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Abstract

This paper elaborates on the way quality should be taken into account in the development of Spatial Data Infrastructures (SDIs).

A variety of quality concepts are described using four quality management viewpoints, i.e. a production-centred, planning-centred, customer-centred and a system-centred perspective.  All views are argued to be important from the SDI’s point of view. 

New ideas are introduced and discussed on how quality should be managed in the national SDI programmes. These include quality models for data production, quality accreditation, certification and auditing.

Finally we will discuss the benefits of introducing quality into the SDI programmes. It is pointed out that a considerable part of this paper is based on Jakobsson’s dissertation  (2006).
Introduction

The main argument in this paper is that the information management principles, like quality management principles, are essential for the implementation of Spatial Data Infrastructures (SDIs).  The term Spatial Data Infrastructure is described in the SDI Cookbook (Nebert, 2004) as “the relevant base collection of technologies, policies and institutional arrangements that facilitate the availability of and access to spatial data”. Current interoperability and the SDI programmes have not clearly identified quality as a major issue. Most of the efforts concentrate on solving interoperability issues at data or system level, ignoring organizational issues. Quality is often regarded as one of the metadata labels, which can be addressed by reporting it to the users. However, if users wish to combine multiple sources, quality has a major role. We may consider that geographic information production and processing are getting into the era, when information can be exchanged and combined very easily. Therefore, the quality management of geographic information could naturally be assumed to play a more important role in the near future. This trend is exemplified by the fact that the European Parliament, Council and Commission have agreed on the content of the directive for the European Spatial Infrastructure (INSPIRE) and the European countries have to implement this legislation by 2009. 

Harmonization is one of the major challenges concerning the implementation of SDI and a special challenge for INSPIRE. The harmonization process should include a description of a common scheme with quality requirements. The quality requirements are not commonly described in this context, while ISO 19113 and ISO 19114 standards can be utilized for the description thereof. 

A successful harmonization example in the area of geographic information is the hydrographic community. The “IHO Standards for Hydrographic Surveys” are promulgated in the Special Publication 44  [S-44] (IHO, 1998), which includes guidelines for quality control and quality requirements in different survey orders (four categories) (Mills, 1998).

Concepts on Quality of Geographic Information

Quality can be described from different viewpoints Garwin (1988) and Lillrank (1998). Here geographic quality concepts are discussed using four viewpoints presented by Lillrank:

1. A production-centred perspective focusing on variations in the production process where the most common measure is the number of defective or non-conforming products.

2. A planning-centred perspective focusing on the characteristics of products.

3. A customer-centred perspective focusing on the value of products and services to the customer.

4. A system-centred perspective taking into account all stakeholders who are influenced by the organization or its products oriented quality.

Figure 1 illustrates how different approaches of geographic information quality can be categorized using the quality management viewpoints. Quality can be defined as fitness for use, including both quality of design, conformance to the design (production oriented quality), customer satisfaction and the fulfilment of the needs of society or environment.

Most of the quality descriptions of spatial data have been developed to serve the production-oriented approach. ISO 19113 and ISO 19114 standards follow this approach based on the data quality concepts developed already in the 1980’s (e.g. Chrisman, 1982; Goodchild & Gopal, 1989; Buttenfield, 1993; Guptill & Morrison, 1995; Goodchild and Jeansoulin, 1998), on earlier standards like the Spatial Data Transfer Standard (SDTS) (FGDC, 1991) and CEN pre-standard on quality in 1998. We can name these efforts as ‘truth-in-labelling’ and regard them also to be based on the production-centred view of quality.

Data analysis is often important for the users. Predicting how analysis process influence to quality is often necessary.  Error propagation methods have described e.g. Veregin (1989) and Heuvelink (1998, 1999). Uncertainty in geographic information also relates to the conception process (both user and producer) and analysis and representation of geographic information. For well-defined features, uncertainty can be considered to be caused by errors in measurement process, and then statistical methods (probability) can be utilized to assess the uncertainty. For poorly defined features, uncertainty may be caused by vagueness or ambiguity of features. These types of uncertainty has been discussed by Fisher (1999), Plewe (2002), and Virrantaus & Laine (2003). Uncertainty analysis is essential when analysing risks (e.g. van Oort, 2006). 

Visualization of uncertainty is a method for increasing the users’ understanding of uncertainty. Several methods for the visualization of uncertainty have been developed (e.g. MacEachren, 1992; Buttenfield, 1993b; McGranaghan, 1993; Monmonier, 1993; Fisher, 1993; Beard and Mackaness, 1993, Buttenfield and Beard, 1994; Beard and Buttenfield, 1999; Drecki, 1999). Ahonen-Rainio has discussed visualization of metadata in her dissertation (2005) and Ahonen-Rainio and Kraak (2005) suggested the use of a sample map in the selection process of geospatial data. MacEachren et al. (2005) have discussed the status in visualization of geospatial information uncertainty and presented a comprehensive review of recent efforts.  More specifically they presented a review of typology efforts for uncertainty and suggested a typology, in which three new elements, i.e. credibility, subjectivity and interrelatedness, are added. These new elements are related to the reliability of information and data usability.

Usability is another viewpoint, which has its roots in engineering, especially in software development (e.g. Nielsen, 1993). ISO standard 9241 is often used in this context. Wachowicz and Hunter (2003) and Hunter, Wachowicz and Bregt (2003) have discussed the possible elements for data usability. Data usability is an important aspect in application and user interface development. Rönnbäck (2004) has described methods useful in data quality assessment related to spatial analysis and especially the evaluation of data usability in the decision-taking phase. 

In the system-centred view SDIs and information management are essential. Common quality requirements are needed for harmonizing reference datasets; they will be discussed later. 

Customer satisfaction surveys are used for evaluating the finished applications. Quality function deployment, which is a common tool in quality management, might be utilized in transforming the users’ quality requirements to specifications. Jahn (2004) has discussed this in the context of geographic information.
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Figure 1.  Different approaches to geographic information quality from the quality management viewpoint

Quality and SDI programmes

Since 1994 starting from the US nearly every industrial country has developed a strategy for a SDI.  Masser (2005) summarizes the four key concepts underpinning all SDIs: 1) maximize the use of geographic information, 2) co-ordinated action required from governments, 3) SDIs must be user driven and support decision making, 4) implementation involves technical, institutional, policy and resource aspects. In Europe the INSPIRE directive will play a key role in the implementation of national SDIs.

The components of SDI are conventionally considered to be administration and technology. Administration includes organizations and people, policy or strategy. Technology includes the concept of core/reference/framework/fundamental datasets, technical standards and an access network (Figure 2). It follows the same principles as an organization described as a system, Jackson (1990).
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Figure 2. Components of SDI (Jakobsson, 2006)

Reference datasets are series of datasets that everyone involved with geographic information uses to reference his/her own data as part of their work. They provide a common link between applications and thereby provide a mechanism for sharing knowledge and information amongst people (FGDC, 2005; Rase et al., 2002)

Masser (2005) and Williamson et al. (2003) argue that the second generation of SDIs began around 2000. Masser (2005) and Williamson et al. (2003) summarize the current trends in SDI development as follows:

1) From a product to a process model

From data producers to data users

From database creation to data sharing

From centralized to decentralized structures

2) From formulation to implementation

From co-ordination to governance

From single-level to multilevel participation

From existing to new organizational structures

If we consider how quality should be taken into account in a SDI programme, we can apply the four viewpoints of quality as follows:

1) A production-centred approach. Producers of geographic information should apply the quality control methods and evaluate quality. ISO 19113, ISO 19114 and ISO 19115 standards can be used in this process. 

2) A planning-centred approach. Quality is considered from the usability point of view. Error propagation and simulation can be used to evaluate quality in different options. 

3) A customer-centred approach. In some domain areas risk analysis is very important. Which are the consequences of using certain combinations of data? User requirement studies and customer satisfaction surveys may be executed.

4) Asystem-centred approach. Harmonization of the reference datasets and interoperability are important concepts. Reference datasets should be of uniform quality.

These different viewpoints are all important from the SDI’s point of view.  There is a need for reference datasets of uniform quality, and the quality should be evaluated and reported. Application development should consider usability and the quality requirements should be based on the customers’ requirements.

It is suggested that a Data Quality Model should be described in a SDI programme. The Data Quality Model for a reference dataset should include and describe the following elements:

1. Common quality measures should be described using standard quality measures.


Applying ISO 19138 quality measures can carry this out. An agreement of the quality measures should be achieved within the community responsible for the reference dataset.

2. Quality requirements should be described using common quality measures based on user requirements.


User requirements should be analysed and then converted into quality requirements. Producer community should then agree on common quality measures.

3. Production processes should be documented, and recorded results of quality control should be available.


Quality management principles should be applied. ISO 9000 is considered as a good starting point.

4. Independent evaluators should conduct quality evaluation of the results.


Use of independent evaluators makes sure that the results are reliable. ISO 19114 can be utilized to build an evaluation programme. For positional accuracy there are some standards that may be applied (e.g. STANAG 2215). 

5. Both management of reference datasets and production methods should be accredited.


At present accreditation is not a common practice but it may lead to increasing productivity and quality. Ordnance Survey of Great Britain has applied this in its production processes.

6. Quality requirements and results should be reported as metadata.


For reference datasets two different quality information categories exist. ISO 19115 standard provides a framework for metadata. Metadata should contain information about the intended quality, i.e. information about quality requirements and actual quality results achieved by quality evaluation. Evaluation metadata constitutes normally a separate report.

The Eurogeographics Expert Group on Quality has published a guideline on implementing the ISO 19100 quality standards in National Mapping and Cadastral Agencies (Jakobsson, Giversen, 2007). This guideline can be utilized in the SDI programmes as well.

It is foreseen that the customer’s requirements for knowledge about quality in geographic information will increase. An example of this is the emerging of services for quality auditing (Gervais et al, 2006). Quality auditing can be defined as a systematic method through which one defines, collects and analyses information on a geographic dataset mainly associated with the customer’s/user’s needs in order to make an objective judgment and/or a decision concerning the usability of this dataset. Auditing provides an expert independent third party opinion of the data to the customer. However, it may only be applicable in certain contexts, where users are willing to invest in this service. 

National mapping agencies use (sub)contractors for producing datasets besides their own ‘internal’ production, and it is important to introduce quality management for controlling the whole process. Quality accreditation is such an approach. Quality accreditation refers to a procedure that allows a geographic data producer to give recognition to its suppliers, both external and internal, and to indicate that they are capable of delivering data of the required quality level, on time, in necessary volumes and at the right cost. Another approach is quality certification, which is a third party attestation, demonstrating that adequate confidence is provided that a duly identified product, process or service is in conformity with a specific standard or other normative document.

Benefits of quality in SDI programmes
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Figure 3. Potential gain of proposed model to society and users (Jakobsson, 2006)

Figure 3 illustrates the potential benefits, which may result in harmonization and introduction of information management principles for reference datasets. At Level I, technical interoperability is achieved by using standards like Web Map Service (WMS) or Web Feature Service (WFS). Problems related to content and quality remain. At Level II, the content of reference datasets is harmonized enabling the combination of local, regional, national, European and global reference datasets. Metadata carries quality information that enables usability analysis. At Level III, compatibility at process level is achieved. Data quality is harmonized and common quality indicators are used. Common pricing and licensing policies will enable easy access to reference datasets. Reference data has been described in the legislation providing the reference data producers with a clear mandate. Benefits to society increase from Level I to Level III because harmonization and process levels will decrease duplicating resources in the maintenance of reference datasets. Integrated maintenance and production processes will encompass many organizations. Productivity and data quality will increase.  Benefits to users increase from Level I to Level III because reference data will be used more, providing new services, which will enable cost savings.
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