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Abstract: The paper proposes a new data object-driven approach to data quality evaluation. It 
consists of three main components: (1) a data object, (2) data quality requirements, and (3) data 
quality evaluation process. As data quality is of relative nature, the data object and quality 
requirements are (a) use-case dependent and (b) defined by the user in accordance with his needs. 
All three components of the presented data quality model are described using graphical Domain 
Specific Languages (DSLs). In accordance with Model-Driven Architecture (MDA), the data 
quality model is built in two steps: (1) creating a platform-independent model (PIM), and (2) 
converting the created PIM into a platform-specific model (PSM). The PIM comprises informal 
specifications of data quality. The PSM describes the implementation of a data quality model, 
thus making it executable, enabling data object scanning and detecting data quality defects and 
anomalies. The proposed approach was applied to open data sets, analysing their quality. At least 
3 advantages were highlighted: (1) a graphical data quality model allows the definition of data 
quality by non-IT and non-data quality experts as the presented diagrams are easy to read, create 
and modify, (2) the data quality model allows an analysis of "third-party” data without deeper 
knowledge on how the data were accrued and processed, (3) the quality of the data can be 
described at least at two levels of abstraction - informally using natural language or formally by 
including executable artefacts such as SQL statements. 
 
Keywords: Data quality, Data object, Domain-specific language, Platform-independent model, 
Platform-specific model, Executable model 
Categories: H.0, H.1.0, H.2.0, E.0, I.6.5 

1 Introduction  

The issue of data quality has been topical for many decades, and its importance doesn’t 
decrease. Currently, data are everywhere and are even considered the most valuable 
resource, even in comparison with oil [The Economist, 17]. In most cases, data are used 
in analysis and as a basis for decision-making. It means that in order to make informed 
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decisions, data must be of high quality, as low data quality can lead to huge losses. As 
an example, according to [ComputerWorld, 15], the US Postal Service (USPS) loses 
$3.4 billion per year due to only incorrect address data.  

Most existing studies on data quality focus on the definition of data quality 
dimensions and their relation to the specific issues. The main disadvantage of such 
approaches is the demand to analyse quality dimensions in context of specific solutions, 
and it is a difficult task for non-IT and non-data quality experts (DQ-experts). This 
process is very important but at the same time very time-consuming, as the correctness 
of the users’ choice impacts the results of the analysis. One of the main ideas of the 
proposed approach is to avoid data quality dimension concept, replacing it with a more 
general concept of “data quality requirement”. This doesn’t require researching 
dimensions, their meaning etc. The paper presents a data object-driven approach to data 
quality evaluation, which consists of three components that form a data quality model: 
(1) data object; (2) data quality requirements; (3) data quality evaluation process.    

This paper is an extension of work originally presented at the “Fifth International 
Conference on Social Networks Analysis, Management and Security (SNAMS-2018)” 
[Bicevskis, 18a]. The main idea presented in our conference paper was to build a data 
quality model in two steps: (1) creating a platform-independent model (PIM) and (2) 
converting the created PIM into a platform-specific model (PSM). This allows to 
describe data quality at two levels of abstraction: (a) informally, using natural language 
and (b) including executable artefacts, for instance, SQL statements, in the result 
deriving PSM from PIM. In the conference paper we discussed existing solutions for 
the data quality issue, briefly explaining the idea of a division of the data quality model 
into PIM and PSM, providing a very limited overview of its application to real data sets 
without explaining analyses’ relationship with use-cases and a discussion of the results. 
In comparison with [Bicevskis, 18a], this paper presents a more detailed description of 
the proposed approach, including a description of every component of the proposed 
data quality model, their nature, and possible ways to create them. The main new points 
discussed in this paper are (a) the rationale for choosing every component and their 
comparison with possible alternatives, (b) a description of the implementation, (c) a 
detailed description of its application to real open data sets, summarizing the list of 
advantages of the proposed solution that arise as a the result of its application to 
numerous “third-party” data sets. As a result, a list of possible extensions of the 
presented idea arose, some of which were partially implemented.   

The paper is structured as follows: an overview of related researches (Section 2), a 
description of the presented solution (Section 3), a description of the implementation 
of the presented solution (Section 4), an analysis of data quality of Companies House 
of UK, and comparative analysis of four European Company registers (Section 5), 
conclusions (Section 6) and future work (Section 7). 

2 State of the art 

More than 20 existing solutions on data quality issue were already discussed in detail 
in [Bicevskis, 18a] and [Nikiforova, 18b], where their pros and cons were highlighted, 
therefore, this discussion won’t be repeated in this paper. However, the list of the most 
influential groups of the existing researches should be provided with the list of 
examples for the further discussion: (a) general studies on data and information quality, 
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mostly focusing on the definition of quality dimensions and their groupings - [Wang, 
96], [Van den Berghe, 17], [Ferney, 17], [Redman, 01]; (b) assessments of specific 
industry data and information quality, analysing data from a specific industry with 
sector-specific methods, for instance, healthcare – [Van den Berghe, 17], [Schmidt, 15], 
[Tomic, 15], chemical hazard and risk assessments - [Bevan, 12]; (c) data quality 
assessment frameworks [Vetrò, 16], [Neumaier, 16], [Umbrich, 15]; (d) quality 
assessment of open data portals or Open Government Data [Vetrò, 16], [Neumaier, 16], 
[Sáez Martín, 16], [Sasse, 17];  (e) quality assessment of Linked Data [Acosta, 13], 
[Paulheim, 14]; (f) data quality guidelines for data publishers [Vetrò, 16], [Sasse, 17]. 
Another research takes a significantly different approach [Baker, 18] and discuses 
cloud-based tools for next-generation sequencing. It provides a review of 20 tools and 
is probably one of the most comprehensive studies on the topic. 

The first group that focuses on the definition of data quality dimensions and their 
grouping has been probably the most frequently used in the last decades. However, this 
research method presents multiple disadvantages and limitations. The total number of 
dimensions used in these researches is very high. There are many different 
classifications of data quality dimensions where one of the most widely known is 
Wang’s and Strong’s 15 data quality dimensions [Wang, 96] divided into four 
categories: intrinsic, contextual, representational, accessibility. According to Batini and 
Scannapieco [Batini, 16], these dimensions were identified as a result of empirical 
research. Theoretical approach used by Wang and Wand highlighted such 5 most 
important dimensions as accuracy, reliability, timeliness, completeness and consistency 
as the most important aspects of data quality [Wand, 96]. Division of data quality 
dimensions into three categories - conceptual schema, data values and data format - is 
an example of the intuitive approach [Redman, 97]. One of the newest definitions of 
data quality dimensions is the set of 6 dimensions, namely, completeness, uniqueness, 
timeliness, validity, accuracy, consistency, defined by Data Management Association 
International UK Working Group [Askham, 13]. Furthermore, some researches 
suppose that every dimension has a list of criteria. However, these researches aren’t the 
soles, as many researches provide other data quality dimensions as more 
“comprehensive”. Moreover, the number of dimensions can vary from 3 [Ferney, 17] 
and [Adedugbe, 18] to 30 [Caro, 07]. Usually, there are two ways to determine the 
dimensions: (1) pre-defined by authors; (2) defined by users. Pre-defined data quality 
dimensions are usually defined: (a) as a result of surveys (involving developers, 
students, end-users etc.) [Vetrò, 16]; (b) as a result of the existing research overview; 
(c) by authors in accordance with their “vision”. The main disadvantage of these 
approaches is the necessity to make deep analysis on dimensions in the context of a 
specific solution. It is time-consuming but at the same time very vital process as the 
results of analysis are highly dependent on the correctness of the choices made by users.  

In addition, sometimes the number of data quality dimensions is not only too high, 
but also the difference between some of them is almost invisible. Moreover, although 
many solutions propose the same names for various data quality dimensions, their 
meanings are believed to be different, and vice versa – different names are used to 
describe the same semantics. In [Scannapieco, 02], six research papers providing set of 
data quality dimensions were compared. The main result was that only 1 of 23 analysed 
data quality dimensions, namely, “accuracy”, had the same semantical meaning in all 6 
researches. This is in line with [Askham, 13] stating that “even amongst data quality 
professionals the key data quality dimensions are not universally agreed. This state of 
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affairs has led to much confusion within the data quality community and is even more 
bewildering for those who are new to the discipline and more importantly to business 
stakeholders”. In addition, according to [Batini, 16] and [Scannapieco, 02], dimensions 
can’t be defined in a measurable and formal way, and it is also not known how they 
should be assessed. It means that not only a data quality concept is very complex and 
doesn’t have a straightforward definition, but the same applies to the concept of a data 
quality dimension and every particular dimension.  

As a result, these researches become useful and suitable mostly for DQ-experts. 
Moreover, even for them an analysis of data quality dimensions sometimes become 
inadequately time-consuming. As a result, we conclude that data quality dimension is 
too relative and at the same time complex concept. It requires deep knowledge and 
skills in data quality area, as well as an effort to understand what each dimension means 
for a particular solution. It creates the necessity to involve DQ-experts at each stage of 
the data quality analysis. However, as data quality depends on use-cases defined by 
particular users, at least the first steps of data quality analysis - defining quality 
requirements - should be done by end-users. Involving of DQ-experts in initial stages 
of data quality analysis means that data quality requirements and conformity to end-
users needs significantly depend on the interpretation of user requirements by DQ-
experts; though it is often hard to explain and understand a specific problem.   

One of the main points of the presented solution is to let users analyse data quality 
as much as possible independently from DQ- and IT- experts. It means that the 
proposed solution should be clear and simple enough. The data quality dimensions 
concept is replaced with a more general and comprehensive concept of “data quality 
requirements”, whose subset is "data quality dimension". It doesn’t require definition 
or application of pre-defined dimensions since all requirements are fully defined by 
end-users and strongly depend on the use-case. 

3 Basics of the proposed solution 

The main idea of the presented data quality solution was initially proposed in [Bicevska, 
17]. It was discussed in the context of Model-Driven Architecture (MDA) in [Bicevskis, 
18a]. MDA was also discussed by other researchers at SNAMS-2018 conference - 
[Khider, 18] considered MDA for business process model recommender. It shows the 
continuous importance of MDA in the IT-related research. 

This paper provides a more detailed description of the proposed data object-driven 
approach, PIM and PSM models of the proposed quality mode. It justifies the approach, 
as well as highlights its pros and new perspectives.  

The proposed data object-driven data quality solution consists of three main 
components: (1) data object, (2) description of quality requirements, and (3) description 
of quality measuring process [Bicevska, 17]. These components form the data quality 
model: the data object description defines data whose quality should be analysed, the 
quality requirements description defines conditions that must be met to admit data as 
qualitative, and the description of quality measuring process defines a procedure that 
must be performed to evaluate data quality. Each component is defined using graphical 
flowchart-based diagrams.   

The proposed data quality model can be built in two steps: (1) firstly, a platform-
independent model (PIM) of data quality is created; (2) then a platform-specific model 
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(PSM) is derived from the PIM, by replacing informal descriptions with some 
executable artefacts such as programming code routines or SQL statements. The PIM 
consists of informal descriptions of data object, data quality specification and data 
quality measuring process. The PSM contains implementation of the data quality model 
thereby making it executable.  

The division of data quality model into two models corresponds to Model-Driven 
Architecture (MDA). Possibly, it is not MDA in its traditional meaning, however, the 
principles are the same. According to [Kleppe, 03], MDA by itself “… is based on 
widely used industry standards for visualizing, storing and exchanging [software 
designs and] models”. This is the core idea of the presented approach. Following Object 
Management Group (OMG) [Soley, 00], in the proposed solution “models become 
assets instead of expenses”. Moreover, “modelling technology to pull the whole picture 
together” is one of the main aims of diagrams use. In comparison with OMG, a PIM is 
created based on the block diagrams (flowcharts) instead of Unified Modelling 
Languages (UML) diagrams that are widely used in MDA [Kleppe, 03]. However, 
UML diagrams often require specific knowledge and previous experience. According 
to [Kleppe, 03], UML is one of the most appropriate choices for engineers, as it allows 
exchanging and documenting their ideas. However, UML is not suitable for non-IT and 
non-DQ experts, therefore it can’t be used for the proposed solution. At the same time, 
flowcharts are a simple and intuitive way to express ideas even for non-IT and non-DQ 
experts, and they are often included in educational programs for secondary schools (at 
least in Latvia). As a result, authors suppose flowcharts are easy to create, read and 
modify for the majority of users because they have all necessary components for data 
quality analysis. Therefore, flowchart-based diagrams were chosen as a more 
appropriate option for the proposed solution.  

As programming languages and platforms may have significant differences in their 
semantics, PIM transformation into PSM takes place manually. Despite there are many 
options for automated and semi-automated transformation of PIM into PSM, it is almost 
impossible to ensure the correct translation of PIM defined by users into the PSM. 
Besides, as it was previously mentioned, the presented solution doesn’t follow MDA in 
its traditional understanding. One of the main reasons to choose manual transformation 
is the fact, that the manual transformation of models task isn’t effort- and time- 
consuming in this case – it is relatively simple task, especially for users with basic 
programming skills which will be required in the later stages of quality analysis only 
(agrees on [Miller, 03], [Pauker, 16], [Chungoora, 13]).  

All concepts of the presented data object-driven approach are defined and described 
using graphical Domain Specific Languages (DSLs). DSL syntax and semantics are 
developed in such a way that they are (a) easily applicable to a new information system, 
(b) simple enough to let non-IT experts define data object and quality specification 
without IT-experts involving. Graphical models for data quality analysis were chosen 
for several reasons. Firstly, models are usually used as a communication tool [Mellor, 
04], improving the readability of information since graphical representation in models 
is perceived better by readers than textual representation. Visual information is easier 
and faster to read and to modify. Moreover, using models reduces the risk of 
misunderstandings between users. Secondly, according to [Mellor, 04], models are 
“cheaper to build than the real thing”. Mellor emphasizes that the effectiveness of 
models depends on two aspects: abstraction and classification. By abstraction Mellor 
understands “ignoring information that is not of interest in a particular context”. In the 
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presented approach, it is achieved by using data object exclusively with the parameters 
representing real objects that are of interest for specific users in specific use-cases. 
Parameters that are not of interest for specific use-cases are ignored, hence they aren’t 
included in the particular data objects. By classification Mellor means “grouping 
important information based on common properties”. This principle is partially 
followed when grouping quality conditions for each parameter involved in data quality 
analysis. In [Kleppe, 03], the authors propose to create machine-readable models 
instead of the paper-based to reduce time- and effort- consuming activities. They offer 
to store machine-readable models in standardized repositories. In the presented 
approach, a graphical DSLs editor DIMOD [Bicevskis, 18a] is used to store created 
diagrams in repository. The basics of the proposed solution are close to those in 
[Kleppe, 03]: models can be easily updated, modified and reused. The diagrams can be 
transformed multiple times depending on user’s needs as soon as use-case changes or 
new details appear. The changes can be introduced by multiple users if several people 
are involved in data quality analysis (in diagrams creation). Besides, involved people 
can represent different units, for instance, technical- and business- units or any of them.   

Each diagram represents one of two data quality lifecycle control phases proposed 
by Total Data Quality Management [TDQM, 18]: (1) data quality definition that is 
divided into (a) data quality definition and (b) data quality measuring; (2) data quality 
analysis. Sometimes, data quality definition and data quality measuring represent two 
standalone phases. In general, TDQM introduces an additional stage – data quality 
improvement. The presented solution doesn’t cover data quality improvements phase 
leaving it up to user as there are many useful and user-friendly solutions for this 
purpose. One of such solutions is Microsoft Data Quality Services that was previously 
analysed in [Bicevskis, 18a] and [Nikiforova, 18b]. In accordance with TDQM, data 
quality is assured systematically repeating phases of data quality cycle. The necessity 
of the repeating appears when data are continuously changing. New data or data 
modifications can bring new data quality problems and cause new requirements 
[Nikiforova, 18b]. The proposed approach ensures high quality of data because quality 
assessment criteria are changed, and new data quality requirements are defined in each 
cycle’s iteration. As a result, the created diagrams represent the current stage of each 
data quality analysis step – not only the final result of the design phase, that also 
corresponds with [Kleppe, 03]. To sum up, the general idea of data quality models’ 
definition using PIM and PSM corresponds with the MDA. However, there are 
differences - the proposed solution is adapted for non-IT and DQ experts as their 
involving in data quality analysis is one of the main aims of the proposed approach. 

3.1 Data Object 

The first step of the proposed data object-driven approach is a data object definition. 
According to [Bicevska, 17], a data object is “a set of values of the parameters that 
characterize a real-life object”. The data object requires to select only those parameters, 
in which quality specific user is interested in. This affects performance of data quality 
analysis significantly, since only the parameters whose quality matters are selected for 
further processing. The parameters of data objects depend on use case defined by data 
end-user. A similar idea is discussed in [Salesi, 18]: limiting the data features before 
submitting data to deep learning model improves performance.  
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When analysing data of Companies House of UK [Companies House, 18], it is 
obvious that the data object is Company (“Company_UK”). Every company is 
described using 55 parameters. Two very simple and intuitive use-cases were chosen: 
(a) identify company by its name, registration number and incorporation date; (b) 
contact company via mail post using its address and postal code. Therefore only 5 
attributes for the data object “Company_UK” are necessary to cover the use-cases: 
“CompanyNumber” – company registration number, “CompanyName” – company 
name, “IncorporationDate” – company incorporation date, “RegAddress_ 
AddressLine1” – company address, “RegAddress_PostCode” – company postal code. 
Other 50 parameters are out of the scope and can be ignored.  

A collection of data objects of the same structure forms a data object class. This 
concept is necessary as information systems usually deal with many data objects that 
should be processed in a unified way if they have the same structure. According to 
[Bicevskis, 18a], “a data object class has a name, and its elements have the same 
structure as they all are characterized by the same parameters”.  The data objects class 
consists of several specific data objects, called instances, which are described by fields 
of arbitrary number and other data objects’ classes. Each particular data object can have 
one to all parameter’s values. It means the data object’s class has a tree structure. Data 
object class allows defining data quality requirements for the data collection. It also 
allows to specify when data quality is considered as high or low by introducing a 
threshold which can’t be exceeded. For instance, if the total error rate of data quality 
problems of the data class “Company_UK” is lower than 5%, the data set is considered 
to be of high quality, however, otherwise data quality should be improved immediately. 
The total rank is calculated by relating the number of records having data quality 
problems to the total number of records. It also means that every user can introduce his 
own threshold thereby specifying tolerance intervals. 

A document-oriented database is a commonly used example of data object class. It 
contains documents with the same structure, and the fields of each specific data object 
can be filled in partially or completely. In the above described particular example, 
Companies House collects not only current companies’ names but also up to ten 
previous names. Two parameters describe previous name of company: the name itself 
“Company_Name_Previous” and the date when the name was changed 
“Change_of_Name_Date”. Hence, the data object class “Company_UK” would have 
five parameters, and the data object “PreviousName” - two parameters.   

3.1.1 Platform-independent model of data object 

Firstly, a platform-independent model (PIM) of the data object should be created. 
According to [Kleppe, 03], PIM models “work independently of details and specific of 
the target platforms, there is a lot of technical detail that they do not need to bother 
with.” Figure 1 shows the platform-independent model of the data object 
“Company_UK” with its 5 attributes. The description of company is informal as no 
rules for attribute values’ syntax are given. Only parameters’ names and a description 
of stored data in natural language are depicted. The denotation is simple enough [see 
Fig. 1]. The description of the stored data can be retrieved in several ways: (a) from 
documentation accompanying data sets, if it is provided; (b) from parameters names; 
(c) by exploring data set. The first option is time-saving and user-friendly as it doesn’t 
require any additional steps, however, documentation is provided very rarely. The 
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second option - create data sets and publish the data - is widely spread, as it is a kind of 
“good practice” and nowadays often taken into account. 

For the presented example, the data publishers (Companies House of UK) provide 
documentation containing additional information about the published data. In addition, 
the names of almost all parameters are self-explaining and don’t require any additional 
analysis. However, this is the only such “user-friendly” data set among all four analysed 
Company registers (Latvia, Estonia, Norway and the United Kingdom).  

 

   

Figure 1: PIM of data object 
“Company_UK” 

Figure 2: PIM of the 
extended data object 

“Company_UK” 

Figure 3: PSM of the 
extended data object 

“Company_UK” 

Figure 1 demonstrates how simple is data quality analysis in the specific use-case 
is when only few parameters are required, whereas Figure 2 demonstrates an extended 
version of data object. It is also vital to note that the initial data object can be easily 
extended at any stage of analysis. It is a flexible object, and the number of data object 
parameters is determined by the user and the use-case.  

As discussed in [Bicevskis, 18a], the data quality checking for one of the data 
object parameters’ values can be reduced to an examination of individual values’ 
properties. The most common controls are: (1) may a string serve as registration 
number? (2) is a postal code value correct? (3) are the provided dates valid and trustful? 
Checking of parameters’ values is local and formal, i.e., this process does not respect 
contextual interlinks with other data objects and does not check the compliance of data 
with the true characteristics of the real company. 

3.1.2 Platform-specific model of data object 

The second step is to create a Platform-Specific model (PSM) for a data object. It 
contains technical details that were not included in PIM. 

CompanyNumber
the unique company number

Company_UK

RegAddress AddressLine1
company address  

RegAddress PostCode
company postal code

CompanyNumber
varchar

Company_UK

RegAddress AddressLine1
varchar

RegAddress PostCode
varchar

IncorporationDate
date - 'DD/MM/YYYY'

CompanyName
company name

CompanyName
varchar

IncorporationDate
date of incorporation of  
company

Company_UK

RegAddress AddressLine1
varchar

RegAddress Country
varchar

RegAddress PostCode
varchar

CountryOfOrigin
varchar

IncorporationDate
date - 'DD/MM/YYYY'

URI
varchar

CompanyName
varchar

CompanyNumber
the unique company number

CompanyName
company name

RegAddress AddressLine1
company address  

RegAddress PostCode
company postal code

RegAddress Country
company registration country

CompanyCategory
company category

CompanyStatus
company status

CountryOfOrigin
company country of origin  

URI
company URI

IncorporationDate
date of incorporation of  
company

CompanyCategory
enumerable {Private Limited Company,  
Private Unlimited Company, Public Limited  
Company, Limited Partnership, Private  
Unlimited, ...}

CompanyStatus
enumerable {Active, Dissolved,  
Liquidation, Receivership, Voluntary  
Arrangement, Receiver Manager,  
Administrative Received, Administrative  
Order, Proposal To Strike Off, Petition To  
Restore, ...}

CompanyNumber
varchar

Company_UKCompany_UK

RegAddress AddressLine1
varchar

RegAddress Country
varchar

CompanyCategory
IN('Private Limited Company', 'Private  
Unlimited Company', 'Public Limited  
Company', 'Private Unlimited', ..., 'Old  
Public Company', 'Community Interest  
Company', 'Community Interest Public  
Limited Company', 'Limited Liability  
Partnerships')

CompanyStatus
IN('Active', 'Dissolved', 'Liquidation',  
'Receivership', 'Converted/Closed', ...,  
'Transformed To SE', 'Proposed SE',  
'Converted To PLC', 'Transferred From  
GB', 'Proposed Transfer','Voluntary  
Arrangement', 'Receiver Manager',  
'Administrative Receiver', 'Administrative  
Order', 'Proposal to Strike Off', 'Petition To  
Restore')

RegAddress PostCode
varchar

IncorporationDate
date - 'DD/MM/YYYY'

URI
varchar

CompanyName
varchar

CompanyNumber
int

CountryOfOrigin
varchar
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Descriptions of data objects’ parameters are semi-formal at this stage as rules for 
attribute values syntax are provided. The syntax rules for describing the allowable 
values for the data object's fields can be formulated at different abstraction levels - from 
formal language grammar to definitions of variables in programming languages. In the 
latter case, the data object model is closely related to its implementation environment. 
Figure 3 shows a PSM for the data object “Company_UK” that is derived from the PIM 
[see Fig. 2]. More interesting example appears - parameters “CompanyCategory”, 
“CompanyStatus” get attribute “enumerator” (in MS SQL “IN”) supplied with list of 
allowable values that further can be used as data quality requirements’ input. The 
informal rules are replaced by formal rules at this stage, specifying more appropriate 
data type for each field depending on the values it stores. For instance, company name 
and address are strings, the format of an incorporation date is “DD/MM/YYYY”. This 
information can be obtained in multiple ways: (a) from documentation about data sets 
provided by a data publisher; (b) from pre-processing, analysing data the most part of 
parameters contains. In this way, PIM is converted into the PSM.  

In the presented example, the data publisher (Companies House of UK) provides 
the data set together with documentation containing additional information about data 
and maximal lengths of values. Moreover, another document provides lists of allowable 
values for parameters. The parameters’ format depends on the technique used for 
replacing informal descriptions with executable artefacts at later stage – data quality 
evaluation. In the presented example, SQL is used, therefore parameters’ types 
correspond to the SQL data types in most cases [see Fig. 2].  

3.2 Data Quality Requirements Specification 

According to [Bicevskis, 18a], a data quality specification for a specific data object 
consists of conditions that must be satisfied in order to consider the data object as of 
high quality. Data quality requirements can be defined at different level of abstraction: 
as for (a) specific data object, (b) data object in scope of its attributes, (c) data object in 
the scope of database, and (d) data object in scope of many databases [Nikiforova, 18b]. 

3.2.1 Platform-independent model of data quality requirements specification 

If PIM is used for data quality specification, only informal descriptions of conditions 
are defined, for instance, in natural language. In other words, the nature of quality 
conditions is fixed in the PIM. The most commonly appeared conditions are checking 
of value existence and formats. However, other conditions can also appear as well. 

The data quality specification is retrieved from the data stored in specific fields or 
from the description of data set, for instance, from an overview of fields with short 
summary on them, their length and their possible values provided by Companies House 
of UK. This description can be used as the first step in creating of data quality 
specification, additional quality conditions can be added, if needed. However, some 
requirements can be specified during pre-processing of the dataset. For instance, in 
order to decide whether empty values are allowed for a parameter, it is possible to check 
the number of non-empty values, and, if the ratio of non-empty values is lower than 
3%, there could be assumed that the specific parameter may not be empty. Such 
requirements can be formulated from users’ viewpoint. For instance, in the example 
with Company register, it is obvious that “CompanyName” and “RegistrationNumber” 
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must have values. Moreover, depending on the register, a registration number should 
conform to some pattern or correspond to some specific format. The defined conditions 
are collected and grouped by each parameter involved in data quality analysis. The PIM 
of data quality specification for the extended data object “Company_UK” is shown in 
the Figure 4. Successive checking of data object’s “Company_UK” fields, describing 
each condition in a natural language is provided. The 1st – 4th and 10th boxes represent 
quality requirements for the initial short version of data object [see Fig. 1].  

 

 

Figure 4: PIM of data quality requirements specification  

The procedure of data object’s class processing is as follows: (1) all instances of 
data object’s class are selected from the data sources and written into collection; (2) all 
instances are cyclically processed, for each individual instance examining the 
fulfilment of the quality requirements, likewise in the case of processing an individual 
data object [Bicevskis, 18b].  In other words, when quality of value of particular 
parameter is checked, two alternatives are possible: (a) the value is correct and meets 
all defined quality requirements, or (b) the data have quality problems. In both cases, 
the quality of the check of the value of the next parameter follows the previous check, 
however, in the second case, if the previous value had at least one quality problem – 
didn’t satisfy at least one quality condition, an appropriate message will be sent [see 
Fig. 4].  

As described in [Bicevskis, 18b], such a data quality specification can be a 
programming task for development of data input forms. The next step after defining the 
PIM is to define the PSM, and this is described in the next Section. 

3.2.2 Platform-specific model of data quality requirements specification 

When creating a PSM, in accordance with PSM nature, data quality requirements for a 
data object are defined using logical expressions. The PSM is a detailed while a PIM is 
an abstract model of quality specification.  

The structure of the diagram is the same as for the PIM, however, informal 
descriptions are substituted with logical expressions where names of data object’s 
attributes serve as operands in the logical expressions (statements in programming 
languages may be used as operations). These logical expressions are mainly derived 
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from the previously defined data object (mainly from the PSM of data object [see Fig. 
3]) together with PIM of data object’s quality specification [see Fig. 4]. For instance, 
(a) does the format of parameter “IncorporationDate” correspond to the defined? (b) is 
the value of the parameter “CompanyCategory” included into the list of allowable 
values? (c) does “URI” meet the pattern? etc. Data quality specification for the data 
object is described in a pseudocode written in the elements of the chart. Figure 5 
demonstrates quality specification for the data object “Company_UK”. Despite the fact 
that pseudocode sometimes is related to PIM (for instance, in [Ruiz, 18]), this time it 
can be considered as PSM since the pseudocode is closely related to the art of its 
implementation, for example, in programming language C#. This choice conforms to 
other researches ([Coutinho, 12], [Shi, 15], etc). 

 

 

Figure 5: PSM of data quality requirements specification 

An extended data object brings several specific checks, for instance, in case of the 
parameter “URI”, correspondence to a defined pattern is checked. According to this 
quality requirement, every “URI” should start with a certain string while the second 
part should contain company’s name taken from the first parameter 
(“CompanyNumber”). 

Likewise to previous researches ([Nikiforova, 18a, 18b, 19a], [Bicevskis, 18b]), 
the most commonly used data quality requirements are: (1) existence of values, (2) 
relevance to specified type of data, (3) format of stored values (for example, length of 
the stored value), (4) conformity to a specific pattern, (5) relevance to the list of 
enumerable values, (6) validity of value (for example, trustful date) and other  
conditions that follow from the data set and type of data that can be stored in the specific 
field. 

3.3 Data Quality Evaluation 

Data quality evaluation process starts with description of activities that are necessary 
to be taken to select data object values from the data source. When data objects’ values 
are read from the data source and written into database, one or more steps should be 
taken assessing data quality of the selected values. Each step describes one check for 
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the compliance of the data object with specific quality specification. Therefore, if 
particular values don’t meet defined data quality requirements, an appropriate message 
is sent [see Fig. 6]. Non-empty “SendMessage” values form data quality problems’ 
protocol that is saved in database for further processing. It can also be used for 
improving data quality of particular data set automatically or manually by triggering 
changes in the data source.  
 

 

Figure 6: PSM of data quality evaluation for data object “Company_UK”  

A PSM model of data quality evaluation process is obtained by modifying the PIM 
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be represented not only using SQL statements, but also using some programming 
language although it may impact implementation. SQL is observed as the most 
appropriate and natural option since the basic construction of every SQL statement is 
simple and close to the construction of data quality requirements.  

4 Implementation 

As mentioned in Section 3, the presented data object-driven approach uses graphical 
DSLs for defining data quality models. Every component of data quality model is 
described using its own graphical DSL. As data quality requirements are different and 
the used DSLs can also be different, it is highly recommended to not use one specific 
graphical editor that supports only one DSL (that can become very complex) but to 
create your own editor for each used DSL [Bicevskis, 18a]. In other words, three DSLs 
are proposed for the presented approach: for (a) data object definition, (b) data quality 
specification definition; (c) data quality evaluation. All these DSLs are graphical and 
each of them has its own structure that was already demonstrated by examples in 
previous sections.  

Currently, there are several platforms providing generation of graphical DSL 
editors. One of such platforms, called DIMOD, was used for this research. DIMOD lets 
users define a DSL using a meta-model that is stored into model’s repository.  
Moreover, DIMOD is also based on MDA. It lets define DSL parameters and 
modification using a separate configuration component “Configurator” [Sprogis, 13]. 
It creates a meta-model of the DSL and stores it in a repository. Once it is saved in the 
repository, the corresponding modelling editor is created automatically, the meta-model 
of DSL is interpreted, and all necessary graphical features become available.  Example 
of a meta-model for data object class is shown in Figure 7. 

DIMOD can also be used to create and edit data quality diagrams by highly 
qualified modelling experts in collaboration with domain experts (“the clever users”). 
Furthermore, it is possible to check the data quality models’ internal consistency 
involving both – IT and domain experts. This choice lets a wide range of users to use 
the created data quality model since the created models can be published in WEB. The 
creation of the DSL meta-model is probably the most complex step in the process as it 
requires deep knowledge in modelling. In this case, the possibilities provided by 
DIMOD allow to create the meta-model just once and to publish the created models in 
WEB. Once the model is shared, other users can start using it without any knowledge 
on how it is created. Moreover, the published data quality models let users explore 
previous models before creating the models by themselves. 
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Figure 7: Data object’s class meta-model  

The PSM model is implemented by replacing the PIM’s descriptions with 
executable artefact, for instance, with program code. Another option is to create a 
compiler that converts created data objects’ and data quality specifications’ flowcharts 
into executable code that can be used as PSM for data quality evaluation. However, as 
already discussed in Section 3, this approach may occur more time- and effort- 
consuming. Moreover, there is also no confidence that transformation in each particular 
case will be correct and accurate.  

As the last step, a validator is involved to execute the obtained PSM. The defined 
requirements are used to execute the code. A protocol of data quality problems is 
generated for each particular data object stored in the new database, and it can be used 
for analysis and data quality improvement. 

5 Appliance of the data object-driven approach to open data 

The presented data object-driven approach was applied to multiple open data sets to (a) 
approbate the proposed methodology in real tasks, and (b) analyse the quality of open 
data sets. In total, more than 25 data sets were analysed ([Nikiforova, 18a, 18b]), 
including the analysis of a specific domain – Latvian open health[care] data 
[Nikiforova, 19a], with a description of the analysis and a summary of the results of the 
application of the proposed approach. The research showed that more than 84% of the 
analysed open data sets have at least several data quality issues, even in the scope of 
primary parameters.  

Hereafter a short overview of results obtained by analysing four open data sets of 
company registers from four European countries - Latvia, Estonia, Norway and the 
United Kingdom - is given. In all cases, a company was selected as the data object class. 
The analysis was performed according to two use-cases: (a) identifying a company, and 
(b) contacting a company. The unified analysis of several company registers not only 
looked for data quality flaws in particular company registers but also tried to identify 
general data quality problems if any. The structure of data object for Companies House 
of UK is shown in Figure 1. However, there were additional data quality checks, not 
only those of defined use-cases, made for all data object parameters in the company 
registers to have in-depth data quality analysis. As data quality specification was made 
by users, it was an interpretation of data by users’ viewpoint. At this stage, data object 
analysis was done in scope of a single data object, mainly the syntactic accuracy was 
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analysed. Figures 2 and 3 demonstrate data quality requirements for the data object 
class of Companies House of UK.  

Applying of the proposed approach to company registers’ data led to surprising 
results. Since (1) the defined use-cases are focused on the primary data characterizing 
companies and (2) the main aim of company registers is to collect data about 
companies, it was supposed that the primary data (a) should be complete; (b) can’t 
contain any doubtful or (c) incorrect data. The results showed that the assumption was 
incorrect (see Table 1). 

 
Country Latvia UK Norway Estonia 
 the 1st use-case: company identification 
Name 10 (0.003%) 1 (0.0001%) 0 0 
Registration number 0 0 0 0 
Incorporation date 94 (0.02%)  3 (0.0004%) 9 (0.001%) - 
 the 2nd use-case: company contacting 
Address 366 (0.09%) 7 518 (1%) 68128 (6.2%) 29918 (11.24%) 
Postal code 20498 (5.16%) 12155 

(1.6%) 
14683 (1.3%) 22621 (8.5%) 

Parameters with quality 
problems 

11 (50%) 17 (30.9%) 8 (19%) 7 (50%) 

Table 1: Company Registers’ analysis. Number of data quality defects  

Regarding the first use-case “company identification” only Company Register of 
Estonia didn’t have any quality problems in the analysed data, but the register didn’t 
provide incorporation dates for registered companies, thus the data didn’t completely 
correspond to the defined use-case. Company Register of Norway had 9 invalid values 
of incorporation date; though, names and registration numbers didn’t have any quality 
problems. The Register of Enterprises of Latvia and Companies House of UK had data 
quality problems not only in incorporation dates but also in companies’ names. 
Nevertheless, the presence of these data quality problems does not mean that the data 
from these company registers could not be trusted when a company must be identified 
since the number of detected quality problems were low, and their correction would not 
require much resources. 

In the second use-case, the number of detected quality defects was significantly 
higher. All analysed parameters for all four registers had at least some quality problems. 
Companies House of UK had 4 invalid addresses and postal codes, 7 514 empty 
addresses and 12 151 empty postal codes. In case of Company Registers of Estonia and 
Norway, all numbers provided in Table 1 are related to empty values. However, The 
Register of Enterprises of Latvia contained 3 invalid postal codes (incorrect length of 
values), 20 495 empty postal codes and 366 empty addresses. It means that none of the 
analysed registers may be used to contact every company.  

Furthermore, apart missing values and dubious/ invalid dates, several common data 
quality problems for company registers were highlighted in the result of the extended 
analysis: (1) missing values for field containing (a) abbreviation while text field with 
its explanation is provided and vice versa, (b) ID and textual value; (2) non-allowable 
values.  
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Alternatively, according to [Global Open Data Index, 18], Companies House of 
UK and Company Register of Norway took the 1st place among 94 countries in 2016, 
and this could let to users believe the data sets are of very high quality. Just as in the 
presented example, parameters that characterize company are company name, unique 
identifier or registration number and company address. However, in comparison with 
our research, mainly the correspondence to the “open data” term is evaluated by them. 
What matters here is that data quality isn’t analysed at all. It means, that even very 
highly ranked data sets may have data quality problems as data publishers have not 
spent much effort on analysing the quality of their open data and such services as Global 
Open Data Index don’t check quality of the data sets – this isn’t their aim. The presented 
object-oriented approach could be helpful in such cases as it provides possibility to 
check quality of “third-party” data sets without any knowledge on how these data were 
collected and processed by data publishers.  

During an extended data analysis of Companies House of UK, data quality 
problems were detected in 17 parameters. The most common problem observed in 11 
parameters was empty values in mandatory fields. However, multiple interesting 
quality problems were also detected in fields storing countries’ names 
(“CountryOfOrigin” and “RegAddress_Country”). For example, (1) different names 
denote one country: (a) 926 044 values are “United Kingdom” while 3 – “UK”; (b) 911 
– “United States”, while 1 – “USA” and 1 - “United States of America”; (c) 107 – 
“Virgin Islands”, 1 – “British Vigin Islands” and 22 – “Virgin Islands, British” etc.; (2) 
companies from such non-existing countries as Czechoslovakia, Yugoslavia and USSR 
although the companies were registered after the collapse of these countries. On the one 
hand, in some cases such data quality defects may be insignificant, however, depending 
on the use-case, they may cause inaccurate results and, sometimes, lead to false 
decisions. But the point of these results was not only the fact of quality problems 
presence in the analysed data sets but also the nature of the detected problems. In case 
of problems in fields storing countries names, only the fact of the existence of given 
quality problems was detected. However, at this stage, it is difficult to point out which 
of the previously mentioned values are incorrect. It means that there is no confidence 
that all anomalies and defects in these fields were detected. The proposed approach 
should be extended to perform data quality analysis for multiple data objects.  

6 Conclusions 

Most of existing data quality researches are focused on data quality dimensions, more 
precisely, their definition, grouping and application to real data sets. Unfortunately, 
data quality dimension is very complex concept that requires deep knowledge not only 
in IT but also in data quality area. Exploration of data quality dimensions in case of 
every particular data quality research is unreasonably resource-consuming process. 
Moreover, the degree of understanding of what particular dimension means in scope of 
the particular research impacts the results of analysis. It means, that these approaches 
aren’t suited for non-IT and DQ-experts.  

One of the main ideas of the proposed data object-driven approach is to substitute 
the data quality dimension concept with more general and comprehensive concept of 
“data quality requirement”. As a result, users don’t need making in-depth research on 
data quality dimensions, their meaning etc. Users may focus on the data they want to 
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analyse and quality requirements that must be applied to the defined data object in order 
to evaluate the quality of the data set only. The obtained practical results prove that this 
substitution was appropriate.  

The second point of the proposed approach is the use of graphical DSLs for 
defining of components. This also should positively impact non-IT and non-DQ user-
experience since the diagrams are easy to create, read and modify, and this also support 
users’ interaction. This paper explains why the graphical DSLs is the best option for 
this purpose. 

The third point is that the core of the proposed implementation mechanism is the 
use of informal PIM and executable PSM models. PIM and PSM models can be used 
to define every component of the proposed data quality model. This approach allows 
describing data quality at two levels of abstraction: (1) informally, using natural 
language and (2) formally, including executable artefacts. This ensures successive 
specification/ detailing of data quality model.   

As a result, the proposed approach is intuitive and therefore suitable for non-IT and 
non-data quality experts. Although the approach was mainly applied to open data sets, 
it can also be tailored for analysis of structured and semi-structured data. The analysis 
of open data sets is just am example to demonstrate how easily “third-party” data can 
be analysed in accordance with particular users’ use-cases without an involvement of 
data holders. This was achieved as the proposed data quality model describes data 
quality independently from the IS that accumulates the data. 

 And the last but not the least significant point is that the results of application of 
the proposed approach demonstrate that (a) open data have numerous quality issues 
even in primary data, since data quality issues were detected in 84% of analysed data 
sets, (b) the proposed approach is suitable for identifying of data quality problems, and 
as a result for (c) overall data quality of open data could be improved when data is 
inspected from different perspectives in the context of numerous use cases.  

7 Future Work 

As follows from the results of the appliance of the proposed solution to open data, the 
research should be continued in order to provide easier and more effective way to 
analyse data quality in context of multiple data objects. This possibility will provide 
many different possibilities that currently aren’t available or aren’t user-friendly 
enough. Such an extension would ensure reusability of these data for further quality 
analyses of other data sets. First steps to solve this problem were already taken in 
[Nikiforova 19b], however, there is a lot of space for further research, including 
approbation of the proposed solution for complex data object’s structures. As a result, 
detection of possible limitations of the proposed extended approach will be possible. 

Moreover, the further research will be focused on proposal of data quality theory, 
the initial version of it is already outlined in [Bicevskis, 19]. 
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