability of winning the in-

quirer as a new customer (value of a new customer approx. EUR 500 p.a.), and 

therefore makes it more difficult to achieve strategic corporate objectives (win 

new customers, increase revenues). The percentage of false negative answers is 

therefore a process metric for monitoring the performance of the availability 

check service. A clear correlation is presumed between the correctness of availa-

bility check answers and the quality (accuracy, completeness) of network infra-

structure data. 
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For each process activity (i.e. as part of every scope) focused on, at least one process metric 

should be identified for which measured values are available. Furthermore, the business prob-

lem (in the example, a false negative answer from the availability check) is to be described 

along with the impact of the problem on the process metric and the achievement of the corpo-

rate objective focused on. 

 

In its search for critical data defects, Consumer Goods Inc. considered the entire 

supply chain and limited the scope by focusing on product data as well as intra-

organizational and inter-organizational interfaces. The reasons for this definition 

of the scope were on the one hand the fundamentally good quality of the master 

data (little criticism, few known problems) and on the other, occasional but con-

crete criticism of the quality of logistical product data (in particular weights). 

Strategic corporate objectives (compliance, cost reduction, high service level) 

have not been refined by concrete process metrics. 

 

In addition to the focus on concrete process activities as the scope, it is also possible to con-

centrate on data object types (in the example of product data). This focus is useful if concrete 

data defects are known or if the DQM organization (e.g. department within the IT organiza-

tion, shared service center structured according to data object types) calls for a focus on spe-

cific data objects. 

 

Power Inc. has limited the scope to the business objects customer, contract and 

contract account as well as various business transactions from invoicing, cus-

tomer service and marketing processes. The reason for this selection is the goal 

of being able to use the specified DQ metrics for comparing DQ measurements 

with other energy suppliers at a later date (benchmarking). The scope has there-

fore been limited to business objects and business transactions which are pre-
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sumed to be similarly structured by other energy suppliers and hence compara-

ble. 

 

As a fundamental requirement, the overriding goal of DQ measurements should already be 

taken into account when defining the scope. While specifying DQ metrics as a DQM tool can 

be the only goal of the method application, in most cases concrete requirements such as im-

proving the performance of a given process activity (cf. Telephone Inc.), concretizing known 

data defects and explaining the business relevance (cf. Consumer Goods Inc.) or inter-

organizational benchmarking (cf. Power Inc.) are the drivers for the specification of DQ me-

trics. 

 

5.2.1.1 Roles 

The roles of the method are based on a reference model for data governance [Weber 2009, 

Weber et al. 2009]. The central role is the corporate data steward (cf. Figure 5-3). He or she is 

responsible for configuration (e.g. selection of techniques) and application of the method, 

coordinates cooperation between the people and boards involved, and documents the results. 

This role is usually assumed by the head of the DQM organization. In large organizations, 

however, this person may also take the Sponsor role and delegate the tasks of Corporate Data 

Steward to someone else in her or his team. Further description of the method assumes a 

DQM organization headed by the corporate data steward (one person) and a sponsor (one 

person, superior of the corporate data steward) outside of the DQM organization. 

 

The sponsor defines goals for the method application, ensures the availability of the neces-

sary resources and approves the business concept (result document of Activity III.2, cf. sec-

tion 5.2.7). The prime task of the corporate data steward and sponsor in Activity I.1 is to 

identify a scope which on the one hand focuses on a major part of the company‟s value chain 

and for which on the other hand there are clear causal chains, i.e. clearly recognizable rela-

tionships between data defects and business-relevant problems. 
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The head of the DQM organization at Consumer Goods Inc. was in charge of ap-

plying the method with external support. As sponsor, the head of Supply Chain 

Management, which DQM also belongs to organizationally, supported the initia-

tive (project budget, personnel resources, assistance with requests for company-

wide interviews). 

 

Since, in addition to specific knowledge of the company‟s business processes, business model 

and organization structure, general experience with searching for causal chains is a success 

factor for application of the method, external assistance for the corporate data steward can be 

helpful. 

 

Process owners [DIN/EN/ISO 2000] are useful interlocutors when identifying suitable 

scopes. Typical tasks of a process owner are the planning and monitoring of process goals, 

the maintenance of process metrics, and the planning and initiation of improvement initia-

tives. In terms of the method application, the process owner‟s task is to assess which process 

activities in particular could be jeopardized by data defects and which process metrics might 

clearly show the impacts of possible data defects. 

 

5.2.1.2 Technique interview/workshop 

The aim of an interview is to collect information on or evaluate a specific set of facts in a 

conversation with one or more people. A workshop, on the other hand, serves less for collect-

ing information and more for developing or discussing outcomes (e.g. defining requirements). 

It is advisable to conduct a workshop with several people as discussions between the partici-

pants open up new perspectives and facilitate the identification of otherwise hidden correla-

tions (e.g. interdepartmental causalities between data defects and business problems). The 

method provides interview guidelines, documentation templates and sample results (e.g. ex-

amples of causal chains) to assist with the envisaged interviews and workshops. 
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As neither interviews nor workshops are recommended exclusively in any of the activities 

involved, the method groups both options together in one interview/workshop technique and 

describes its application for each activity. To improve readability, either one interview or one 

workshop is described. In all cases, the corporate data steward conducts the workshop or in-

terview, and tries to collect and document all the necessary information by means of targeted 

questions and discussions. Further techniques of the method (e.g. data quality simulation, cf. 

section 5.2.1.3) can assist an interview or workshop. 

 

In order to identify possible scopes, an interview must first be conducted with the sponsor. 

This is used to develop 

 a list of ongoing projects,  

 a list of completed or failed projects, and 

 a list of business problems 

for which the data defects or DQM initiatives have already been discussed or are currently 

under discussion. The aim of this interview is to obtain knowledge of existing analyses, spe-

cifications or other project results and to identify process owners for further interviews. To 

assist the interview, the method provides examples of causal chains (see Appendix B.1) and a 

documentation template (see Appendix E.1). If concrete data defects or business problems are 

the reason for applying the method, this interview can be replaced by a brief agreement of the 

goals for application of the method. 

 

In interviews with individual process owners, the previously sketched out scopes are to be 

concretized and for each scope 

 a process activity, 

 at least one business problem, 

 at least one process metric whose measured values are impacted by the business prob-

lem, 
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 the impact of the business problems on process performance and 

 data defects as the possible cause of each business problem 

are to be described. The materials from B.1 and E.1 can be of assistance in this context. 

 

5.2.1.3 Technique data quality simulation 

This technique enables data quality metrics values to be simulated on the basis of a modeled 

DQM scenario. A scenario of this kind encompasses various causal chains (i.e. data defects, 

DQ metrics, business problems) and DQM initiatives, and defines assumptions in respect of 

the probability of data defects, the cause of business problems and the impact of DQM initia-

tives [Otto et al. 2010]. Figure 5-4 shows a tool for the modeling and simulation of DQM 

scenarios. The tool enables the definition of data defects and a probability can be given for 

each data defect (cf. slider in Figure 5-4). A scenario also encompasses business problems 

and the assignment of defined data defects as the cause of these business problems. A simula-

tion step simulates the occurrence of data defects and the number of business problems 

caused. Reactive DQM initiatives can repair data defects and thus reduce the number of busi-

ness problems caused in the next simulation step. The simulation of a concrete scenario for 

Telephone Inc. is described in section 5.2.7. 
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Figure 5-4: Tool for the Simulation of Data Quality Management Scenarios 

 

When defining possible scopes, the tool shown in Figure 5-4 can be used to support the inter-

view with sponsor and process owners, enabling discussed correlations to be illustrated and 

examples of causal chains explained. The method provides modeled scenarios for the causal 

chains described in Appendix B.1, which can be adapted and simulated with the tool 

(see Figure 5-4). A more detailed description of the technique and the simulation method 

used is given by OTTO ET AL. [2010]. 
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5.2.2 Identify data and IT systems 

The goal of Activity I.2 is to identify the IT systems used in the individual scopes and to ob-

tain a description of the analyzed data which is as precise as possible (cf. Table 5-3). In inter-

views (cf. technique interview/workshop) with the respective process owners, the data used in 

a given process activity and the IT systems which deliver or use the data (databases or busi-

ness applications respectively) are to be identified for each previously identified scope. In the 

case of data, not only the data object type (e.g. customer data), but also a detailed limitation 

of the presumably defective data objects (e.g. “all male customers in St. Gallen”, “all active 

products offered in Switzerland”) is to be documented. To assist the interview, the method 

provides a documentation template (see Appendix E.1). 

 

Activity I.2: Identify data and IT systems 
The goal is to identify the data used in the process activities and the IT systems which store (databases) and/or 

use (business applications) the data for each scope previously identified, and to concretize these by limiting the 

data object types already documented. In addition, the type of possible data defects is to be limited by the selec-

tion of analyzed DQ dimensions. 

Result document 
List of scopes, data, IT systems and 

DQ dimensions 

Roles 

 Corporate data steward 

 Process owner 

Techniques 

 Interview/workshop 

Checklist 
 For each scope, the analyzed data have been described as precisely as possible (i.e. data object type and 

limitations). 

 For each scope, the databases and business applications used have been identified. 

 For each scope, the DQ dimensions to be focused on have been selected. 

Table 5-3: Method Fragment for Activity I.2 

 

Consumer Goods Inc. has selected approx. 100 data attributes (grouped into 20 

data clusters) from the company’s product data model consisting of approx. 800 

attributes. The strategy of the DQM organization is stated to center on “the time-

ly provision of accurate, complete and consistent data”. In order to focus the dis-

cussion in planned workshops, the four DQ dimensions timeliness, accuracy, con-

sistency and completeness have therefore been selected. 

 



5 Method Design and Application of the Method 45 

© HSG / IWI / CC CDQ / 28 

In addition to limiting the data analyzed, the corporate data steward should select several DQ 

dimensions for the identification of causal chains in Activity I.3 in order to ensure a focused 

discussion. However, as the selection of approaches presented in section 4 already shows, no 

generally accepted definition of data quality exists. Instead, the various authors propose dif-

ferent lists of DQ dimensions which overlap in part. While the list of 15 dimensions proposed 

by WANG/STRONG [1996] is the most well-known approach, other works [Olson 2003, 

Price/Shanks 2005] should also be borne in mind, particularly taking into account DQ mea-

surements (i.e. the operationalization of DQ dimensions through objectively measurable cha-

racteristics of data objects) as the goal of method application. 

 

 

Figure 5-5: Guiding Questions for Selected DQ Dimensions 

 

The method does not prescribe any selection of DQ dimensions, but provides various lists as 

a guide in Appendix A. The corporate data steward should select approximately four to eight 

dimensions from these suggestions and formulate guiding questions by way of explanation 

for each dimension (cf. Figure 5-5). The documentation template from Appendix E.2 can help 

in this context. If the DQM organization has formulated a DQM strategy, it is essential to 

take this into account as DQ dimensions (cf. Consumer Goods Inc.) it contains have already 

 Are there any wrong or inaccurate data?

 How do you realize wrong or inaccurate data?
AccuracyI

 Are there any missing data?

 Are there any missing data fields?
CompletenessII

 Are there any out-dated data?

 Are there any data provided to late?
TimelinessIII

 Are you as a data consumer satisfied with the data’s quality?

 Do you trust in the data provided to you?

 What might be primary improvements to increase your satisfaction with data?

 Are there any dispensable data fields (i.e. not used, not needed)?

Customer 

satisfactionV

ConsistencyIV
 Are there any inconsistent data regarding data in the PLM system?

 Are there any inconsistent data regarding data in other systems?
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been aligned with corporate strategy as success factors for the creation of products and ser-

vices. 

 

5.2.3 Identify causal chains 

The goal of this activity is to identify causal chains with business-critical data defects for 

which the corporate data steward will subsequently specify DQ metrics in Activity II.1 to 

monitor them (cf. Table 5-4). The identification process should be performed top down, i.e. 

the corporate data steward should try to identify data defects on the basis of known business 

problems. 

 

Activity I.3: Identify causal chains 
The goal is to identify causal chains, i.e. cause-and-effect relationships between data defects, business problems 

and strategic corporate objectives. For this purpose, business problems are to be identified for each process 

activity within the scope, and for the each business problem, the impact (e.g. costs) and the data defects causing 

it. 

Result document 
List of causal chains 

Roles 

 Business data steward 

 Corporate data steward 

 Data user 

 Technical data steward 

 Process owner 

Techniques 

 Data quality analysis 

 Data quality simulation 

 Interview/workshop 

Checklist 
 Causal chains have been described in full (i.e. data defects, business problems and impacts). 

 Causalities (business problem / impact on strategic corporate objective, data defect / business problem) have 

been described precisely (i.e. quantified as far as possible). 

Table 5-4: Method Fragment for Activity I.3 

 

The technique interview/workshop supports the identification process through interviews with 

various experts within the company (cf. section 5.2.3.1). The technique data quality simula-

tion can help the discussion in the interviews and illustrate the correlations discussed by 

means of simulated DQM scenarios. If the identification of data defects on the basis of busi-

ness problems (top-down approach) does not lead to the desired result, or if the corporate data 

steward wants to identify potential data defects in preparation for interviews (bottom-up ap-

proach), the technique data quality analysis (cf. section 5.2.3.2) enables the identification of 

statistically striking data elements. 
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5.2.3.1 Roles 

The identification of causal chains is the task of the corporate data steward. However, as in 

most cases he or she does not possess the required knowledge of the company‟s entire value 

chain with process and data architecture as well as the associated controlling systems (cf. 

section 5.1), this information has to be collected from different experts and consolidated. 

Business data stewards are part of a company‟s DQM organization and report to the corporate 

data steward (cf. section 5.2.1.1). They are responsible for working with business depart-

ments and maintain, for example, business metadata or business data quality requirements to 

be met by application systems. Although other responsibilities are possible (e.g. per depart-

ment, per process), further description of the method is based on the responsibility of a busi-

ness data steward for one data object type in each case (e.g. material master, customer mas-

ter). 

 

A technical data steward represents the same for the IT department that a business data ste-

ward represents for the business department. Here again, further description of the method 

assumes one technical data steward per data object type. A technical data steward has de-

tailed business knowledge of the databases and application systems which store or operate 

with the respective data. 

 

Data users are company employees who create and use data in their day-to-day work (i.e. 

execute work procedures described in process activities), the emphasis being on use in the 

context of applying the method. As the employees are directly confronted with data defects in 

their work (e.g. missing, inaccurate, out-of-date data elements), they can describe the imme-

diate impacts of defective data and are therefore important interlocutors when identifying 

causal chains. 

 

In addition to the corporate data steward and external support, the project team 

at Consumer Goods Inc., who applied the method, includes a business data ste-
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ward for product data as well as a technical data steward. The technical data 

steward assisted with detailed expert knowledge of the functionality of the central 

product lifecycle management (PLM) system at Consumer Goods Inc. A total of 

16 data users identified causal chains in seven workshops. Prior to the inter-

views, the sponsor communicated the necessity for the initiative and, in so doing, 

ensured the availability and active participation of the interviewees. 

 

5.2.3.2 Technique data quality analysis 

The technique data quality analysis utilizes statistical methods to identify unusual data ele-

ments (i.e. which significantly deviate from the mean or are rarely used). Various software 

manufacturers offer applications to support this technique [Alur et al. 2007]. Providing that 

the corporate data steward considers its application useful, this technique should be used to 

prepare for a workshop (cf. section 5.2.3.3) in order to find points of reference for possible 

causal chains. In the case of identified deviations, however, it is important to check whether 

these really do involve a data defect and, if so, whether the data defect is attributable to a 

known business problem (bottom-up approach). 

 

5.2.3.3 Application of the technique interview/workshop in Activity I.3 

Knowledge of individual aspects is usually distributed among several people (technical data 

stewards have detailed knowledge of data defects; business data stewards and data users 

know about the business problems). Moreover, the processes often span different departments 

(e.g. address data entry by a call center, address data cleansing by the DQM organization and 

address data use by the invoice dispatch and marketing departments). As far as possible, 

therefore, the corporate data steward should try to bring together diverse roles and employees 

from different departments, and encourage discussion in a workshop. 
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Power Inc. conducted a workshop with a total of nine employees from the areas 

of business customer accounting, residential customer accounting, DQM, cus-

tomer service, marketing, invoicing and invoice dispatch. For ten business trans-

actions (e.g. mailing campaign, reminders, invoice compilation), the participants 

discussed business problems as well as identifying and evaluating defects in busi-

ness partner data, contract data and contract account data. 

 

 

Figure 5-6: Workshop Guideline for Identifying Causal Chains 

 

To assist a workshop, the corporate data steward should set out the scope in a presentation 

(e.g. attributes, data object types and business transactions to be analyzed) so that he/she can 

focus the discussion. Consumer Goods Inc., for example, developed a guideline with 

attributes grouped according to business needs and then discussed this for each business 

transaction they were focusing on (see Figure 5-6). 

 

Consumer Goods Inc. identified various causal chains in the seven workshops 

they conducted and also evaluated frequency and criticality (costs incurred di-

rectly by e.g. additional expense or faulty production, risk of complaints and im-

pairment of service level). Figure 5-7 shows an extract from the documentation 
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template used. The evaluation enabled Consumer Goods Inc. to identify seven 

problem areas which have structured the metrics system specified in Activity II.2. 

 

 

Figure 5-7: Documentation Template for Evaluating Causal Chains 

 

When evaluating causal chains, it is important to ensure equidistant rating levels and hence 

comparability of evaluation scales across the various workshops, for example by explaining 

how the rating levels in an employed Likert scale are to be interpreted. The corporate data 

steward should select rating dimensions and levels that are easy to understand and reflect 

corporate objectives (e.g. frequency of business problems, impairment of customer satisfac-

tion, product quality or service level, risk of complaints, extra work required, storage costs, 

manufacturing rejects or transport costs). To ensure that evaluations are comparable, the cor-

porate data steward should provide interpretation guidance, e.g. by mapping all rating dimen-

sions onto costs (or another uniform criterion) and state the approximate costs for each rating 

level. 

 

The type of technique applied will be largely dependent on the specific circumstances of the 

respective company (e.g. availability and distribution of employees), and therefore cannot be 

prescribed by the method. The following three application types have already been performed 

successfully (see Appendix E.5 for documentation templates). 
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 Task-specific interview. Interview with one or more company employees who perform 

a specific job (e.g. call center agent, customer service adviser). In interviews of this 

kind, the emphasis is not on discussing causal chains that span various departments or 

roles, but on concretizing known business problems and data defects. Appendix B.2 

provides guiding questions for this purpose. 

 Department-specific workshop. Workshop with several employees from a business 

department (e.g. finance, marketing, product development), a support function (e.g. 

decision-making support, quality management) or a production plant. It is useful to 

carry out this type of workshop when employees are geographically far apart, or when 

a large number of employees and business units are to be involved. By way of assis-

tance, Appendix B.1 gives examples of causal chains for this purpose. In addition, the 

technique data quality simulation provides the possibility of simulating causal chains 

that are being discussed. 

 Interdepartmental workshop. Workshop with several employees from different de-

partments. Preference is to be given to this type of workshop as it allows the discus-

sion to cover the entire scope. The corporate data steward should nonetheless limit the 

number of participants to between 8 and 15 people to ensure a focused discussion de-

spite the welcome breadth. 

 

Application of the method has shown that as well as the causal chains to be identified, possi-

ble initiatives for improving data quality are also discussed in a workshop. While this infor-

mation is not directly necessary for the specification of DQ metrics, the corporate data ste-

ward should nonetheless document it in view of its usefulness for possible projects at a later 

date (cf. Figure 5-2 and documentation template in Appendix E.5). 
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5.2.4 Define and prioritize requirements 

The goal of Activity II.1 is to define a list of requirements, i.e. a company-specific list of re-

quirements to be met by a DQ metric, ranked in order of importance (cf. Table 5-6). After 

specifying the DQ metrics in Activity II.2, the corporate data steward checks that the re-

quirements have been met in Activity III.1. Since these requirements represent what is ex-

pected of the DQ metrics, the corporate data steward should agree the list of requirements 

with the sponsor. Prioritizing the individual requirements also assists the approval and, if 

necessary, the adaptation of the list of requirements in Activity II.2. 

 

Activity II.1: Define and classify requirements 
The goal is to define a list of requirements, i.e. a company-specific list of requirements to be met by a DQ me-

tric, ranked in order of importance. 

Result document 
List of requirements 

Roles 

 Business data steward  

 Corporate data steward 

 Sponsor 

 Technical data steward  

Techniques 

 Interview/workshop 

Checklist 
 The defined requirements include all corporate guidelines (e.g. existing metrics systems, reporting templates, 

standards). 

 The list of requirements does not contain any conflicting requirements. 

 The prioritization reflects the importance of the individual requirements. 

Table 5-5: Method Fragment for Activity II.1 

 

Guidelines at Telephone Inc. require metrics to be integrated into a Balanced 

Scorecard used throughout the company. This requirement implies the necessity 

for taking into account the structure and units of measure of the Balanced Score-

card metrics system when specifying DQ metrics (particularly when selecting the 

level of measurement and unit of measure). For this reason, Telephone Inc. has 

defined the use of a percentage scale (optimum: 100%) as a requirement for the 

design of the DQ metrics. 

 

Typical requirements relate to the presentation of measured values, subsequent areas of ap-

plication or the structure of the metrics system. To support the activity, the method includes a 
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list of requirements to be met by DQ metrics (see Appendix C). These requirements can assist 

the discussion in a workshop (cf. technique interview/workshop, section 5.2.1.2) between the 

corporate data steward and the various other data stewards (those responsible for the data 

object types affected by the causal chains). Appendix E.4 provides a template for document-

ing the requirements. 

 

Power Inc. formulated the comparison with other companies (benchmarking) as 

the goal of using DQ metrics. To ensure the subsequent comparability of DQ 

measurements, validation rules should only consider attributes of standardized 

data models (e.g. data fields of unmodified standard software). 

 

The specification of DQ metrics in the form proposed by the method, i.e. with the identifica-

tion of causal chains (cf. sections 5.2.1 and 5.2.3), the use of validation rules as measurement 

technique (cf. section 5.2.5.1) and the mapping of metrics values onto a percentage scale (cf. 

5.2.5.2), fundamentally ensures the fulfillment of various requirements. 

 

 Aggregation. The use of a uniform calculation formula (cf. technique specification of 

calculation formulas, section 5.2.5.2) in the measuring technique of DQ metrics fun-

damentally ensures that it is possible to aggregate the measured values. However, it 

may be necessary to bear in mind different limitations of the validated data (cf. Activ-

ity I.2). 

 Acceptance. The discussion on possible DQ measurements prompted by the inter-

views or workshops in Activity I.3 facilitates introduction of the metrics and promotes 

the acceptance of their use. 

 Improvability. As the fundamental structure of the DQ metrics is based on data de-

fects, the result of the specification process provides concrete points of reference for 

DQM measures to eliminate or prevent the monitored defects for each metric. 
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 Business relevance. The identification of business-critical data defects (cf. Activity 

I.3) and the documentation of causal chains (cf. Activity II.2) ensure that each valida-

tion rule and each DQ metric can be assigned to at least one business problem. 

 Measurability. The specification of validation rules as measuring techniques (cf. tech-

nique specification of validation rules, section 5.2.5.1) ensures that values can be de-

termined for the specified DQ metrics.  

 Standardization. The use of the calculation formulas explained in section 5.2.5.2 en-

sures the interpretation of DQ measurements on a ratio scale and thus the compara-

bility of metrics values. 

 

5.2.5 Specify data quality metrics 

The goal of Activity II.2 is to specify DQ metrics for monitoring the previously identified 

data defects (cf. Table 5-6). For this purpose, it is necessary to describe the databases for 

whose data elements the metrics values are to be measured (measuring points), the data to be 

validated, the timing of the measurements (measuring frequency), a measuring scale, a unit of 

measure and a measuring technique. 

 

Activity II.2 
The goal is to specify at least one DQ metric for each previously identified causal chain. For this purpose, it is 

necessary to describe the databases for whose data elements the metrics values are to be measured (measuring 

points), the data to be validated, the timing of the measurements (measuring frequency), a measuring scale, a 

unit of measure and a measuring technique. In terms of measuring techniques, the method proposes validation 

rules and supports the design of rules and calculation formulas by describing two techniques. 

Result document 
List of DQ metrics specifications 

Roles 

 Business data steward  

 Corporate data steward 

 Technical data steward  

Techniques 

 Data quality simulation 

 Interview/workshop 

 Specification of calculation 

formulas 

 Specification of validation rules 

Checklist 
 Each DQ metric has been specified in full, i.e. the data to be validated, a measuring point, a measuring scale, 

a unit of measure, a measuring frequency and a measuring technique have all been described. 

 The specification of the measuring techniques takes into account all previously documented causal chains, 

unless reasons are stated as to why a causal chain has not been included. 

 All specified measuring techniques can be implemented at the specified measuring points. 

Table 5-6: Method Fragment for Activity II.2. 
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A prime task of the corporate data steward is the specification of measuring techniques, i.e. 

the design of procedures that investigate whether or not the examined data show one or more 

of the business-critical data defects identified in Activity I.3. While the attributes limitations, 

measuring frequency and measuring point stated in the meta-model (cf. Figure 5-2) are also 

decisive for implementing the metrics later on, it is often the case that they can only be con-

cretized during the course of initial tests (e.g. validating individual data objects with specified 

validation rules). Two types of measuring technique can be distinguished: 

 

 Data user surveys. The quality of data can be evaluated by the people who use it in in-

terviews or surveys [Lee et al. 2002, Price et al. 2008]. An interview guideline or a 

questionnaire is therefore a possible measuring technique that is to be selected in par-

ticular when the identified data defects have to be assigned to DQ dimensions such as 

objectivity, believability or ease of understanding which are (subjectively according to 

PRICE ET AL. [2005]) difficult to interpret in technical terms. 

 Validation by means of rules. The quality of a data object can be measured by ex-

amining specific characteristics of the data elements or attributes [Loshin 2001, Olson 

2003, Fan et al. 2008]. If a data object shows all the required characteristics, its quali-

ty is 100%. Data characteristics (e.g. last time a data element was modified, com-

pleteness of a data element) can be formulated as rules and validated automatically. 

Validation rules of this kind for verifying the characteristics required for a data object 

(in a given context) are therefore a possible measuring technique. 

 

Both techniques are fundamentally suitable for checking data for possible defects. However, 

since interviews or surveys tie up resources for each measurement (e.g. for the consultation) 

and consequently cannot be conducted frequently, the presented method focuses on using 

validation rules as the preferred technique for measuring data quality. Several authors [Lee et 
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al. 2002, Price et al. 2008] provide guiding questions as preparation for interviews and sur-

veys. 

 

The technique specification of validation rules supports the corporate data steward with the 

formulation of validation rules. If the information collected in Activity I.3 is not sufficient, 

he/she can also use the Technique interview/workshop e.g. to conduct interviews with data 

stewards in order to limit the data to be validated more precisely, to check the availability of 

data elements and metadata (e.g. time when an attribute was last changed) at the possible 

measuring points, or to obtain data models for exact designations of attributes. As the way of 

applying the technique interview/workshop is heavily dependent on the result of Activity I.3, 

the method does not provide further assistance here in the form of guiding questions or spe-

cific documentation templates. The corporate data steward can nonetheless use the documen-

tation templates in Appendix E.5 as a guide and check what information is already available 

and what is not. 

 

In order to be able to make statements on data quality with business relevance (e.g. “the qual-

ity of data required for letters to customers is only 70%”), the corporate data steward should 

bundle specific validation rules and consolidate the verification of individual rules into one 

metric value (cf. technique specification of calculation formulas, section 5.2.5.2). 

 

Analysis of the identified causal chains at Consumer Goods Inc. resulted in 32 

validation rules for 7 problem areas (e.g. dangerous goods indicators, quality of 

bills of materials, customs information). For each problem area, a calculation 

formula (same calculation pattern for all metrics) aggregates the results obtained 

with the assigned validation rules into one metric value. 

 

To prevent the metrics system from becoming too complex (i.e. not adding still more calcula-

tion layers), it is useful to formulate exactly one calculation formula per data quality metric 
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and to use the same pattern for all calculation formulas (cf. section 5.2.5.2). This will also 

mean that all metrics use the same scale and unit of measure. Appendix E.5 provides docu-

mentation templates for specifying validation rules and aggregating the rules into one calcula-

tion formula to help the corporate data steward. 

 

5.2.5.1 Technique specification of validation rules 

This technique assists the corporate data steward with the specification of validation rules as 

measuring technique for DQ metrics and uses the result documents produced in Activity I.3. 

The goal is to specify one or more validation rules for each business-critical data defect iden-

tified in Activity I.3. 

 
for each data object d in database 

 

    // Beispiele für Wertprüfungen 

    if d.Attribute == NULL         : return 0 

    if d.Attribute  < 42           : return 0 

    if d.Attribute != ‘foo’        : return 0 

    if !List.Contains(d.Attribute) : return 0 

 

    // Beispiele für Wertvergleiche 

    if d.Attrubute1      != d.Attribute2 : return 0 

    if d.Attribute1       < d.Attribute2 : return 0 

    if d.Attribute1 + 42 != d.Attribute2 : return 0 

 

    // Beispiele für metadataprüfung and -vergleich 

    if d.Attribute.Type != ‘numeric’          : return 0 

    if d.Attribute.LastChange > Now – 2 weeks : return 0 

    if d.Attribute.NumberOfChages > 42        : return 0 

    if d.Attribute1.Type != d.Attribute2.Type : return 0 

 

    return 1 // data object ist korrekt 

 

end for 

Figure 5-8: Validation Rule Patterns with Examples 

 

A data defect is a characteristic of an attribute or data element which does not meet the (con-

text-specific) requirements specified for the associated data object type. A missing data ele-

ment of an attribute for representing a customer‟s first name, for example, is a data defect if 

customers are to receive personally addressed letters in a process activity. When compiling an 
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invoice, the first name is not necessary (unlike when sending out an invoice) and therefore 

the absence of this data element is not a data defect. 

 

Validation rules can uncover data defects by successively evaluating the data objects (e.g. 

customer data). In concrete terms, a validation rule examines whether an attribute or data 

element possesses a specific characteristic. The rules therefore serve the purpose of validating 

data – if no representative data defect is found in a data object by means of the validation 

rules, the data object is considered to be correct (cf. differentiation in section 5.2.5.2). Based 

on literature research (cf. section 3) and project experience (cf. examples), the following vali-

dation rule patterns can be distinguished. Figure 5-9 shows examples of rules for the three 

validation rule patterns in a pseudocode notation. 

 

 Data element validation. The rule checks whether a data element is present or whether 

a data element lies within the required domain (e.g. set of predefined data elements, 

range of numerical values). 

 Value comparison. The rule checks whether the data elements of two or more 

attributes are equal, or whether the distance between them lies within a specific toler-

ance. 

 Metadata validation and comparison. The rule determines the metadata of an attribute 

and performs a data element validation or a value comparison for this metadata. 

 

Appendix D contains various examples of validation rules and can help the corporate data 

steward with specification. Appendix E.5 also provides a documentation template which con-

tains a simple pattern for documenting attributes to be validated and compared (cf. Figure 

5-9). 

 

The corporate data steward can use this template in interviews (cf. section 5.2.1.2) with the 

data stewards who are responsible for the data object type being focused on so that discussed 
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data defects can be directly documented in a structure resembling the verification and com-

parison logic of the validation rules. Another documentation template from Appendix E.5 

supports the assignment of validation rules to DQ metrics, which has already been implicitly 

prescribed by the causal chains identified in Activity I.3, but should nonetheless still be ex-

plicitly documented after specifying the validation rules. 

 

 

Figure 5-9: Assignment of Validation Rules (VR) to DQ Metrics 

 

5.2.5.2 Technique specification of calculation formulas 

When data objects are verified by means of validation rules, a calculation formula links the 

results of individual validation rules to a metric value. As already mentioned above, it is ad-

visable to use precisely one calculation formula per metric. In this case, the calculation for-

mula of the DQ metric calculates the value of the metric on the basis of the results of valida-

tion rules which are assigned to that metric. 

 

As a fundamental principle, the calculation formula should be readily comprehensible in or-

der to secure the acceptance of newly specified DQ metrics. Depending on subsequent appli-

Data Quality Metric Accuracy Consistency Completeness Number of Rules

Business Partner VR03, VR06 VR07
VR01, VR02, VR04, 

VR05
7 Rules

Contract VR08 — — 1 Rules

Contract Account VR10 VR09, VR11 — 3 Rules

New Customer (move in) VR03, VR06 VR07
VR01, VR02, VR04,

VR05
7 Rules

Accounting VR08, VR10 VR07 — 3 Rules

Postal Marketing Campaign VR03, VR06 —
VR01, VR02, VR04, 

VR05
6 Rules

Payment — VR11 — 1 Rules

Maintenance (Customer 

Information)
VR03, VR06 VR07

VR01, VR02, VR04, 

VR05
7 Rules

Invoicing VR03, VR06 VR09
VR01, VR02, VR04, 

VR05
7 Rules

Customer Magazine Delivery VR03, VR06 VR07
VR01, VR02, VR04, 

VR05
7 Rules

DQ Index VR03, VR06, VR08, VR10 VR07, VR09, VR11
VR01, VR02, VR04, 

VR05
11 Rules

Legend:

VR01: Salutation role person (completeness)

VR02: Salutation role organization (completeness)

VR03: Salutation (accuracy)

VR08: Reason for accounting blocking (accuracy)

VR09: Invoice / dunning recipient (consistency)

VR10: Invoice form (accuracy)

VR11: Payment method (in and out, consistency)

VR04: Name (completeness)

VR05: Address (completeness)

VR06: Address (accuracy, duplicates)

VR07: Language (consistency)
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cations (e.g. use in target agreements), however, metrics values should also make the impacts 

of performed initiatives visible and comparable over long periods of time. To ensure that the 

metrics are readily understood, clear statements should be possible such as “a data object is 

correct if it has no known defects”. 

 

The following proposals for calculation formulas assume that a data quality metric m  is as-

signed to a specific number of validation rules 
m

r R , whereby the individual subsets 

1 2

, , ,
nm m m

R R R  of the set of all rules R  must not be disjoint (multiple assignments can be 

useful: Complete address data, for example, may be required both for sending invoices (me-

tric 1) and for specific marketing initiatives (metric 2)). Furthermore, the following validation 

rule pattern is assumed (cf. Figure 5-8). 

 

   0, if  has the defect represented by .
1, if  has not the defect represented by .

d r
r d

d r
  (4–1) 

 

A simple possibility for calculating a value of the metric m  to measure the quality of the 

data objects D  (e.g. a company‟s customer data) is the ratio of the number of defective data 

objects 
defect

D  to the total number of data objects D . If this value is subtracted from 1, the 

proportion of correct data objects is obtained, i.e. a value that can be interpreted as data qual-

ity  m D with  0 1m D   on a ratio scale. If, for example, 58 of 100 validated customer 

data objects are defective, the statement “the data quality of customer data is 42%” would be 

possible with this calculation formula. 

 

   defect
1

D
m D

D
   (4–2) 

 

With this simple calculation formula, it is decisive to define the circumstances under which a 

data object is correct. A simple and readily understandable definition is that a data object is 
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correct from the viewpoint of a DQ metric m precisely if it has no known data defect, i.e. if 

no validation rule 
m

r R  finds a defect when validating the data object d . 

 

   correct
1

m
D d D r d r R      (4–3) 

 

Power Inc. decided that a data object should only be defined as correct if it has 

no known data defect. This decision was motivated in particular by the clarity of 

the definition and the fact that it was therefore simple to communicate. In order 

to be able to nonetheless prove impacts of DQM initiatives that are not visible in 

DQ measurements due to this restrictive definition, metrics values of validation 

rules, and not just the aggregated values of metrics, should be stored and visua-

lized. 

 

The risk of the outlined restrictive definition is that impacts of DQM initiatives (e.g. the eli-

mination of duplicates) will not become visible in the sequence of values of a DQ metric 

since defects that are yet to be eliminated will hide the effect. A threshold value s  for the 

proportion of tolerated data defects in the definition of correct data objects can increase the 

sensitivity of the DQ metric. 

 

 
 

1

correct

m
R

ii

m

r d
D d D s

R



 
 

   
 
 


 (4–4) 

 

Another problem with the calculation formulas described thus far is the fact that all validation 

rules assigned to a DQ metric m  are verified for all data objects of the data object type D . 

While a general limitation of the data object type is possible (e.g. only active data objects or 

only data objects of products sold in Europe), it is not possible to differentiate the data ob-

jects to be validated (i.e. assign specific data objects 
i

j r
d D  to specific validation rules 
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i m
r R ). The following calculation formula contains a differentiation of this kind, but at the 

expense of a more complex calculation formula that is consequently more difficult to com-

municate. 

 

  

 
1

1

1

ri

m

i

D

i jR j

i

r

m

r d

D

m D
R





 
 
 
 
  




 (4–5) 

 

In the case of Consumer Goods Inc., the identified data defects mostly relate to 

very specific problems which can only occur in a small number of data objects. 

Thus, for example, missing dangerous goods indicators were identified as a busi-

ness problem, but only for small series produced especially for marketing pur-

poses. Customs data (e.g. country of production) that is not available on time also 

leads to business problems, but only in the case of data objects relating to prod-

ucts that are transported across certain national borders. However, as verifica-

tion of the specified validation rules for all data objects would lead to very low 

error rates (>99% data quality), Consumer Goods Inc. decided to specify the da-

ta objects to be validated as precisely as possible for each validation rule. 

 

Weighting factors 0i   also enable the influence of individual rules 
ir  on the calculated 

metric value to be controlled (e.g. a rule for validating dangerous goods indicators could be 

given a higher weighting than a rule for validating the correct product classification). At the 

same time, however, it is important that all weighting factors should always be compared 

with each other and the intended impacts (e.g. “
1r  is twice as important as 

2r ”) documented 

for subsequent changes. 
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  

 
1

1

1

1

ri

m

i

m

D

i i jR j

i

r

R

ii

r d

D

m D











 
 
 
 
  





 (4–6) 

 

5.2.5.3 Application of the technique data quality simulation in Activity II.2 

The simulation of various calculation options, particularly the selection of weighting factors 

and threshold values, can help with the selection and configuration of the calculation formula. 

 

Power Inc. simulated DQ measurements with different calculation formulas to il-

lustrate the configuration of the selected formula. The result of validating 100 da-

ta objects using 11 validation rules and the values of 10 DQ metrics calculated 

on this basis were simulated. The employed calculation formula is based on the 

formulas (4–2) and (4–4). Figure 5-10 shows simulated values for two metrics, 

with a threshold value of 0% (green) and 35% (blue) in each case. 

 

  

Figure 5-10: DQ Measurement with Different Calculation Formulas 
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5.2.6 Check the fulfillment of requirements 

Activity III.1 checks whether the requirements defined in Activity II.1 to be met by the DQ 

metrics specified in Activity II.2 are fulfilled (cf. Table 5-7). If high-priority requirements are 

not fulfilled, the requirements, their prioritization and the metrics specifications have to be 

reviewed and adapted (i.e. return to Activity II.1). As outlined in section 5.2.4 for Activity 

II.1, the corporate data steward should hold a workshop and jointly check with the data ste-

wards whether requirements are fulfilled (cf. section 5.2.1.2). The documentation template 

from Appendix E.6 supports this activity. 

 

Activity III.1: Check the fulfillment of requirements  
The goal is to check whether the requirements defined in Activity II.1 are fulfilled. If high-priority requirements 

are not fulfilled, the requirements, their prioritization and the metrics specifications have to be reviewed and 

adapted (i.e. return to Activity II.1). 

Result document 
List of evaluated requirements 

Roles 

 Business data steward  

 Corporate data steward 

 Technical data steward  

Techniques 

 Interview/workshop 

Checklist 
 All high-priority requirements have been fulfilled. 

 For all unfulfilled requirements, a reason has been stated for each metric that does not fulfill the requirement. 

Table 5-7: Method Fragment for Activity III.1 

5.2.7 Document specification  

Activity III.2 is the last activity of the procedure model and therefore delivers the result of 

applying the method. The goal of this activity is to document the specifications of the DQ 

metrics as an implementable business concept, i.e. in the form of a document on the basis of 

which the specified measuring techniques and scales can be implemented (cf. Table 5-8). 
 

Activity III.2: Document specification  
The goal is to document the specifications of the DQ metrics as an implementable business concept, i.e. in the 

form of a document on the basis of which the specified measuring techniques and scales can be implemented. 

Result document 
Business concept for implementing 

DQ metrics 

Roles 

 Sponsor 

 Corporate data steward 

Techniques 

 Documentation 

 Data quality simulation 

Checklist 
 All specified DQ metrics have been documented, i.e. in particular measuring techniques and scale for each 

metric. 

 A causal chain has been documented for each DQ metric, i.e. the impact of the data defects it monitors. 

Table 5-8: Method Fragment for Activity III.2 
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Activity III.2 (and with it the entire method) concludes with the release of the documented 

metrics specification (if necessary, after adjustments) by the sponsor. 

 

5.2.7.1 Technique documentation 

As companies usually use templates that have been agreed with their IT department or exter-

nal IT providers for business concepts, Appendix E.7 only contains a generic structure for a 

business concept with notes on using the result documents produced during the course of ap-

plying the method. 

 

Using the technique data quality simulation makes it possible to illustrate the elements identi-

fied and specified (causal chains, validation rules, calculation formulas, etc.). Modeling vari-

ous scenarios and causal chains is useful, particularly for consultation with the sponsor. 

 

Telephone Inc. identified six business problems (errors in the availability check) 

and specified nine validation rules as the measuring technique for a DQ metric. 

On the basis of error reports it is possible to estimate the probability of individu-

al defects occurring. Figure 5-11, Figure 5-12 and Figure 5-13 show a simula-

tion of the data defects, the business problems caused as a result and the se-

quence of values of the DQ metric. Pairwise disjoint validation rules are formu-

lated for monitoring the data defects. This means that if a data defect occurs, it is 

bound to cause an error in the availability check and no inconsistency is moni-

tored by more than one data defect.  

 

 Defect 1 Defect 2 Defect 3 Defect 4 Defect 5 Defect 6 Defect 7 Defect 8 Defect 9 

Risk 953, 61 734, 50 1146, 127 1028, 37 428, 35 643, 71 495, 84 761, 129 369, 62 

Effect Error 1 Error 1 Error 2 Error 3 Error 3 Error 4 Error 5 Error 5 Error 6 

Table 5-9: Parameters (Mean, Variance) of Normally Distributed Defect Frequencies 
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Figure 5-11: Simulation of Data Defects 

 

 

Figure 5-12: Business Problems Caused by Data Defects  

 

 

Figure 5-13: Monitoring of Data Defects with a DQ Metric 
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6 Method Evaluation 

On February 9, 2010, eleven business experts from ten companies discussed the method and 

evaluated its benefits in a 90-minute focus group interview as part of a two-day workshop 

conducted by the CC CDQ. Appendix F gives the participants (see Table F-1) and the guiding 

questions (see Table F-2) for the focus group interviews. The guiding questions for evaluat-

ing the business value are based on the guidelines for orderly modeling [Schütte/Rotthowe 

1998] and evaluation criteria for reference models [Frank 2007]. 

All the business experts confirmed the necessity for DQ measurements and also for methodo-

logical support when designing company-specific DQ metrics (cf. Table 6-1). The alignment 

of DQ metrics with strategic corporate objectives was also confirmed as a major design goal. 

 

Relevance Perspective 

 DQ measurements are important in order to replace reactive DQM by the preventive identification of criti-

cal data defects. 

 The method helps to reduce the complexity of specifying DQ metrics for monitoring business-critical data 

defects. 

 With the specification of business-oriented DQ metrics, the method addresses an important task, but does 

not adequately consider dynamic process changes which cause the identified causal chains to “age”. 

 The consideration of causal chains between data defects and the performance of business processes is a 

success factor for the implementation of effective DQ metrics. 

Table 6-1: Evaluations of Business Experts for the Relevance Perspective 

 

In view of the high relevance of DQ measurements, the requirement for a meticulous cost-

benefit analysis for the specification and implementation of DQ metrics was ranked as low by 

some business experts (cf. Table 6-2). During the discussion, interviewees from companies 

which operate in heavily regulated markets (e.g. the pharmaceutical and chemical industries) 

in particular described data defects that can lead directly to infringements of legal require-

ments (e.g. the declaration of harmful substance content in plant protection products or shelf-

life information). For the specification of DQ metrics for monitoring data defects of this kind, 

the business experts consider a cost-benefit analysis to be superfluous as monitoring is a legal 

requirement for the companies concerned. Other business experts confirmed the necessity for 

cost-benefit analyses and pointed out the possibility of embedding the specification of DQ 
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metrics in other projects. A company in the chemical industry, for example, specified valida-

tion rules during the course of purchasing process harmonization [Ebner et al. 2011]. 

 

Economic Perspective 

 A cost-benefit analysis is only necessary for less critical data defects. Compliance with legal requirements, 

for example, must be monitored. 

 Validation rules for monitoring data defects can be a by-product of completed or planned projects (e.g. 

harmonization of business processes, implementation of a new ERP system). The identification of such 

projects can reduce the anticipated effort required for the specification and implementation of DQ metrics. 

Table 6-2: Evaluations of Business Experts for the Economic Perspective 

 

The complexity of the method was ranked as critical by some business experts as they feared 

a high requirement for explanations when carrying out the individual activities (cf. Table 

6-3). However, no superfluous or redundant elements were identified in a discussion on com-

plexity. Other business experts, on the other hand, took a positive view of the communication 

required between different roles within the company when applying the method as this raises 

the fundamental awareness for data quality. 

 

Deployment Perspective 

 Monitoring the work performed by individual employees, i.e. the data quality resulting from data input and 

data maintenance processes, is always a delicate issue. In order to win the support of the employees in-

volved, the goal of DQ measurements needs to be explained and illustrated in a readily understandable 

manner in interviews and workshops. 

 The process of identifying business-critical data defects raises the awareness for and the attention to data 

quality, and helps to explain the importance of data quality for the company‟s success. 

 The method would be more comprehensible with fewer components and more examples. 

 In order to raise problem awareness in the context of data defects, the results of DQ measurements should 

be reported to the employees who input data.  

Table 6-3: Evaluations of Business Experts for the Deployment Perspective 

 

While the engineering perspective was also a controversial issue in the discussion, the busi-

ness experts were unable to identify any concrete requirements for modification (cf. Table 

6-4). A data customer/supplier perspective was proposed as a concrete addition to support the 

identification of causal chains. Representatives of both sides should discuss the causes and 

effects of data defects in workshops to identify causal chains so that preventive initiatives as 

well as causal chains can be identified. Furthermore, some business experts suggested that 
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validation rules for general requirements (e.g. for monitoring legal compliance) should be 

provided in order to speed up the specification process.  

 

Engineering Perspective 

 Business problems are a good starting point for identifying critical data defects. 

 There are too many roles; four roles should be sufficient. 

 A collection of general DQ metrics, e.g. for monitoring compliance with legal requirements, would be de-

sirable. 

 The roles should include a data customer and a data supplier perspective. 

 The method should also include the definition of reporting channels for the results of DQ measurements. 

 Monocausal relationships between one business problem and one data defect (which only relates to one DQ 

dimension) might not be sufficient for modeling real problems. Business-critical causal chains can be more 

complex. 

Table 6-4: Evaluations of Business Experts for the Engineering Perspective 

 

The business experts did not discuss the epistemological perspective of the method (cf. Ap-

pendix F, Table F-2) as the quality of the design process did not affect their overall evalua-

tion of the method. In the view of the focus group, further examples of DQ metrics and their 

implementation would more useful than the explanation of design decisions. 

 

Overall, the focus group confirmed the need for business-oriented DQ metrics and for metho-

dological support for their specification. While the method itself was seen as complex and 

requiring explanation, it was nonetheless considered to be fit for purpose and useful. A need 

for extension was identified in particular with regard to collecting examples of causal chains 

(cf. Appendix B.1) and validation rules (cf. Appendix D). 
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7 Conclusions and Further Research Requirements 

This paper describes a method for identifying business-critical data defects and for specifying 

DQ metrics for monitoring the identified data defects. As measuring technique, the method 

proposes validation rules which can be used by a measuring system to verify characteristics 

of data elements and to identify data defects. The DQ metrics specified by the method appli-

cation enable an objective evaluation of the quality of selected data elements and consequent-

ly comparable DQ measurements. 

 

The method is a complex artifact whose application involves effort. In individual cases, 

therefore, it is important to weigh up which method elements actually produce business bene-

fits. Thus, for example, it is not absolutely necessary to create all result documents or to de-

fine requirements for data quality metrics and verify their fulfillment with each application of 

the method. The method elements are instead to be seen as a structured collection of instruc-

tions and techniques which the corporate data steward can adapt in line with company-

specific requirements. At the same time, however, the method sets forth a meaningful struc-

ture for the elements which should only be changed for good reason. 

 

Further research is required in particular with regard to extending the collection of causal 

chains and validation rules. Application of the method in more cases will deliver the neces-

sary results for this purpose as well as for evaluating the method itself. The specification of 

validation rules for general (i.e. not company-specific) data quality requirements (e.g. for 

legal requirements, cf. section 1) will enable the same DQ metrics to be used in different 

companies. This will make it possible to compare the DQ measurements of different compa-

nies and to identify successful DQM structures and initiatives. Moreover, the effort required 

for the specification of DQ metrics for individual companies will be reduced.  
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Appendix A Entity Types of the Method’s Meta-model  

Table A-1 describes the entity types of the method‟s meta-model (cf. section 5.1) and its rela-

tionships to entity types of the of the BE core meta-model (cf. section 2.1) as specified by 

HÖNING [2009]. 

 

Meta-Entity 
Type 

Description 

Data Object 
Attribute 
(short form: 
Attribute) 

A data object attribute (short form: attribute) is the type of a data element. Data object 

attributes correspond to attributes in relational data models. Atomic values are assigned to 

atomic data object attributes when instantiated [Schmidt 2010]. 

 

Relationships 
Data elements can be instantiated from a data object attribute. 

A data object attribute is an integral part of a data object type. 

Data Object A data object is a set of several data elements which together form the instance of the respec-

tive data object type [Schmidt 2010]. 

 

Relationships 
A data object consists of several data elements. 

Data objects can be hierarchically structured. 

A data object represents a business object on the system layer. 

A data object is an instance of a data object type. 

Data Object 
Type 

A data object type describes a data object, e.g. on the basis of its range of values or its classi-

fication. It unites a set of related data object attributes which can be used to describe data 

objects (level of instances) abstractly (e.g. in a model) [Schmidt 2010]. 

 

Relationships 
Data objects can be instantiated from a data object type. 

A data object type consists of several data object attributes. 

A data object type realizes exactly one business object type by selecting specific object char-

acteristics and mapping them onto data object attributes. 

Data object types can be hierarchically structured. 

Data Quality Data quality is a phenomenon perceived by a user of data elements. Data quality assesses the 

extent to which data elements meet the requirements of a data user [Wang/Strong 1996]. A 

data user can have different requirements of a (same) data element when performing different 

activities (i.e. context dependency of data quality). 

 

Relationships 
Data quality is a constituent part of process performance and is produced by support 

processes (e.g. data management, data quality management processes). 

Data Quality 
Dimension 

DQ dimensions represent specific aspects (e.g. believability, completeness, timeliness) of the 

phenomenon data quality [Wang/Strong 1996]. 

 

Relationships 
A DQ dimension is a special success factor. 

DQ dimensions conceptualize the phenomenon data quality. 

DQ dimensions can be hierarchically structured. 

Data Quality A DQ metric is a quantitative measure of data quality. A metrics system measures a metric 
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Meta-Entity 
Type 

Description 

Metric by applying a measuring technique (e.g. verifying data elements with validation rules) at a 

measuring point (e.g. a database) at a point in time defined by a measuring frequency, the 

mapping of the measurement onto a measuring scale and the assignment of a unit of measure 

[IEEE 1998, DIN/EN/ISO 2000, Batini/Scannapieco 2006]. 

 

Relationships 
DQ metrics operationalize DQ dimensions. 

DQ metrics can be hierarchically structured. 

DQM  
Initiative 

A preventive DQM initiative (e.g. specification and use of DQ metrics) reduces the risk of 

data defects (reduction in the probability and/or the impact of a data defect). A reactive DQM 

initiative (e.g. duplicate elimination) removes data defects after they have occurred [Otto et 

al. 2010]. 

 

Relationships 
DQM initiatives can be hierarchically structured. 

Business 
Object 
Attribute 

A business object attribute (e.g. age, weight) denotes common characteristics of business 

object types. Business object attributes are characterized by attribute types and multiplicities 

[Schmidt 2010]. 

 

Relationships 
A business object attribute is an integral part of a business object type. 

Business 
Object Type  

Business object types (e.g. customers, products) unite a set of related business object 

attributes which can be used to describe real-world business objects (level of instances) ab-

stractly (e.g. in a model) [Schmidt 2010]. 

 

Relationships 
A business object type is a collection of metadata forming a business object (instance). 

Several business objects can be instantiated from one business object type. 

A business object type consists of several business object attributes. 

A business object type is realized by exactly one data object type. 

Metadata Metadata is defined as data elements that describe the meaning as well as the business and 

technical characteristics of other data [Schmidt 2010]. Technical metadata (e.g. data types, 

field lengths, value ranges) specifies data objects (and their attributes) of an IS. Business 

metadata (e.g. responsibility for maintenance, correct process of data creation) describes the 

use of business objects (or the data objects representing them) in activities of an enterprise‟s 

organization structure. 

 

Relationships 
Metadata consists of special data elements. 

Metadata describes data object types. 

Metadata describes business object types. 

Master Data 
Class 

A master data class groups together master data objects of the same type (e.g. customer data, 

product data). 

 

Relationships 
A master data class is a special data object type. 

Master data classes can be hierarchically structured. 

Master Data 
Object 

A master data object is a special data object whose data elements change less frequently in 

comparison with other data objects (e.g. transaction data objects) [Schmidt 2010]. 

 

Relationships 
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Meta-Entity 
Type 

Description 

A master data object is a special data object. 

Table A-1: Definition of Meta-Entity Types of the Method 
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Appendix B Identification of Causal Chains 

B.1 Examples of Causal chains 

Table B-1 shows causal chains identified in case studies and focus group interviews. In each 

case, the context of a causal chain not only states the strategic objective, but also briefly de-

scribes the enterprise and the scope. 

 

Causal 
Chain 

Description 

Fastening Technology / Customer Data 

Context The company primarily sells its products directly to its customers (e.g. building contractors, 

tradesmen). This gives the company a good insight into current customer needs and consequent-

ly enables a customer-oriented innovation process. Equally, however, it calls for a flexible sales 

organization with a good global network as customer support can cover fewer customers than in 

the case of alternative distribution channels. 

The company‟s strategic objectives are therefore high customer satisfaction and a high level of 

trust in the services and products offered (achieved through consistency as far as possible in the 

allocation of customers and sales staff) and an efficient sales organization (i.e. good support for 

as many customers as possible by one sales staff member). 

Business 
Problem 

Alongside general business problems such as errors when compiling invoices, invoices sent to 

the wrong address or incorrectly planned central marketing initiatives, defects in customer data 

lead to special problems in direct selling. Defects in customer classification, for example, can 

mean that a customer is not actually offered products which would be of interest as the (perhaps 

new) member of the sales team is not fully aware of the customer‟s requirements. Moreover, 

defects in address and communication data have a direct impact on the (important – see above) 

effectiveness of a salesperson as he or she cannot optimally plan the selling route and first has to 

research the correct data. 

Data 
Defect 

Missing, inaccurate or outdated customer data and customer classification (i.e. assignment of 

customers to product groups which are potentially of interest). 

Chemical Industry / Material Data 

Context The corporation has consolidated systems from companies in over 120 countries into three re-

gional ERP systems. An ongoing project is aimed at consolidating the three regional systems 

into one globally utilized ERP system. A central master data server distributes customer, suppli-

er and material data to the regional systems and in future will distribute this data to the central 

ERP system. 

One of the corporation‟s strategic objectives is to consolidate material requirements on a group-

wide basis so that better purchasing conditions can be negotiated by a central procurement de-

partment. 

Business 
Problem 

In production planning, defects in the product hierarchy are preventing the correct consolidation 

of requirements and consequently optimal requirements planning. When it comes to reporting, it 

is not possible to correctly assign the sales figures to the products and to the business units re-

sponsible. 

Data 
Defect 

Incorrect or incomplete classification of products with the product hierarchy (grouping of prod-

ucts in a tree structure), inconsistent classification of packed and unpacked materials. 
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Causal 
Chain 

Description 

Power Supply / Customer Data 

Context Power Inc., see Table 5-1. 

One of the corporation‟s strategic objectives is to achieve high customer satisfaction so that 

customers are not lost to competitors (increased competition due to liberalization of the energy 

market). 

Business 
Problem 

Missing titles lead to incomplete letters, e.g. invoices or marketing information. Furthermore, 

complete titles are necessary so that personalized forms of address can be used (e.g. for wel-

come letters, requests from marketing). 

Data 
Defect 

Missing titles. 

Business 
Problem 

Billing blocks halt the dispatch of invoices among others if, for example, a recipient has gone 

abroad for a long period. However, billing blocks should not be set for too long without good 

reason as they slow up the billing process and cause additional costs. 

Data 
Defect 

Outdated billing blocks. 

Business 
Problem 

Invoices and reminders are sent to the wrong people. If customers want different addressees, 

this is explicitly noted in a check table. 

Data 
Defect 

Inconsistent address data for recipients of reminders and invoices. 

Business 
Problem 

An incorrect data element leads to the use of the wrong invoice forms and consequently to in-

correct invoice printouts. 

Data 
Defect 

Incorrect data elements for invoice form selection (business and residential customers). 

Business 
Problem 

Customers receive a bill despite the fact that they have already stated direct debit (several times) 

as their chosen method of payment. 

Data 
Defect 

Outdated method of payment. If a customer reports that he/she is moving, i.e. his/her address is 

changing, the customer is retained as data object (business partner), but a new data object is 

created for billing data (contract account). In individual cases, the customer‟s chosen method of 

payment (e.g. direct debit, bill) is not transferred from the old contract account. 

Consumer Goods Industry / Product Data 

Context Consumer Goods Inc., see  

The corporation‟s strategic objectives are compliance with legal requirements, cost reduction 

and a high service level. 

Business 
Problem 

Defects in logistical data lead to additional effort and delays in logistics processes. For example, 

pallets weighing more than the maximum permitted weight for a warehouse cannot be placed in 

storage. This may require the pallets to be repacked, causing further delays and possibly incor-

rect deliveries. 

Data 
Defect 

Missing or inaccurate logistical product data (e.g. dimensions, weight, quantities). 

Business 
Problem 

Inconsistencies between the GTINs on products or logistical units (e.g. pallets) and the GTINs 

sent to a data pool lead to deliveries which cannot be handled smoothly by the customer. If 

inconsistencies are discovered prior to delivery of the goods, these lead to additional effort and 

possibly cost for the production of new artwork or new products. 

Data 
Defect 

Inconsistent GTINs. 
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Causal 
Chain 

Description 

Business 
Problem 

It is not possible to release a bill of material (BOM) until all the required items on the list have 

been stated. The delay in releasing a bill of material leads to a late production start and a failure 

to meet delivery dates. 

Data 
Defect 

Incomplete BOM items. 

Telecommunications Industry / Network Infrastructure Data 

Context Telephone Inc., see Table 5-1. 

A strategic corporate objective is to win new customers. By using an availability check, poten-

tial new customers can find out if specific products are available at a specific address. 

Business 
Problem 

Defects in the network infrastructure data lead to incorrect answers to checks on whether specif-

ic products requiring the availability of broadband internet can be offered at a given address. 

False positive answers lead to customer dissatisfaction (ordered products are ultimately not 

available or not in an acceptable quality); false negative answers lead to lower sales revenues 

(products which are available are not actually offered). 

Data 
Defect 

Inconsistent network infrastructure data. Despite the fact that accuracy and completeness are 

actually the success factors for an error-free availability check, the complexity (scope, necessary 

level of detail) of the required documentation nonetheless makes the achievement of this goal 

unrealistic. 

Watch Movement Production / Product Data 

Context The company makes watch movements with a high proportion of manual production. In view of 

the high demand and limited production capacity, the company relies heavily on fast and, as far 

as possible, error-free production. 

The company‟s strategic objectives are therefore low variances in the start of production (key 

performance indicator for production planning), fast cycle times (time taken to produce a watch 

movement) and a low percentage of faulty movements (rejects). 

Business 
Problem 

If design drawings (exact specification of individual components of a watch movement) are 

missing at the start of production or if these are obviously outdated, they have to be requested 

from design engineers and retrospectively added to the bills of material by hand. This delays the 

start of production. Missing or outdated design drawings can also mean that drawings of similar 

products have to be used in production, which can lead to rejects. 

Data  
Defect 

Missing or outdated linkage of design drawings in bills of material. 

Supplier to the Automotive Industry / Material Data 

Context The company makes the same product parts at different plants on highly specialized production 

lines. Spare parts for these machines are usually expensive and have to be made to order, which 

means that production delays are possible. In view of the fact that there are similar production 

lines at various plants, it would in theory be possible to exchange stocked spare parts between 

plants. 

One of the company‟s strategic objectives is to enable spare parts for production lines to be 

exchanged between plants in order to cut the duration of maintenance work and reduce storage 

costs. 

Business 
Problem 

It is only possible to exchange suitable spare parts if these are correctly described and classified 

by technical data. Data defects lead to the identification of the wrong parts or to parts that are 

actually in stock not being found. 

Data 
Defect 

Missing or inaccurate technical data (e.g. dimensions, weight, classification, material) relating 

to spare parts for production lines. 

Table B-1: Examples of Causal Chains 
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B.2 Guiding Questions for Identifying Critical Data Defects 

The guiding questions given in Table B-2 support interviews for identifying business-critical 

data defects. They are structured according to the 15 DQ dimensions defined by 

WANG/STRONG [1996]. 

 

DQ Dimension Possible Data Defect Guiding Question 

Access Security Data elements for which change 

authorizations are supposed to have 

been given cannot be changed. 

Data elements for which no change 

authorizations are supposed to have 

been given can be changed. 

Does data exist which you would like to change 

and are in fact supposed to be able to change, but 

cannot? 

Is it possible to directly add or correct missing or 

wrong data? 

Do you make changes to data which you are not in 

fact supposed to be able to do? 

Does data exist which you need but have no access 

to? 

Accessibility Obtaining the necessary data ele-

ments takes too long because sys-

tem performance is inadequate or 

the route is too long. 

Is the required data obtainable via the intended 

route (e.g. application used, stipulated display 

screens)? 

Can the required data be obtained from other 

sources (e.g. internet, telephone, application not 

envisaged for the process activity)? How often is 

this necessary? 

Accuracy Input forms contain a lot of manda-

tory fields where dummy values 

(i.e. NULL values) have to be en-

tered due to a lack of knowledge 

about the effects. 

The available data elements are 

inadequate for distinguishing be-

tween two data objects without any 

doubt (duplicates). 

Different systems deliver different 

data elements for a specific set of 

facts (inconsistency). 

Does it often occur that data is wrong (e.g. address 

data, wrong telephone numbers)? How do you 

know that the data is wrong? 

Are there input forms which contain many fields 

which you should complete but are unable to (e.g. 

due to lack of time or due to uncertainty)? 

Does it happen that data appears several times over 

although it should only exist once in the system 

(e.g. different addresses for the same customer)? 

Do data inconsistencies exist between different 

systems? 

Appropriate 
Amount of Data 

There are so many data elements 

that an employee has great difficul-

ty finding the relevant data ele-

ments. 

It is necessary to obtain the neces-

sary data elements via various 

routes (e.g. systems, screen forms, 

documents) in order to complete a 

single work step. 

It is not possible to enter all the 

necessary data elements, so e.g. 

user-defined text fields have to be 

(mis)used for this purpose. 

Are there input forms or reports which contain 

such extensive data that you have trouble finding 

the relevant data? 

Are there work steps where you have to obtain or 

link data from several applications? 

Do you find that in specific work steps the input 

fields for data required for processing are missing? 

If so: Where exactly do you enter that data? 

Are there input forms where you have to enter a lot 

of information which does not seem to be relevant 

for the business transaction? How do you deal 

with this? 

Believability As data elements are wrong or 

inadequate in many cases, poor data 

quality is assumed from the outset. 

Do you assume available data to be correct, or do 

you assume from the outset that it will contain 

errors? 
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DQ Dimension Possible Data Defect Guiding Question 

For that reason, data elements are 

requested which are in fact present. 

Is specific data validated once again with other 

data (e.g. checking back with customers or re-

search in alternative databases)? 

Which data does not seem believable to you? What 

makes you think that? 

Completeness The available data elements are 

inadequate for completing a specif-

ic work step. It is not possible to 

obtain the missing data through 

other sources (e.g. telephone, other 

software). 

Data elements are missing. 

Are data elements which should be present in 

specific screen forms or forms but are actually 

missing? 

Are there data elements which are shown in a way 

that is not easy to understand or are too severely 

abbreviated? 

Concise  
Representation 

The representation of data elements 

is not helpful for processing a spe-

cific task and could be more pre-

cise. 

Are there cases where you are offered data ele-

ments that you first have to think about for a long 

time before you understand them syntactically, or 

where you have to use additional sources of infor-

mation? 

Ease of  
Understanding 

Data elements are readable (i.e. 

their meaning is intrinsically clear), 

but it is unclear how they are to be 

used or why they are offered. 

Is there data which you understand syntactically 

but are unclear about its meaning and/or impact? 

Interpretability Data elements are not understanda-

ble due to an unknown language or 

incorrectly used coding. 

Is there data which is shown in what for you is a 

foreign language? 

Is there data which shows symbols (e.g. “$%§?#”) 

where this should not be the case? 

Are there fields which show incomprehensible 

values (“gibberish”)? 

Objectivity Data elements deliver the opinion 

or appraisal of individuals and not 

objective information. 

Do you doubt the correctness of data because you 

suspect a subjective opinion or appraisal, but ac-

tually expect objective information? 

Relevancy So many data elements are offered 

for a business transaction that se-

lecting the data elements required 

for the business transaction in-

volves considerable effort. 

Are you “swamped” with data, i.e. do you find it 

difficult to select the data required to process a 

task? 

Representation-
al Consistency 

No uniform data format, e.g. of 

address data in different applica-

tions. This can lead to misunder-

standings or technical problems 

with data exchange. 

Different systems access different 

databases and provide different 

representations of data elements in 

the same context. 

In some cases, data elements have 

not been entered in the envisaged 

input fields and are therefore shown 

in the wrong place. 

Is there data which is entered or shown differently 

in different applications?  

Are there cases where different data is shown in 

respect of one customer in different systems? 

Are there screen forms which show information 

“the wrong way round” (e.g. surname in the field 

for first name)? 

Reputation Available data (i.e. the application 

or department that delivers the data) 

is not trusted. 

Do you doubt the correctness of data because of its 

origin? 

Do you regularly crosscheck specific data against 
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DQ Dimension Possible Data Defect Guiding Question 

comparable information from other applications or 

departments? 

Timeliness Data elements are outdated despite 

the fact that more current data ele-

ments are available or have actually 

been entered. 

Reworking or storing data elements 

takes so long that the impression 

arises that the input has not yet 

taken place. For that reason, data is 

entered several times (possible 

cause of duplicates). 

Is input data available or updated on time for sub-

sequent tasks? 

Are there cases where repeated entries are made as 

it is only visible after a delay, if at all, that these 

have actually been performed? 

Value Added Despite being correct, data ele-

ments are not helpful for processing 

the respective task. 

Is there data which you understand but which does 

not help you when processing the respective task? 

Table B-2: Guiding Questions for Identifying Critical Data Defects 
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Appendix C Requirements to be met by DQ metrics 

The requirements to be met by DQ metrics described in Table C-3 were identified in a focus 

group interview (June 11, 2008, 90 minutes, 18 participants from 10 different companies). 

 

Requirement Description 

Cost / Benefit The ratio of the costs required to define and measure the values of a DQ metric to the 

benefit obtained (controlled error potential) should be positive (< 1). 

Definition of  
Measuring 
Frequency 

For each DQ metric, the times at which values are to be measured should be defined. 

Definition of  
Measuring Point 

For each DQ metric, the point at which values are to be measured (e.g. database, 

process, department) should be defined. 

Definition of 
Measuring  
Technique 

For each DQ metric, the tool (e.g. questionnaire, software) to be used to measure its 

value should be defined. 

Definition of Scale For each DQ metric, a scale (e.g. percent, grades, time) should be defined. 

Limitation of the 
Data to be Validated 

For each DQ metric, the data (e.g. material master, European customers) to be ana-

lyzed should be defined. 

Escalation Process For each DQ metric, activities should be defined in relation to a specific threshold, 

i.e. from what value which activity is to be carried out. 

Area of Validity For each DQ metric, an area of validity should be defined in which its values apply. 

SMART  
Principles 

A DQ metric should fulfill the SMART goals (specific, measurable, achievable, 

realistic, timely). 

Disturbance  
Variables 

The metadata of a DQ metric should contain information on possible disturbance 

variables, i.e. describe possible events or influences which might bias the values of 

the DQ metric. 

Responsibility For each DQ metric, clear responsibilities should be defined, i.e. which values of the 

DQ metric are to be reported to whom, who is responsible for maintaining/updating 

the metric (e.g. currency/purpose of definition, implementation of measuring tech-

nique). 

Comparability A DQ metric should be defined so that its values can be compared with other metrics 

(DQ metrics and process metrics). 

Ease of  
Understanding 

For each DQ metric, metadata should be available which explain its intended pur-

pose and the correct interpretation of its values. 

Use in SLAs DQ metrics should be suitable for use in service level agreements. 

Visualization It should be possible to visualize the values of a DQ metric (e.g. time lines, graphs). 

Repeatability It should be possible to measure the values of a DQ metric not just once, but multiple 

times. 

Target Value For each DQ metric, a target value should be defined. 

Assignment of  
DQ Dimension 

It should be possible to assign a DQ metric to one or more DQ dimensions. 

Assignment of  It should be possible to assign a DQ metric to a concrete (enterprise-specific) busi-
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Requirement Description 

Business 
Problem 

ness problem. 

Assignment of 
Process  
Metrics 

It should be possible to assign a DQ metric to one or more process metrics. 

Assignment of  
Corporate  
Strategy 

It should be possible to assign a DQ metric to one or more strategic objectives of the 

enterprise. 

Table C-3: Requirements to be Met by DQ Metrics 
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Appendix D Examples of Validation Rules 

Table D-4 shows an extract of the validation rules which were defined by applying the tech-

nique specification of validation rules (cf. section 5.2.5.1) in participative case studies with 

Consumer Goods Inc. and Power Inc. Only the validations performed for a data object d are 

described in each case. The selection of relevant (i.e. potentially defective) data objects (cf. 

sections 5.2.2 and 5.2.5) for the respective validation as well as an iterative loop (cf. Figure 

5-8) for these selected data objects is assumed. 

 

DQ Dimension / Rule Description 

Currency / Timeliness 

if (CurrentTime() + threshold) > FirstDemand(d) 

    if d.BoM.Status != ‘released’ : return 0 

end if 

return 1 

 

CurrentTime() returns the current time. 

FirstDemand(d) returns the point in time at which data element d is 

used for the first time (e.g. start of production). 

Verifies whether the release of a bill 

of material (BoM) has been per-

formed in a timely manner (defined 

by the threshold). 

if (CurrentTime() + threshold) > FirstDemand(d) 

    if d.CommodityCode   == NULL : return 0 

    if d.CountryOfOrigin == NULL : return 0 

end if 

return 1 

Verifies whether the data required 

for customs clearance is available on 

time. 

app1 = LastChange(A1.d.BoM.Status, ‘released’) 

app2 = LastChange(A2.d.BoM.Status, ‘released’)  

if app1 > app2 + threshold : return 0 

return 1 

 

LastChange(a,e) returns the point in time at which data element e 

was last assigned to attribute a. 

Verifies whether the release of a 

BOM in application A1 was also 

performed in a timely manner in 

application A2 (actually a consisten-

cy check, but classified here as the 

point in time is verified). 

Change Frequency 

if d.BoM.Status == ‘released’ 

    for each position p in d.BoM 

        if NumberOfChanges(p) > 1 : return 0 

    end for 

end if 

return 1 

 

NumberOfChanges(a) returns the number of changes to a data ele-

ment of attribute a since initial input of the data element. 

Verifies how often the items of a 

BOM have been changed prior to its 

release. Frequent changes are an 

indication of problems with the data 

maintenance process and therefore 

an indication of data defects. 

if NumberOfChanges(d.BoM.Status) > 1 : return 0 

return 1 

Verifies how often the status of a 

BOM has been changed. The fre-

quent resetting of an article that has 

already been released (representa-
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DQ Dimension / Rule Description 

tion of a product in the system) is an 

indication of problems with the data 

maintenance process and therefore 

an indication of data defects 

Accuracy 

for each data object d2 

    if d.GTIN == d2.GTIN 

        if GS1(d,d2) == FALSE : return 0 

    end if 

end for 

return 1 

 

GS1(d1,d2) returns TRUE if the weights of two data objects d1 and 

d2 do not vary by more than 20%, otherwise FALSE. 

Verifies whether two data objects 

with the same GTIN have the char-

acteristics required by GS1 no 

weight variance of more than 20% 

for the same GTIN. 

for each data object d2  

  if d.GTIN == d2.GTIN 

    if d.SH.Pieces != d2.SH.Pieces : return 0 

    if d.PU.Pieces != d2.PU.Pieces : return 0 

    if d.PA.Pieces != d2.PA.Pieces : return 0 

  end if 

end for 

return 1 

Verifies whether two data objects 

with the same GTIN have the char-

acteristics required by GS1 same 

quantity on all logistical layers for 

the same GTIN (SH: shrink; PU: 

packaging unit; PA: pallet). 

for each data object d2 

    if EditDist(d,d2) > threshold : return 0 

return 1 

EditDist(s1,s2) returns the minimum edit distance between two 

strings s1 and s2. 

Verifies whether two data objects 

are so similar that a duplicate is to 

be assumed. Validation by means of 

the minimum edit distance calls for 

character sequences as input and is 

therefore only suitable for certain 

data object types (e.g. address data). 

Consistency 

if d.GTIN != ArtworkGTIN(d) : return 0 

return 1 

 

ArtworkGTIN(d) returns the GTIN incorporated in a product artwork 

(if necessary, by applying a text recognition algorithm). 

Verifies the consistency of the GTIN 

depicted in a product artwork and 

the GTIN stored in the system. 

for each local system l 

    if d.GTIN    != l.d.GTIN    : return 0 

    if d.SH.GTIN != l.d.SH.GTIN : return 0 

    if d.VE.GTIN != l.d.PU.GTIN : return 0 

    if d.PA.GTIN != l.d.PA.GTIN : return 0 

end for 

return 1 

Verifies the consistency of logistical 

data which is distributed to local 

systems by a central system, and 

transferred from there to a GS1-

compliant data pool. 

for each business partner b 

    pm = NULL // payment method 

    for each account a of b.Accounts 

        if pm == NULL : pm = a.PaymentMethod 

        else if pm != a.PaymentMethod : return 0 

    end for 

end for 

return 1 

Verifies whether the same method of 

payment is stated for all contract 

accounts of a customer. Exactly one 

contract account is always assigned 

to one customer. Several accounts 

for one customer only occur if the 

customer moves (change of address) 

and the old account is deactivated 

(but not deleted). If the customer‟s 
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DQ Dimension / Rule Description 

preferred method of payment is not 

transferred, the deactivated contract 

account receives the more current 

method of payment. 

Completeness 

if d.GrossWeight == NULL : return 0 

if d.Height      == NULL : return 0 

if d.Length      == NULL : return 0 

if d.Width       == NULL : return 0 

if d.Volume      == NULL : return 0 

return 1 

Verifies the completeness of logis-

tical data for a product. 

if d.FirstName1 == NULL : return 0 

if d.Surname    == NULL : return 0 

if d.Salutation == ‘Mr and Mr’ OR ‘Mr and 

                    Ms’ OR ‘Ms and Ms’ 

    if d.FirstName2 == NULL : return 0 

    if d.Surname    == NULL : return 0 

end if 

return 1 

Verifies whether first name and 

surname and – if required by the 

data element stored as title – also a 

second first name and surname are 

stated for a business partner. 

Table D-4: Examples of Validation Rules 
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Appendix E Documentation Templates 

E.1 Templates for Activity I.1 

 

 

Figure E-1: Documentation Template for Sponsor Interview 
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Figure E-2: Documentation Template for Scoping 
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E.2 Templates for Activity I.2 

 

 

Figure E-3: Documentation Template for Data Storage and Constraints 
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Figure E-4: Documentation Template for Guiding Questions for DQ Dimensions 
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E.3 Templates for Activity I.3 

 

 

Figure E-5: Documentation Template for Causal Chains 
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E.4 Templates for Activity II.1 

 

 

Figure E-6: Documentation Template for Requirements 
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E.5 Templates for Activity II.2 

 

 

Figure E-7: Documentation Template for Validation Rules 
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Figure E-8: Documentation Template for DQ Metrics 
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E.6 Templates for Activity III.1 

 

 

Figure E-9: Documentation Template for Requirements Validation 
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E.7 Templates for Activity III.2 

 

 

Figure E-10: Proposal for Documentation Structuring 
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Appendix F Focus Group and Guiding Questions for Interview 

On February 9, 2010, 11 subject matter experts from 10 multinational companies (see Table 

F-1), each with 3 to 20 years„ experience in master data management and DQM, evaluated 

the method in a focus group interview. After a 45-minute presentation of the method, the 

panel was asked to discuss and evaluate the method with the aid of several guiding questions 

(see Table F-2). 

 

Company Function 

Bayer CropScience AG  Integration Manager Enterprise Master Data Management  

Beiersdorf AG  Head of Supply Chain Data Process Management  

Beiersdorf AG  Head of Team Beiersdorf Shared Services Master Data  

DB Netz AG  Strategic Infrastructure Data Management, Railway Geo-

graphical Data  

Festo AG & Co. KG  Head of Product Lifecycle Management  

Grundfos A/S  Supply Chain Coordinator  

Henkel AG & Co. KGaA  Project Manager Data Quality Strategy  

Metro Group AG  Head of Business Intelligence Support  

Rewe-Zentral AG  Project Manager Data Quality  

Siemens Enterprise Communications GmbH & 

Co. KG  

Vice President Master Data  

Syngenta Crop Protection AG  Lead Steward Material Master Data  

Table F-1: Subject Matter Experts of Focus Group Interview (February 9, 2010) 

 

Relevance perspective 

 Does the method„s objective (i.e. identifying causalities between data defects and business problems, and 

specifying data quality metrics based on these causalities) address a relevant task from a company„s point of 

view? 

 Does the method produce a relevant result? 

 Do the method„s output (i.e. the metrics) serve the intended purpose? 

Economic perspective 

While the method aims at reducing costs (e.g. by providing a structured procedure, examples, and interview 

guidelines), the method„s configuration and application cause costs, too. 

 Is the effort caused by the method„s configuration and application acceptable, or would any ad-hoc ap-

proach serve the purpose as well? 

 Do the benefits of the method application exceed its costs? 

Deployment perspective 

In order to foster communication between the stakeholders involved, the method should be understandable. It 

should correspond to concepts, the prospective method users are familiar with. 
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 Are the concepts of the method (i.e. the meta-model, the procedure model) understandable? 

 Will the approach be accepted in a company? Is there a risk of a ―not invented here‖ syndrome? 

Engineering perspective 

 Does the method fulfill the requirements to be taken into account? 

 Is the method„s specification and structuring suited for supporting the intended purposes? 

 Does the method describe the considered aspects correct and in a sufficient depth? 

 Is the method„s structuring clear and understandable? 

Epistemological perspective 

 Is the method design process clear and understandable? Are there method elements (e.g. a role, an activity) 

without an obvious purpose? 

 Does the method design process generate credibility of the method, or does the method appear to be an ad 

hoc approach? 

Table F-2: Guiding Questions for Focus Group Interview (February 9, 2010) 
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