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Abstract 

 

 Metadata is an important part of any Spatial Data Infrastructure (SDI). Without proper and 

sufficient documentation of spatial data, resources are lost when pre-existing data has to be recreated or 

if data sets overlap. At the same time, creating and updating metadata can be a resource intensive task. 

Lantmäteriet seeks to optimize the creation and updating of metadata according to the new INSPIRE 

directive, as well as the Swedish National Geodata Strategy.  

 INSPIRE (Infrastructure for Spatial Information in Europe) seeks to increase cooperation 

between nations in Europe through harmonization of certain spatial data themes, increased data and 

software interoperability, as well as the creation of a European spatial data infrastructure.  INSPIRE 

lays the judicial foundation for this European cooperation. Sweden has been involved with INSPIRE 

since May 15
th

 2009. 

This thesis is aimed at developing the most optimal business process model for how the 

Swedish Mapping, Cadastral, and Land Registration Authority (Lantmäteriet) can create and update 

metadata according to the new INSPIRE directive based on best practice case studies and extensive 

literature review. The European Commission (EC) INSPIRE directive will be fully implemented in 

2010. Furthermore, a survey of current metadata practices has been carried out to establish a starting 

off point for metadata creation at Lantmäteriet as well as a best practice business process model using 

ArcGIS Desktop. 

Keywords: metadata, GIS, INSPIRE, SDI, business process model 
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Definitions 

 

ArcObject 

A development environment of the ArcGIS family of applications. It uses Visual Basics for 

Applications (VBA) to allow developers to extend the ArcGIS family applications (Burke, 2003) 

Application 

An application (or application program) is a program that gives instructions to a computer that 

subsequently provides the users tools to accomplish a task (WordNet®, 2010). 

Automatic updating 

Updating that occurs with minimal human involvement (WordNet®, 2010).  

Business model  

The business model is the business logic of an organization. Shows the products and services offered 

by an organization and how they are created (Larsson, Ljungberg, & Roos, 2001). 

Cadaster 

A register showing the ownership of land for tax purposes (WordNet®, 2010) 

Catalog  

Collection of metadata entries managed in one place (Global Spatial Data Infrastructure, 2004). 

Catalog entry  

A single metadata entry available through a catalog service or stored in a catalog (Global Spatial Data 

Infrastructure, 2004). 

Crawler 

A crawler is a program that browses the World Wide Web in an automated, methodical way by 

following the links on web pages (Chakrabarti, van den Berg, & Dom, 1999).  

Data management 

The process of planning, coordinating, and controlling data resources (Hutchings, 1997). 
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Data mining 

The process of extracting relevant information or patterns from a large body of data (Han & Kamber, 

2006). 

Data store 

On-line or off-line repository of data sets (Global Spatial Data Infrastructure, 2004). 

Data warehouse 

A data store of data from various sources made available to end users in a way they can understand and 

use (Devlin, 1996). 

E-government  

The online delivery of information and services by government through the Internet (Ting, 2003). 

Extensible Markup Language (XML) 

A document creation language created by the World Wide Web Consortium to replace HTML 

(cknow.com, 2009). 

Extensible Style Language (XLS) 

Style sheets for use with XML, originally derived from CSS (Arms, 1999). 

Extensible Stylesheet Language Transformation (XSLT)  

A language for transforming XML documents into other formats like XHTML (W3C, 1999). 

Geodata 

Another word for spatial data (i.e. any data that can be mapped) (ESRI, 2006). 

Geographic Information 

Information concerning information associated with a relative location on earth (New Zealand 

Geospatial Office, 2009). 

Geographic Information System (GIS) 

A computer system that is capable of assembling, storing, manipulating, and displaying spatial data 
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(ESRI, 2006). 

Geographic Markup Language (GML) 

An XML encoding for transport and storage of spatial data and non-spatial attributes (ISO, 2007). 

Geospatial Data Catalogues 

Systems that use metadata as the target for query on raster, vector, and tabular geospatial information 

(Global Spatial Data Infrastructure, 2004).   

Global Spatial Data Infrastructure (GSDI) 

Created to ensure that SDIs can work together to maximize the benefits of these programs through 

promoting and sharing best practices (Global Spatial Data Infrastructure, 2004).  

Harvesting 

Harvesting refers specifically to the gathering together of metadata from a number of distributed 

repositories into a combined data store. This can be metadata automatically generated or retrieved from 

a remote location by computer generated programs (American Library Association, 2002; Open 

Archives Forum, 2003). This term is not used in the thesis since the author considers it a limiting term 

to the idea of metadata creation and updating. 

Infrastructure for Spatial Information in Europe (INSPIRE) 

The INSPIRE directive, or INSPIRE, lays down a general framework for SDI in the European Union 

for the purpose of coordinating environmental policies or activities that might have an impact on the 

environment. The INSPIRE directive entered into force on the 15
th

 May 2007 (Official Journal of the 

European Union, 2007). 

Interoperability 

The ability to communicate, transfer data, or execute programs among various units in a way that does 

not require the user to have extensive knowledge of the unique characteristics of those units (Imperial 

College London, 2009). 
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Metadata 

Metadata is simply data that describes other data, such as the origins and changes to data (New Zealand 

Geospatial Office, 2009). The very general definition of the term includes a great number of different 

types of data about data e.g. human textual description or machine generated data. 

Metadata entry  

Metadata that specifically relates to a data set (Global Spatial Data Infrastructure, 2004). 

Metadata schema 

Schema describing metadata organization and dependencies (ISO, 2002).  

Ontology 

A controlled, hierarchical set of vocabulary for defining a system of knowledge (Garshol, 2004). 

Resource Description Framework (RDF) 

RDF is a standard model for interchange of data over the internet (W3C, 2010). 

Schema 

A formal description of a model (WordNet®, 2010). 

Semantic network 

A network that represents semantic relations among concepts. It is a form of knowledge representation. 

Semi-automatic updating 

Updating that is partially manual and partially automatic (author's definition). 

Service 

A synonym for function and it is a specific processing activity or a set of processing activities that an 

object is responsible for exhibiting (WordNet®, 2010).  

Spatial data 

Data that define a location or can be linked to locations in geographic space (GISIND.COM, 2010). 

Spatial Data Infrastructure (SDI) 
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SDI is often used to refer to the collection of technologies, policies, and institutions that facilitate and 

promote the access and availability of geographic data. Organizational agreements are required to 

administer it on a local, regional, national, and or trans-national level. An SDI must be more than a 

single data set or database. SDI usually contains geographic data, attributes, metadata, tools to visualize 

and evaluate the data (catalogs and Web mapping), and some way to administer and access the data 

(Global Spatial Data Infrastructure, 2004). 

Standard Query Language (SQL) 

A database access language (Internet FAQ Archives, 2008). 

Thesaurus 

In the context of metadata, a thesaurus is a tool for organizing and retrieving information (Global 

Spatial Data Infrastructure, 2004). 

Universally Unique Identifier (UUID) 

A UUID is a 16-byte (128-bit) number. It is an identifier often used in software creation (Distributed 

Computing Environment, 1996).  
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1. Introduction 

 

1.1 Background 

 Metadata (Greek, meta= ‗change‘), or data about data, allows us to search for and evaluate data 

from different organizations and within organizations. Most organizations posses‘ metadata, but it may 

not be structured in a standardized manner. The lack of coherence of metadata among data users and 

producers makes it difficult to find and compare or share metadata. With improved access to data and 

increased methods of sharing data on line, the demand for structured data is also increasing 

(Williamson, Rajabifard, & Feeney, 2003).  

 The problems today regarding data are numerous. There is a lack of consistency of data, a lack 

of structure, lack of approved terminology, lack of knowledge of metadata, and a lack of easy-to-follow 

guidelines. For data to be successfully shared between users and producers, it must first be described so 

that it can be understood by those that had no hand in creating the data in the first place (Global Spatial 

Data Infrastructure, 2004).  

 At the national level, Sweden is currently implementing a national geodata strategy approach, 

where the Swedish Mapping, Cadastral and Land Registration Authority (Lantmäteriet) has been 

appointed as the coordinator. The geodata strategy is pushing for every organization to structure their 

own metadata using standardized description (SS-EN ISO 19115: 2005) and standardized terminology 

(determined by the Swedish Standards Institute, SIS). At the international level, the European directive, 

Infrastructure for Spatial Information in Europe, INSPIRE, has decreed that structured metadata shall 

be available for some specific data themes in 2010 and then for some additional data themes in 2013 

(INSPIRE, 2007; Lantmäteriet, 2008).   

 The INSPIRE directive establishes a European data infrastructure and common measures 

addressing the exchange, sharing, access, and use of public spatial data and data services. One of these 
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objectives is to create a national metadata catalog with an effort toward building metadata on a national 

scale. Metadata must by law be created for all data sets and services covered by INSPIRE (INSPIRE, 

2007; Lantmäteriet, 2008).  

 The growth of a national spatial data infrastructure has led to the need for research on how 

metadata should best be maintained and updated while complying with INSPIRE. The benefits from a 

national metadata catalog could potentially be very large, but metadata needs to be created using as 

little labor input as possible to minimize project costs (Williamson, Rajabifard, & Feeney, 2003). 

1.2 Aim and purpose 

1) Outline current research and good practices in the area of metadata, metadata creation, and 

INSPIRE. Place the current research in context of previous research and point to a gap in the literature 

(ch. 2). 

2) Survey/interview people working with metadata at Lantmäteriet. Discuss problems of complying 

with the INSPIRE requirements for metadata today with current work flow (ch 4.1). 

3) Test semi-automatic and automatic metadata updating using ArcCatalog and to study how it may be 

implemented into future processes at Lantmäteriet. Furthermore, to determine how comprehensive 

ESRI's tool is for INSPIRE (ch 4.2). 

4) Create a business process work flow for how metadata should ideally be updated in the future at 

Lantmäteriet (ch 4.3). 

 In the scope of the given research project, current metadata creation practices will be outlined 

through a survey and interview at Lantmäteriet. The goal of the survey and interview is simply to 

establish a benchmark for how metadata is created so that the strengths and weaknesses of that process 

can be used to create a future work flow that takes into account best practices as well as aims to comply 

with INSPIRE. However, since metadata creation has had a relatively low priority at Lantmäteriet, the 

project will also evaluate how well an existing metadata editor in ArcCatalog, part of ArcGIS Desktop 
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9.3 suite, can comply with the requirements of INSPIRE. Therefore, ArcCatalog will be evaluated 

using data from Lantmäteriet and weaknesses of its metadata editor will be discussed. ArcCatalog will 

also be used to create a process description of how ArcCatalog could best be used to create metadata. 

Note, the process model was intended to be created using the Microsoft Visio environment/framework. 

However, the author could not find a work flow that coincided with the flow charts used by Larsson, 

Ljungberg, and Roos (2001), leading to Microsoft Office PowerPoint to be used instead. 

 The goal of this thesis is to design a model for automatic and semi-automatic metadata creation 

and updating using Business Process Modeling (BPM). BPM is the representation of current ("as is") 

and proposed ("to be") project processes, so that they may be compared and contrasted. By comparing 

and contrasting current and proposed project models, one can identify specific process transformations 

that can result in quantifiable improvements. Furthermore, a current best practice model using 

ArcCatalog, a system specific example, will be designed to outline the challenges faced today to meet 

metadata standards. 

 This research topic is important for many different reasons. INSPIRE is set to soon be 

implemented at all government organizations in Sweden, and complying with INPIRE will be Swedish 

law. However, since there has been very little previous experience with creating metadata at the 

national level, many institutions are struggling with how best to comply with INSPIRE. Furthermore, it 

could be very costly to implement metadata creation, so efficient and effective methods for doing so 

need to be found and evaluated. An ideal method for how metadata could best be created will be 

proposed. Metadata creation could potentially be very costly and labor intensive, it is therefore 

imperative that costs are kept at a minimum. 

 

1.3 Delimitations 

 In the creation of this project, ESRI ArcGIS Desktop and Microsoft Office were two main 
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software used. The literature addressed in the paper includes Business Process modeling (BPM), best 

practices in metadata creation, overview of spatial data infrastructure, and the role of metadata. 

 Not included in the project is any evaluation of different metadata editors or any programming 

of new metadata editors. Neither was the aim of this thesis to analyze the current metadata creation and 

updating at Lantmäteriet, or to compare it to any other metadata practice. The project is also limited in 

scope by being carried out during a ten week period, which constraints the depth the project could go 

into. Lastly, the National Land Survey, SGU and other organizations work to construct a metadata 

editor for the National Geodata Portal but it is not referred to in this thesis since it is not yet finished. It 

is thought it will be put into operation some time during 2010. 

1.4 Organization of the thesis 

 The thesis is organized in the following way. Chapter one gives an introduction to the research 

framework. It contextualizes the need for metadata and for implementing a geodata strategy in Sweden. 

Furthermore, the aim and purpose of the thesis is stated. 

 The first part of chapter two provides background information on spatial data infrastructures, 

and underlines the increasing need for quality metadata in today‘s society. It also shows how spatial 

data infrastructures are becoming essential to economic development. The second part of chapter two 

consists of background and theory on metadata. It also states the benefits of metadata and metadata 

standards and sketches current problems of creating and maintaining metadata records. The third part 

of chapter two gives a background to the standard chosen for this topic, Infrastructure for Spatial 

Information in Europe (INSPIRE), and explains challenges to creating metadata using the INSPIRE 

metadata standard. Lastly, the third section also gives a background to Lantmäteriet and to the role 

played by the author in the project. 

 Chapter three describes the methods and materials used in the thesis. First, a survey and 

interview were used to gather background data on the metadata situation at Lantmäteriet in Gävle. 
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Second, ArcCatalog application was used to create a current best practice work flow for metadata 

creation and maintenance using data from Lantmäteriet, while conforming to the INSPIRE directive. 

Third, research on case studies across the world was used to give an idealized version of how metadata 

creation would be able to be updated in the future at Lantmäteriet.  

 Chapter four provides the results and findings of the research project. An analysis of the survey 

and interview is provided as well as two business process models; the first model shows how 

ArcCatalog could be implemented presently at Lantmäteriet and the second model shows future 

methods of creating and maintaining metadata – i.e. a long term strategy for metadata.  

 Chapter five discusses problems and challenges in the thesis, as well as possible alternatives to 

the results provided, such as maintaining metadata accessible to RDF. Furthermore, future directions of 

metadata development are speculated. 

 Chapter six draws conclusion the results and discussion in the two previous chapters. Lastly, 

chapter seven points to possible future work. 
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2. Theory and Background 

2.1 The Role of Spatial Data Infrastructure 

2.11 The need for spatial data 

 The term 'spatial' is often misunderstood as relating to ―space‖, such as activities or 

technologies in space. In fact, spatial data is information related to a location on earth, such as cultural 

and human resources and natural phenomena. Examples of spatial data are topography, place names, 

hydrography, and administrative boundaries (Executive Order, 1994). Spatial data is needed to establish 

the position of features and activities on the surface of earth. Knowledge of the location of a feature or 

activity is important for three main reasons. First, knowing where one activity is located allows it to be 

linked to other activities or features that occur in the same area or nearby areas. Second, locations mean 

that distances between these features or activities can be calculated, maps can be created based on these 

features or locations, directions can be derived, and decisions can be made about issues that involve 

these features or activities (Mapping Science Committee, 1995). 

 Furthermore, spatial data is pervasive in today's society. Studies have found that approximately 

80% of government data has a locational basis (Lemmens, 2001). Examples can be found at all levels 

of government and include such things as land-use planning, new schools, emergency management, 

and economic development (Mapping Science Committee, 1997). There is thus an emergence of a 

spatially enabled information society. There are currently two major forces pushing for the 

development of spatial data. First, there is a growing need for government and private sectors to 

improve their decision making and increase their efficiency with the help of spatial analysis (Gore, 

1998). Organizations, agencies, and departments in all levels of government, private and non-profit 

sectors and academia throughout the world spend billions of SEK each year producing and using 

spatial information (Global Spatial Data Infrastructure, 2004). Second, communication technologies 

(such as wireless applications and the Internet) are revolutionizing methods of maintaining, 
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disseminating, and accessing large quantities of spatial data.  The advancement in geographic 

information technologies has made the capture of digital spatial data a relatively quick process, such as 

satellite imagery with digital imaging processing techniques as well as using global positioning systems 

(GPS) (Lillesand, Kiefer, & Chipman, 2003).  

 Spatial data are also a driver of commercialization as it is increasingly becoming available for 

public use, especially spatial data sets at medium to large scales e.g. topography, street addresses, and 

road networks that are frequently used in GPS, on the Web, and by local government (Williamson, 

Rajabifard, & Feeney, 2003). Commercialization of geodata is also important to the market of data as it 

drives efforts – metadata and SDI are meant to reap benefits to society through increased productivity 

and efficiency and commercialization is part of this development (Williamson, Rajabifard, & Feeney, 

2003; Delavar, Rajabifard, & Rezayan, 2003). 

 Spatial data infrastructures (SDIs) are changing to take advantages of these changes in 

technology and to meet the new demands from society. Although there are a myriad of definitions for 

SDI, the core concept is that it consists of technologies, policies, standards, and users necessary to 

acquire, process, store, distribute, and administer spatial data. Spatial information underpins SDI as 

SDI allows spatial information to be integrated and accessible within a complex digital environment, as 

seen in figure 1 (Global Spatial Data Infrastructure, 2004). Furthermore, for the last few years, nations 

have made unprecedented investments in information and the means to assemble, store, process, 

analyze and disseminate it (Groot and McLaughlin, 2000). Crompvoets and Bregt, at their time of 

writing, stated that out of 192 counties, 120 were working on their own national spatial data 

infrastructure (NSDI) (Crompvoets & Bregt, 2003). The origins of spatial data infrastructure efforts can 

be attributed to the expansion of geographic information systems into a distributed and cooperative 

environment, from both a technical perspective and taking into account cooperative policies among 

different organizations (public or private) at different levels.  
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 SDI is important for determining how spatial data is used in an organization, nation, different 

regions, and the world, since SDI includes such factors as standards, policies, and users (Craglia & 

Annoni, 2006).  

Figure 1 shows the nature and relations between SDI components (adopted from Rajabifard et al.2002). 

Figure 1 Outline of a Spatial Data Infrastructure 

 

(Image taken from Masser, 1998) 

 Use of spatial data and the expansion of spatial data applications are the key factors behind the 

jurisdiction-wide policies regarding the development of SDI. The ultimate objective of SDI initiatives 

is to promote economic development, to stimulate better government, and to foster environmental 

sustainability (Masser, 1998).  

2.12 NSDI in Sweden today 

 Sweden is one of the countries that Cromproets and Bregt (2003) referred to through the 

creation of the Swedish National Geodata Strategy. The strategy aims at mapping out the provision of 

geodata in the geodata sector in Sweden, an effort which will be completed in 2010. Sweden‘s National 

Geodata Strategy is also at the same time a part of a regional SDI – EU's INSPIRE (Lantmäteriet, 
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2008).  

 In Sweden, spatial information is still characterized by fragmentation, gaps in availability of 

geographic information (GI), duplication of information collection, and problems of identifying, 

accessing, or using data that is available. These factors cause problems for effective policy making and 

assessment, which are very important for key policy issues, such as the environment (Wiberg, 2002). 

 Geographic information in Sweden is collected mainly at the national level and the municipal 

level. The Swedish approach regarding the capture, storage, and use of data (especially geographic 

data) is based on a common understanding of the need for cooperation between responsible agencies, 

including the creation of efficient links between national, regional, and local levels (Wiberg, 2002).  

 As part of this larger effort, Sweden is also part of many European initiatives aimed at creating 

SDI policies. The 2003 Directive on Public Sector Information mentions the role of the public sector in 

collecting, producing, reproducing and disseminating GI. Against this backdrop is the establishment of 

an Infrastructure for Spatial Information in Europe (INSPIRE) with the objective of supporting 

environmental policies that affect the environment. It aims at making available relevant, harmonized, 

and quality GI to support formulation, implementation, monitoring, and evaluation of community 

policies with a territorial impact. INSPIRE is attempting to trigger the creation of a European Spatial 

Data Infrastructure (ESDI), using National Spatial Data Infrastructures (NSDI) as the base.  

The ESDI will be based according to the following core principles: 

 Data should be collected once and maintained at the level where this can be done most 

effectively. 

 It must be possible to combine spatial information from different sources across Europe and 

to share it between many users and applications. 

 It must be possible for information collected at one level to be shared between all the 

different levels. 
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 GI needed for good governance at all levels should be abundant and widely available under 

conditions that do not restrain its extensive use. 

 It must be easy to discover which GI is available, fits the need for a particular use, and 

under what conditions it can be acquired and used (Global Spatial Data Infrastructure, 2004) 

2.13 Sharing spatial data 

 Organizations share data to avoid duplication of expenses that are associated with the 

generation and maintenance of data and their integration with other data. Geographic Information 

Systems (GIS) are common tools for storing, managing, and utilizing spatial data. GIS benefits are 

increased by data sharing among organizations. Often the spatial data for one application can be used in 

others, thus saving money by sharing data sets (Executive Order, 1994).  The sharing of data can also 

improve data quality by increasing the number of individuals who find and correct errors. Resources 

that would otherwise be used to collect repetitive data can then be diverted into quality control, data 

management, and collection of other necessary data (Lemmens, 2001). Sharing data thus: 

- Generate knowledge 

- Provide added value to identify problems 

- Assist in proposing alternatives 

- Define a course of action 

- Improve government transparency 

2.16 SDI and Metadata 

 According to The SDI Cookbook, the future success of SDIs will depend on hardware and 

software interoperability, intelligent design of spatial databases, and efficient administration of data, 

high data dissemination, and guaranteed spatial data quality. Metadata and catalogs are the basic 

components that facilitate the accessibility and interoperability of the resources and services offered by 

a spatial data infrastructure. Metadata records are published through catalog systems (Global Spatial 

Data Infrastructure, 2004).  
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 Spatial data quality is commonly dependent on the existence of high quality metadata. 

Therefore, as SDIs are evolving, the need for metadata increases.  The role of metadata is then very 

much tied into the role of SDI, while future development of SDI is also dependent on metadata 

becoming increasingly available to the public (Williamson, Rajabifard, & Feeney, 2003). 

2.2 Metadata 

2.21 Background to metadata 

 The usefulness of spatial data in part depends on how accurate and up-to-date it is. This 

information about data is provided through its metadata. Metadata is structured data about data, such as 

information on author, publication date and type of data (ESRI, 2006). Usefulness of spatial data is also 

linked to accessibility of the data. Metadata is used when users query for data – thereby allowing 

people to access information on data through the Web (Williamson, Rajabifard, & Feeney, 2003). In 

academia, books and articles on spatial data infrastructure (SDI) still largely ignore, or gloss over, the 

role of metadata, e.g. Williamson, Rajabifard, & Feeney, 2003. In practice, however, metadata has 

grown in acceptance with the popularity of the Web, but metadata has existed for as long as collected 

information has been organized (American Library Association, 2002). Library catalogs are a common 

example of metadata. Map legends are another type of metadata as it states the publisher, publication 

date, type of map, scale, spatial reference, etc. There are three generalized types of metadata: 

 Discovery metadata: contains the minimum amount of information needed to convey to the inquirer 

the nature and content of the data (what, who, when, why, where, and how – like the abstract of an 

article); 

 Exploration metadata: provides enough data to enable an inquirer to decide whether data is fit for a 

specific purpose; 

 Exploitation metadata: includes the characteristics necessary to access, transfer, load, interpret, and 

apply the data in the end application (American Library Association, 2002) 
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2.22 Benefits to having metadata 

 The role of metadata in communicating the quality, currency, custodianship and other 

information about the content of datasets is an area of underdevelopment in spatial data documentation, 

management, custodianship, and user understanding. Historically, geodata has also been poorly 

documented in a standardized way for a number of reasons. GIS users used to create their own data sets 

even when data was available to them because they may not have been aware of suitable data, access 

could be difficult, a lack of tradition of sharing data between organizations, or the data could have been 

hard to export from one system to another (RAND, 2005).  

 The long-run value of geodata is dependent on documentation. Data must include robust 

metadata enabling users to effectively mine and use existing databases. Tosta (1999) believes that the 

value of metadata to infrastructure and systems development will continue to grow and will become of 

increasing significance to data maintenance, despite the complexity of current metadata standards and 

the expense of their development and implementation. Metadata is evolving to be of critical importance 

to supporting spatial data transactions, business activity, and resource organization within the spatial 

data community. 

Metadata is important as it promotes the availability of geographic information beyond the GIS 

community. It helps to organize and maintain an organization‘s investment in data, and it can provide 

information about an organization‘s data holdings through the creation of a metadata catalog. This 

means that users can locate geodata and associated data relevant to an area of interest. A coordinated 

metadata effort avoids duplication of effort since metadata produces and improves data management 

procedures of the geospatial community. It also means that data providers are able to advertise and 

promote the availability of their data (Global Spatial Data Infrastructure, 2004). 

 For real value, metadata must be machine readable (i.e. capable of being interpreted by a 

computer) and interoperable, meaning that metadata should be structured using, for example, the 

Extensible Markup Language (XML) for validation and exchange. In fact, there is a general consensus 
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that metadata should be exchanged in XML conforming to a Document Type Declaration (DTD), or the 

newer version, the XML Schema Document (enhanced version of DTD) (ESRI, 2009). Metadata 

cataloging systems usually recognize (support) three forms of metadata: the implementation form 

(within a database or storage form), the export or encoding format (a machine-readable form designed 

for transfer of metadata between computers), and the presentation form (a format suitable to viewing by 

humans). For the last two forms, there is a general consensus about the use of XML (Nebert 2004.  

2.23 Metadata standards 

 The structure of metadata descriptions varies according to the type of resource, therefore 

different organizations have established different metadata structures, also called metadata schema or 

metadata standard. Standards are very important to metadata management. Without standards, any 

meaningful comparison between metadata documents would be difficult. In metadata management, 

predictability is encouraged. Standards are also required for the wider GIS community to develop 

appropriate software to implement the standard (Global Spatial Data Infrastructure, 2004).  

Some common standards are: 

 The content standard for digital spatial metadata in the U.S. (FGDC) created in 1994 and revised in 

1998. Developed to support the National Spatial Data Infrastructure. This standard has also been 

implemented outside the US, in Canada and the UK through the National Geographic Data 

Framework (NGDF) and its successor the AGI. It is also used by the South African Spatial Data 

Discovery Facility, the Inter-American Geospatial Data Network in Latin America and elsewhere in 

Asia (Global Spatial Data Infrastructure, 2004); 

 Comité Européen de Normalisation (CEN) is a pre-standard that was adopted in 1998. Already in 

1992 CEN formed technical committee 287 with the responsibility of overseeing geographic 

information standards. A slew of European Pre-standards have been adopted including 'ENV (Euro-

Norme Voluntaire) 12657 Geographic information - Data description - Metadata' (Global Spatial 
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Data Infrastructure, 2004). 

 ISO 19115 (international standard) and ISO 19139 (draft technical specification), 2003, which are 

the most common standard for organizations dealing with data across national borders; 

 OGC, OpenGIS Consortium, international voluntary membership consortium, adopted ISO 19115, 

1994 that sets standards for geospatial contents, services, and sharing of data; 

 The Dublin Core – metadata element set intended to facilitate discovery of electronic resources, 

1995; 

 Swedish Standards Institute (SIS) is developing with businesses, organizations and authorities, 

Swedish standards while participating in international standardization. In the area of geodata, Stanli 

is leading the work. Stanli is a project area within the SIS, Swedish Standards Institute, working 

with geodata (SIS, 2009; SIS, 2010).  

 And most recently Infrastructure for Spatial Information in Europe (INSPIRE, 2007), which has 

already been discussed. 

  A standard, as used in this thesis, is an accepted formula that specifies how a process should be 

performed, how to format or organize a document, or how to decide on values for certain kinds of 

information. For example, a standard for a thesis might designate that it should include an introduction, 

methods and materials section, results, and a discussion section. Likewise, a standard for how to 

specify the date might specify the order in which the day, month and year of the date should appear, 

and how they should be encoded (by letter or digits), e.g. the 4
th

 of July 2009 would be 07/04/2009 in 

the US but 04/07/2009 in Sweden, and if people are not aware of the correct standard to conform to 

mistakes can happen. A metadata standard lists a set of metadata fields (or elements) that should be 

specified and designate the possible values for these (RAND, 2005) 

2.25 Accuracy of metadata 

 No tool in existence can check the accuracy of metadata records entered, therefore, on some 
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level, human review is required. An example of this would be the author of the data. Obviously, the 

computer would be unable to know exactly the people who have worked on a data set. 

2.26 What data require metadata? 

 The data requiring metadata depends on the standard employed, as to whether each data set, 

object, or database should have metadata. However, in metadata literature, the 1:1 rule suggests that a 

discrete resource should have a discrete metadata record (Global Spatial Data Infrastructure, 2004). In 

reality, most metadata is collected at the data set level. 

2.27 Automatic collection of metadata 

 The creation of metadata to describe new resources can and should take advantage of technical 

mechanisms for automating at least part of the metadata creation and capture process. For example, 

even a word processor may provide features for capturing the creation date, author, and type of a new 

resource when it is used. Unfortunately, such automatic facilities are often less than ideal for true 

metadata creation (Global Spatial Data Infrastructure, 2004). As an example, metadata editor tools may 

insert the login name or personal author, rather than the more preferred, impersonal and more 

consistent organization name, or they may update a revision date every time a document is edited rather 

than when a significant change is made to it. Nevertheless, for future use it should be possible to obtain 

or modify applications or to develop completely new tools to capture at least some metadata 

automatically for newly created resources. In particular, organization-specific values for certain 

metadata fields such as publisher and organizational author, language, creation date, etc., may be 

automatically created at this time although it must be possible to override such defaults at the time of 

creation or later.  

2.271 Old metadata and automation 

 Creating metadata for older resources that already exist may be harder to automate. If metadata 

are to be added to old resources, it may be required to change the resources, which might be difficult or 



25 

 

impossible. Furthermore, the values of some fields may be hard to obtain after the fact, such as date 

created, or requiring careful analysis of the resources, or even a discussion with the original authors or 

organization, which assumes that they are still available or remember that information. Finally, for 

offline data that are described by online metadata, some metadata elements and refinements may be 

unsuitable. These problems are similar to those problems of legacy data, and although none of them are 

impossible, they would require detailed, organization specific strategies for generating metadata for 

older data sets (RAND, 2005).  

2.28 Interoperability 

2.281 Software Interoperability 

 All digital files, even simple text files such as ‖.txt‖, are made up of bits that must be interpreted 

by software (i.e. rendered) in order for it to be readable to humans (as opposed to just machine 

readable). All digital information is therefore at risk of becoming unworkable or inoperative if the 

programs that render it on the computer become dated.   

 Most of the literature discussing the preservation of digital information assumes that digital files 

will migrate to new formats over time, thereby preventing those files from becoming outmoded, with 

Microsoft Office being a good example of this (RAND, 2005; van der Hoeven and van Wijngaarden 

2005; Day, 1998). Because migration involves conversion from one digital format to another, it 

inevitable runs the risk of losing some of its properties of the original, and since it might have to be 

performed repeatedly, the losses accrue over time such as converting a file from ―.docx‖ to ―.doc‖. 

However, if migration is employed, preservation metadata must show the format (and preferably the 

version of the format) a data is in, and each time data is converted, the preservation metadata should 

document the conversion process so that future users can evaluate the migration effort (Day, 1998).  

 Another path to preservation involves the use of emulation of hardware platforms to allow the 

original saved rendering software to be run (while under emulation by programs such as VMware) on 
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more advanced computers. In this scenario, the preservation metadata should include pointers to a 

suitable emulator and suitable versions of the original rendering software for the data required (van der 

Hoeven and van Wijngaarden, 2005; RAND 2005).  

 The longevity of metadata (in contrast to the data described by metadata) is an easier problem. 

Most metadata are not highly application-dependent meaning that they are not as much at risk to loss as 

more general information. Nevertheless, the need to use metadata on an ongoing, daily/weekly basis 

implies that they will migrate into new metadata systems as necessary over time, thereby hopefully 

avoiding loss (Rotherberg, 1995). 

 Another issue concerns the revision of metadata or of the metadata fields themselves, i.e. the 

evolution of metadata standards. If metadata are kept separate from the data they describe, this is not a 

big problem, although it may require modifying the meta-database or such thing. However, if metadata 

are embedded in the data they describe, then changing the metadata requires modifying these data, 

which could be time consuming if not done completely (and safely) automatically.   

 Interoperability is addressed by official standardization organizations such as ISO and CEN, as 

well as the Open GIS consortium. A common example of this is the way that dates are denoted, as 

previously mentioned. 

2.282 Semantic Interoperability 

 Data integration has been an active and challenging research area for many years to the 

geospatial community. Nowadays, research is moving from data integration to semantic integration in 

many areas such as information and knowledge management. This push in being influenced by the new 

nature of the internet, the Semantic Web (more information on the Semantic Web can be found in 

Appendix C) (RAND, 2005).  

 If digital information can be maintained readable by humans, it must also maintain its meaning 

over time. This is problematic since it is dependent on proper semantic conversion of definitions, as the 
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meaning of words and concepts change over time such as ―tank‖
1
 or ―salary‖

2
. In the absence of a 

complete, formal semantic description ability (something that is of yet beyond current abilities), this 

must still rely on human interpretation. To ensure interoperability among data sets and applications, 

standards are essential. Data need to be converted into structures and formats, which can be exchanged, 

integrated and fully utilized by all users.  

  Metadata therefore should facilitate semantic interoperability, i.e. the logical interpretation of 

information across different contexts. Semantic interoperability can be facilitated by the use of 

ontologies that span these contexts, though, in practice, this has yet to be successful. In theory, 

ontologies could be used in a data integration system with the aim of describing and defining the 

semantics of the data sources and making the metadata content explicit. The semantics of metadata 

must be preserved, i.e. the meaning of words needs to be understood in its proper context over time. If 

the meaning of search terms change over time, it may no longer be appropriate for them to denote the 

same resources. This is as of yet an unsolved problem, but the use of thesauri and ontologies may offer 

some help in this direction by creating indirect linkages which are more easily changed than direct 

linkages from metadata to specific resources. As an example, instead of searching old documents for a 

new keyword, thesauri can be used to map the keyword into an older one that denoted the intended 

meaning in older documents (for more information on this see Appendix C) (RAND, 2005). 

 For practical purposes, it would be easier to coordinate each country independently to develop 

its own ontology or ontologies for areas of interest rather than to develop a single, top-down ontology 

covering all such areas and language nuances. If ontologies are developed using suitable approaches 

(such as semantic net tools i.e. tools for semantic networks), it might be possible to treat each ontology 

developed as a ―module‖ that can be merged with other such modular ontologies, thereby creating an 

overall ontology from the bottom up (Rector 2003; Heflin and Hendler 2000). 

                                                 
1 Tank used to refer to a lake or a pond. 

2 Salary used to refer to the fact that the Roman soldiers were given money to buy salt (from the latin salarius). 
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 Even if nations develop their own, independent ontology, a clearinghouse would be able to 

coordinate the development and merge these independent ontologies into an overall ontology. A 

clearinghouse in GIS is a repository structure, physical or virtual, that collects, stores, and disseminates 

information, metadata, and data. It is generally thought of as reaching or existing outside organizational 

boundaries (ESRI, 2006).  Therefore, a clearinghouse is an appropriate organization for coordinating 

ontology mergers.  

2.3 The Swedish Mapping, Cadastral and Land Registration Authority 
(Lantmäteriet) 

 The push toward a spatially enabled society and the need for jurisdiction-wide spatial data 

policies has resulted in institutional changes – reflected in a world trend for spatial data and land 

related information activities to come together in one organization (Williamson, Rajabifard, & Feeney, 

2003 ). The Swedish mapping, cadastral and land registration authority (Lantmäteriet) manages the 

Swedish cadastral system and basic geographic land information. The organization is also in charge of 

the development and maintenance of national geodetic networks and the technical infrastructure for 

surveying activities. Furthermore, they conduct geodetic research, provide geographic information 

technique services, and provide a range of products such as geographic information, land and real 

property formation services, and geographic information techniques (GIT). In the international sphere, 

they also engage in international projects together with e.g. United Nations organizations and the EU 

(Lantmäteriet, 2009).  

  In Sweden, the administration of land registration, cadastral surveying and cadastral mapping, 

planning, land valuation, administration of state lands, geodetic control, and national mapping are all 

done by the same organization, Lantmäteriet, although that is not always the case abroad (Williamson, 

Rajabifard, & Feeney, 2003; Lantmäteriet, 2009). 

 Lantmäteriet has been involved in mapping Sweden since 1628. The organization is today the 

primary coordinator for the efficient provision of geodata in Sweden. In lieu with this responsibility, 
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they have also developed a geodata portal (geodata.se) that allows access to web based geodata and 

services (Lantmäteriet, 2009; Lantmäteriet, 2008).  

 Major clients are municipalities, private-sector companies, and the National Environmental 

Agency. The organization has a staff of 2,400 in 90 offices across the country. Lantmäteriet‘s 

headquarter is located in Gävle, where approximately half of the workers are stationed. Revenue in 

2008 was SEK 1,870 million, of which one fourth was government grants (Lantmäteriet, 2008). 

Lantmäteriet provide metadata through its online data service, Geolex. The metadata available from 

Geolex is in text format, but has no specific delivery format. The National Land Survey has also 

established a department whose aim it is to deal with metadata and specifications for geodata. In 

addition the organization has completed a few metadata projects that have taken INSPIRE into account. 

2.31 Organization 

Lantmäteriet has four divisions, each with its own area of responsibility (Lantmäteriet, 2009). 

- The Cadastral Services Division 

 Manages activities related to real property formation and cadastral procedures. 

- The Land Registration Division 

 Responsible for registering land transactions and land title issues   

- The Land and Geographic Information Division 

 Generates, develops, and manages the distribution of geographic and land information. 

- Metria 

 Consults in fields such as field survey, mapping, remote sensing, and geographic 

information techniques. 

2.32 Author’s role 

 Continued development of the Spatial Data Infrastructure concept is dependent on a close 

working relationship between the government, academic, and private sectors. The academic sector is 

particularly in its infancy, although there are efforts underway, such as this research project. As the 

wider community is learning to use spatial data for decision-making, decision-makers are increasingly 
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demanding better quality and ease of access to spatial data as well as more content. SDI will also need 

to bring the private, public, and academic sectors together so that spatial data users (users from such 

areas as GIS, computer science, natural resource administration, geography, and surveying) can benefit 

from the multidisciplinary nature of spatial data. Without a coherent and consistent SDI in place, there 

are inefficiencies and lost opportunities in the use of geographic information to solve problems 

(Masser, 1998). This project is therefore a small effort in the overarching push toward a more 

technically integrated global society.  As an outsider not affiliated with Lantmäteriet, it has been the 

author‘s role to provide an objective evaluation of the metadata creation and maintenance process at 

Lantmäteriet as well as to come with suggestions for future improvements. Lantmäteriet was chosen for 

this study since they possess a surplus of data that is in need of metadata structured according to a set 

standard and used in tandem with a thought out business process model (Paasch, 2009). 
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3. Materials and Methods 

3.1 Data 

Two themes have been used for this study:  

Urban areas (“Tatort”) 

 Urban addresses contain address points from the Land Registry, and are primarily intended as a 

supplement to the ―GSD_Urban‖ data set. Together, both the products serve as an input to GIS, and are 

used in analysis, planning, address searches, geocoding, etc. Urban addresses includes information on 

Sweden's urban areas, defined as urban according to Statistics Sweden's (SCB's) latest statistics, as well 

as some of the smaller towns that are defined as small towns according to Statistics Sweden. Each 

urban area contains address points for an area that fulfills the criteria of being urban (more than 200 

inhabitants and a maximum of 200 feet between houses), or the village definition (50 to 199 inhabitants 

and more than 150 feet between houses). Some neighboring towns are merged into a continuous 

surface. This study has had access to five percent of the data set. 

Place name register (GSD_ortnamn a.k.a Ortnamnsregistret) 

 The place name register (ortnamnsregistret) is part of Lantmäteriet's geographic map of Sweden 

(GSD). The place name register is the basis for place names on the general maps as well as the base for 

collecting and supplying lists of place names in other products marketed to customers. The register is 

also the standard for Swedish place names. The register contains today about 940 000 place names 

derived from Lantmäteriet's basic geographic database (GGD) at a scale of 1: 10 000. Each place name 

has attribute information such as administrative affiliation. The administrative affiliations are indicated 

by codes for county, municipal and the assembly. The codes are taken from Statistics Sweden (SCB) 

coding. For this study, five percent of the place name register was used (information retrieved from the 

data set's metadata). 
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3.2 Survey/Interview 

 To establish best practices for Lantmäteriet in terms of creating and updating metadata, one 

must first establish current practices to know what needs to be changed or improved upon. To 

understand current practices at Lantmäteriet an interview and a survey were carried out. The aim of the 

survey and interview was thus not one of exploratory qualitative analysis; rather it was more of a 

conversation between the metadata contact person at Lantmäteriet, Ulrika Johansson, and the author, as 

well as six other people working with geodata at Lantmäteriet.  

 The interview was set up to be a personal reflection on how someone within Lantmäteriet views 

metadata and his or her role in metadata creation. Establishing a contact person through an interview 

was crucial to then find the right people to answer the survey in the thesis. A survey was designed so as 

to provide straight forward answers to some basic questions about metadata creation and updating at 

Lantmäteriet. The questionnaire was sent to Ulrika Johansson at Lantmäteriet. She chose three 

coworkers working with Kartdata (Map Data) and three coworkers working with Grundläggande 

Geografisk Data (Primary Geographic Data) (Johansson, 2009).  

 In survey sampling, it is recommended that the sample size be large enough to minimize errors 

and to ensure that results are statistically significant to the extent required by the study (Office of 

Management and Budget, 2006). This is standard practice for carrying out interviews and 

questionnaires. Again, the aim of this thesis was not to analyze the current metadata creation and 

updating at Lantmäteriet, or to compare it to any other metadata practice. Instead, the aim of this part of 

the project is only to give a general overview of metadata creation at Lantmäteriet, therefore the same 

techniques used in pilot studies have been employed at this stage of the project, where only a few 

people have been asked to answer the survey, and the questions asked in the survey is based on an 

interview with Ulrika Johansson. In a pilot study the results do not have to be statistically significant, 

meaning that it is up to the author to decide on sample size and statistical significance can be ignored 

(Office of Management and Budget, 2006).  
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 Moreover, when including answers to a survey or interview, one has to protect the survey 

subjects. Therefore, no names of the people answering the questionnaire have been included (they are 

simply referred to as A, B, C, etc) and their answers have been condensed into short statements, again 

according to normal protocol (Office of Management and Budget, 2006). Furthermore, their answers 

have been translated from Swedish into English by the author. These actions ensure that the subjects 

are protected according to established survey sampling standards, and might also mean that the subjects 

have answered the survey more frankly. 

3.3 ArcGIS Desktop 

 The Official INSPIRE Metadata Editor has been used to create a baseline for how to best go 

about streamlining metadata creation using ArcCatalog and to create a better understanding of what 

ArcCatalog would need to fulfill in terms of updating metadata. The INSPIRE Metadata Editor 

(http://www.inspire-geoportal.eu/InspireEditor/) is a prototype that allows us to describe three different types 

of resources: 1) Spatial dataset, 2) Spatial dataset series, and 3) Spatial data services. This editor 

furthermore allows one to validate the metadata created and save the metadata record as an XML file 

on the local machine. The data set option was chosen for this project. Note that tables (1-10) and 

explaining information associated with the tables were all copied from the INSPIRE prototype 

metadata editor. 

 For the purpose of using this metadata editor or for implementation of the INSPIRE directive at 

Lantmäteriet, the technical report SIS-TR 14:2008 explains some metadata elements well and should be 

used to avoid any confusion (SIS, 2008). For general purpose explanation of the INSPIRE directive, the 

report ―INSPIRE Metadata Implementing Rules: Technical Guidelines based on EN ISO 19115 and EN 

ISO 19119‖ should be referred to (INSPIRE, 2009). 

http://www.inspire-geoportal.eu/InspireEditor/
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Figure 2 INSPIRE's prototype metadata editor 

 

(Image taken from INSPIRE‘s website, 2010) 

The Metadata Editor is divided into 10 categories: 

 Metadata 

 Identification 

 Classification 

 Keyword 

 Geographic 

 Temporal 

 Quality and Validity 

 Conformity 

 Constraints 

 Organization 

 

The following tables show the content of each metadata category: 

Table 1 Metadata on metadata 

Metadata point 

of contact 

E-mail Address  

Organization 

Name 

 

Metadata date  

Metadata date*  

Metadata language  

* Metadata date chosen from a virtual calendar 

** Metadata language chosen from drop-down list (Swedish is an option)  
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Table 2 Identification 

Resource title  

Resource abstract  

Resource type dataset* 

Resource locator  

Unique resource identifier  

Resource language**  

* already added 

** Resource language chosen from drop-down list (Swedish is an option) 

Table 3 Classification of spatial data and services 

Topical category*  

* Categories can only be added through a drop-down list. There are limited choices: 

 biota 

 boundaries 

 climatology/meteorology/atmosphere 

 economy 

 elevation 

 environment 

 farming 

 geoscientific information 

 health 

 imagery base maps earth cover 

 inland waters 

 intelligence military 

 locations 

 oceans 

 planning cadastre 

 society 

 structure 

 transportation 

 utilities communication  
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Table 4 Keyword 

Inspire Data Theme*  

GEMET Keyword  

Keyword value/ Originating controlled 

vocabulary 

 

Title  

Reference date  

* Categories can only be added through a drop-down list. There are limited choices: 

 Addresses 

 Administrative units 

 Agricultural and aquicultural facilities 

 Area management/ restriction/ regulation zones and reporting units 

 Atmospheric conditions 

 Bio-geographical regions 

 Buildings 

 Cadastral parcels 

 Coordinate reference systems 

 Elevation 

 Energy resources 

 Environmental monitoring facilities 

 Geographical grid systems 

 Geographical names 

 Geology 

 Habitats and biotopes 

 Human health and safety 

 Hydrography 

 Land cover 

 Land use  

 Meteorological geographical features 

 Mineral resources 

 Natural risk zones 

 Oceanographic geographical features 

 Orthoimagery 

 Population distribution – demography 

 Production and industrial facilities 

 Protected sites 

 Sea regions 
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 Soil 

 Species distribution 

 Statistical units 

 Transport networks 

 Utility and governmental services 

 

Table 5 Geographic location 

Geographic Bounding Box*  

*This is added through the editor using a web based map. 

Figure 3 Screen print of geographic location 

 

Table 6 Temporal reference 

Temporal extent Begin  

End 

Date of publication  

Date of last revision  

Date of creation  
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Table 7 Quality and Validity 

Lineage  

Spatial Resolution Equivalent Scale  

Distance 

Unit of measure 

 

Table 8 Conformity 

Title  

Date*  

Degree**  

* The choice of date is creation, publication, or revision – all three can be used. 

** The choice of degree is either conformant, non conformant, or not evaluated – all three can be used 

To add conformity; a title, date type, a date, and degree all have to be filled in to work. 

 

Table 9 Constraints related to access and use 

Conditions applying to access and use*  

Limitations on public access**  

 * Can be selected from a drop-down list or typed using free-text: 

 no conditions apply 

 conditions unknown 

 ** Choices for limitations on public access are: 

 no limitations; 

 (a) the confidentiality of the proceedings of public authorities, where such confidentiality is 
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provided by law; 

 (b) international relations, public security or national defense; 

 (c) the course of justice, the ability of any person receive a fair trial or the ability of a public 

authority to conduct an enquiry of a criminal or disciplinary nature; 

 (d) the confidentiality of commercial or industrial information, where such is provided for by 

national or community law to protect a legitimate economic interest, including the public 

interest in maintaining statistical confidentiality and tax secrecy; 

 (e) intellectual property rights; 

 (f) the confidentiality of personal data and/or files relating to a natural person where that person 

has not consented to the disclosure of the information to the public, where such confidentiality 

is provided for by national or community law 

 (g) the interests or protection of any person who supplied the information requested on a 

voluntary basis without being under, or capable of being put under, a legal obligation to do so, 

unless the person has consented to the release of the information concerned 

 (h) the protection of the environment to which such information relates, such as the location of 

rare species 

 

Organizations responsible for the establishment, management, maintenance and distribution of 

spatial data sets and services: 

Table 10 Responsible Organization 

Responsible Party Email Address  

Organization Name  

Responsible Party Role*  

 *Must be chosen from a drop-down list – choices are: 
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 author 

 custodian 

 distributor 

 originator 

 owner 

 point of contact 

 principal investigator 

 processor 

 publisher 

 resource provider 

 user 

  

 This part of the study was to create a work flow that used ArcCatalog to create a best-practice 

procedure for how someone at Lantmäteriet could create and update metadata in the most efficient way 

possible. ArcCatalog is an application of the ArcGIS Desktop product family, used for locating, 

browsing, and managing spatial data. ArcCatalog automatically associates metadata with all geographic 

data sets. Figure 4 gives an overview of how ArcCatalog works. 

Figure 4 Flow diagram of ArcCatalog's metadata editor 

 

(Figure copied from Batcheller, Gittings and Dower, 2007). H refers to harvesting; E means extraction; 

X is export; and U is update. 

 ArcCatalog comes with support for ISO and FGDC metadata standards, an editor for entering 

metadata, a storage schema, and property sheets for viewing data. ArcCatalog identifies two types of 
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metadata – properties and documentation. Properties are derived from the data and are generated 

automatically by the software and include information such as the dataset name, feature types, 

geographic extent, and the projection. Properties are generated when a file is selected in the ArcCatalog 

tree and the Metadata tab is clicked. Documentation is descriptive metadata supplied by the user. 

Documentation can be items such as the organization in charge of the dataset, contact person, and 

quality characteristics of the data (Vermeij, 2001). Documentation is also the information often queried 

to determine whether a dataset is suitable for a particular use (i.e. descriptive metadata). 

 One way to quickly create metadata documentation is to use a metadata template. A metadata 

template contains information that is common to multiple data sets. Templates can be created from 

scratch, or if metadata containing most of the required information already exists for one data file, the 

metadata can be exported using the Export Metadata button on the Metadata toolbar in ArcCatalog. The 

metadata editors in ArcCatalog 9.3 have been created so that if a user has made a conscious decision to 

edit a metadata element, the user‘s decision overrides automatic synchronization. 

 Metadata can be exported to an XML (Extensible Markup Language) file. XML is a markup 

language very similar to HTML. XML data can be displayed in a web browser using XSLT style sheets 

that transform an XML file into an HTML file. XML can be stored in a standalone file or with the data. 

All data management functions in ArcCatalog comply with XML standards. Metadata may or may not 

go with the data. The metadata can be viewed using any XML viewer. Within ArcCatalog, metadata is 

presented using stylesheets. Stylesheets are different views of the same metadata, where each sheet can 

be customized to fit the viewer. They convert the automatically generated XML file to an easier-to-read 

HTML format. The XML/XSL architecture allows for more than one stylesheet for one XML schema 

(Vermeij, 2001). 

 In an XML file, the FGDC metadata elements appear in lowercase while the ISO elements 

display in a mix of upper- and lowercase. Sync=‖TRUE‖ means that an element will updated 
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automatically. If a property had been edited it will no longer be automatically updated.
3
  

 Using ArcCatalog, users and developers can create custom metadata synchronizers. These 

synchronizers read dataset properties and store them in a metadata document according to XML 

standards. Since the release of ArcInfo 8.1(ESRI‘s latest release is ArcGIS10) users can customize the 

metadata that is created during synchronization. Synchronization is the process by which properties of 

a data set are generated from the data set and written into its metadata, the metadata is synchronized 

with the data. The purpose of synchronization is to generate as much of the data automatically as 

possible and to keep the metadata up-to-date.  

 An important part of the work flow is when and how metadata properties are updated. 

Synchronization is controlled by the user. Synchronization can happen automatically when viewed, 

manually, on import, or never. There are three synchronizers, and by default, they are all turned on. 

Turning off synchronization is a good idea if e.g. only one standard should be used, as opposed to the 

other two. By default, both FGDC and ISO will be stored in the same XML. If the FGDC 

synchronization is turned off, no FGDC metadata properties are included with the ISO metadata. This 

reduces clutter and eliminates confusion regarding what information should be included (ESRI, 2007). 

 In ArcCatalog, synchronization is triggered by browsing a data set with the metadata tab 

selected or when a user clicks the Create/Update metadata button. ArcObjects can also be used to 

program the initiation of synchronization using the IMetadata::Synchronize metadata method. This is 

implemented by the set of GxObjects; the set of Name CoClasses; and the Tin, GeometricNetwork, 

RasterData setName, and RasterBandName coclasses (Swenson, 2005). ArcObjects provide 

customization for ArcMap and ArcCatalog and is based on VBA, which is embedded in ArcGIS. It 

                                                 
3
 Another way to edit metadata is to begin with an empty XML file. Three lines are then pasted into a 

text editor.  

<?xml version=‖1.0‖ ?> 

 <metadata> 

 </metadata> 
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provides functionality that is not available through ArcMap or ArcCatalog interfaces. ArcObjects allow 

customization of the interface for end users as well as provide the ability to add functionality written by 

a 3
rd

 party user (such as code provided by ESRI). ArcObjects are a part of the customization available 

to users in ArcGIS. It allows end users to customize the user interface (which does not include the use 

of ArcObjects directly). It allows the use of written VBA code, and users can use an extended 

development environment to create stand-alone COM components by using programming languages 

such as C++ or VB (Burke, 2003).  

 If one has implemented a number of synchronizers, then each will write metadata into the same 

XML file. It is not possible to have separate metadata files for a data set. Within the XML file, it is not 

possible to specify what ordering is used when elements are written to the metadata; therefore one 

cannot be sure that the metadata elements created from one synchronizer will always be placed in 

adjacent positions in the metadata file. If custom stylesheets to display the metadata and exporters to 

write it out are used this is not a problem. The stylesheet and exporter can define the ordering of 

elements that the user sees (Swenson, 2005).  

 With several different users who create and edit data, it could be that several different people 

also create and edit the datas‘ metadata. In a situation where several different people are editing the 

metadata at the same time, only the last author who saves it will actually save the metadata changes. 

This can be fixed when editing a personal geodatabase, that a system such as Windows file or folder 

permissions is used to manage the geodatabase metadata (Arctur & Zeiler, 2004; Swenson, 2005).  

 Some properties can be edited, such as projection information and geographic bounding 

coordinates, but it is not necessarily a good idea to do so. (In ArcCatalog, looking at the XML file, blue 

text means that something can be edited; the green asterisk refers to elements that are automatically 

updated.) If the elements that are automatically updated are edited, they will not be synchronized with 

the data if the data is further updated (Swenson, 2005). 
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Figure 5 Screen print of the FGDC metadata editor 

 

3.4 Case studies and ideal metadata creation 

 ArcCatalog has been used in the past to implement metadata standards (Vermeij, 2001). In 2007 

the U.S. Environmental Protection Agency (EPA) was interested in simplifying and improving the 

metadata production process to maximize the usefulness of their geospatial metadata portal, the 

GeoData Gateway (GDG). The streamlined metadata production was implemented to reduce the cost of 

staff time, and is believed to have saved the agency $200,000 a year (Torreano, 2007). ArcCatalog was 

the chosen metadata editor since ArcCatalog has an open architecture that is capable of being extended. 

It provides a good structure for the implementation of a custom metadata environment. The EPA 

program was written using VB.NET so that a deployment of a Web-based front end is possible in the 

future. The program allows users to meet all of EPA‘s requirements within the interface. It also 

incorporated a spell-checker (see Appendix C for more information). The EPA Metadata Editor 

provides necessary guidelines and instructions for entering required information in various fields. It 

provides a standardized enterprise-wide, one-stop approach to creating metadata. The result is 

consistent, high-quality, simplified metadata.  

 The ideal metadata creation developed for this thesis is based on an extensive literature review 

carried our during the extent of the project to see how other organizations have dealt with the problem 
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of creating and updating metadata in the most efficient manner possible and how to avoid the most 

common pitfalls. It was found through extensive reading that researchers have taken one of two main 

approaches: a semantic solution to automatic updating or a technical one (with EPA‘s approach being a 

good example).  

The approach taken for the ideal metadata work flow is based on this dichotomy illustrated in figure 6. 

Figure 6 Two overarching approaches to metadata creation 

 

According to this world view there are two basic paths that can be taken in creating and 

updating metadata. The view that was chosen is the one that is less feasible considering the current 

technological constraints but one the author believes has the greatest chance of becoming the more 

permanent, long-lasting solutions. Therefore, the third part of the results section will focus on semantic 

solutions to how metadata can be updated. 
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4. Result 

4.1 Survey 

The original questionnaire has been included in Appendix A.  It is important to note that some of 

answers to this survey might not apply to the datasets used in this thesis. The survey was sent out 

in May of 2009. The decision was made to write the survey in Swedish and then to translate it, and 

the answers given to the survey, in English to avoid any misunderstandings that can come out of 

answering a survey in a foreign language. 

4.11 Answers to survey: Metadata for Map Data 

Three staff members discussed the questions together. They work with creating certain 

production data/metadata at Lantmäteriet. The metadata is thereafter added to the common 

metadata system at Lantmäteriet, Geolex (Ulrika Johansson). These three members of staff are 

referred to as A, B, and C. 

1. Have you ever recorded metadata? 

A, B, and C – Yes. 

2. How much time do you spend updating/recording metadata per production? 

A, B, C - approx. 20 minutes per week 

3. What tool(s) (if any) do you employ? 

A, B, C - ArcMap 9.2 and Access for storing the data, these data are sent to Geolex to update the date 

and grid. 

4. Do you use any scripts to update metadata? 

This question is answered by the technical expert, it is outside the area of expertise by the 

employees A, B, C (Ulrika Johansson).  

Expert - We are using ArcGIS/Arc Toolbox, where we use model builder to create a script that 

results in shapefiles, with completed date and geographical area. These shapefiles are handed to 
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those working on updating the metadata system Geolex. 

5. How is the metadata information saved? 

In an access database as well as in Geolex. 

6. What metadata information do you include? 

A, B, C - Index Box (specifies geographic area in the database), production time, signature, and date 

of completion. 

7. Do you follow a standard/rules? 

A, B, C - We do not follow any standard that we know. All fields in our production access base must 

be completed. 

8. When do you update metadata? 

A, B, C - We update a little differently depending on the different types of areas we are working 

with before, during, and after production.  

A, B - updates after the completion of each index box,  

C - updates after each major work area (multiple index boxes) are ready. 

9. Do you feel secure in your metadata capabilities or would you like more education 

concerning metadata updating and harvesting? 

A, B, C - Yes, we feel secure but it would not be wrong to learn more about metadata. 

10. At what level do you record metadata? 

Metadata signature is automatically created during digitalization at the object level, but it is not 

sent to Geolex. Metadata for the dataset is created according to the answer for question 6.  

11. Do you feel like you have too much time, enough time, or not enough time to spend on 

updating metadata? 

A - It does not take too much time.  

B - Previously it felt as if it took much time. Improvements in the creation of metadata has been 
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simplified so it is easier now.  

A, B, C - it feels like this should be developed for it feels as if this is an extra step that takes 

unnecessary time. Sometimes it feels stressful when we are required to fill in all the facts before 

we go home on Fridays. 

12. When in a production, do you feel that you are the right person to record/update 

metadata? 

A, B, C - Yes, for we are the source of the geodata. 

 

4.12 Answers to survey: Metadata for Primary Data 

These three members of staff are referred to as D, E, and F. The survey was answered by the 

subjects individually. 

1. Have you ever recorded metadata? 

D, E, F - Yes 

2. How much time do you spend updating/recording metadata per production? 

D – N/A 

E – 5 minutes per grid 

F – 5% of work time per production 

3. What tool(s) (if any) do you employ? 

D – ArcCadastre, FME, Excel, APC, Artist 

E – APC for the object level, and web tools for data volume (index box)  

F – APC for the object level as well as excel and ArcMap 

4. Do you use any scripts to update metadata? 

D – No. 

E – N/A 



49 

 

F – Don’t know. 

5. How is the metadata information saved? 

D – shp .xls .ff 

E – N/A 

F – Excel, ArcMap 

6. What metadata information do you include? 

D, E, F – Whatever is required according to internal rules. 

7. Do you follow a standard/rules? 

D, E, F – No standard, but do follow internal rules. 

8. When do you update metadata? 

D, E, F- during production, after production, when updating data 

9. Do you feel secure in your metadata capabilities or would you like more education 

concerning metadata updating and harvesting? 

D, E, F – Yes. 

10. At what level do you record metadata? 

D – dataset 

E – dataset (grid) 

F – dataset and at the object level 

11. Do you feel like you have too much time, enough time, or not enough time to spend on 

updating metadata? 

D – enough time 

E – enough time 

F – enough time 

12. When in a production, do you feel that you are the right person to record/update 
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metadata? 

D – Yes, why not? 

E – Yes, I am the one who knows what data has been created.  

F – Yes, it is part of my job. 

4.13 Suggestions for best-practice organizational principles for metadata creation 

and maintenance at Lantmäteriet based on survey responses 

 Based on the answers to the survey there are some suggestions for how Lantmäteriet can change 

their day-today practices to improve their work flow based on best-practices from the academic and 

private literature. Due to the constraints of any working environment, some of these suggestions will be 

possible to carry out while others might be impractical.  

  Metadata creation must be considered one of the core activities of data collection and creation. 

Quality metadata is just as important as the collection, storing, and dissemination of spatial data; 

adequate planning and organization must be devoted to this ongoing, important activity (Global Spatial 

Data Infrastructure, 2004). Metadata creation is a step-by-step process and should be a shared 

responsibility. Metadata may begin its life at one end of the production and then incrementally expand 

as it moves along the various stages of use within an organization. Therefore, metadata creation should 

be shared by those that work on the data the metadata describes (Global Spatial Data Infrastructure, 

2004). Lantmäteriet does this to an extent but anyone involved with the data should have an input into 

the metadata creation and validation process. 

 Metadata rules and standards must be enforced. Mistakes, inefficiencies, or gaps reduces the 

usefulness of the metadata and then also the value of the data it describes. Poor quality metadata and 

slack work flows can be avoided by everyone following the same work flow. This will be remedied 

now that Lantmäteriet is following the INSPIRE directive. 
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  Metadata education is essential for successful implementation of a complete metadata strategy. 

An adequate number of well trained staff (preferably some with a deep knowledge of standards as 

well as technical expertise) is necessary for implementation of a successful, organization wide 

strategy. 

 Lantmäteriet must streamline metadata production and replace manual methods with 

automatic methods wherever possible and appropriate. Time-and-labor-intensive procedures for 

metadata creation should be evaluated and streamlined wherever possible. Automated tools (e.g. use of 

templates, built-in thesauri, metadata editors) should be carefully researched and implemented as 

appropriate. There is no ―one-size-fits-all‖ metadata work flow. Each data themes will need its own 

business process model to maximize efficiency. 

 The survey showed that at Lantmäteriet a script is used that updated the date and geographical 

area of the data. This is done automatically in ArcCatalog through the synchronization feature, which 

would streamline the work flow as no additional tool is required. The metadata information is also 

saved as ―.shp‖, ―.xls‖, and ―.ff‖ which make them unable to be imported into most metadata editor, 

such as INSPIRE's metadata editor or  ArcCatalog's metadata editor.  

 A strong support from upper management is essential for the successful implementation of a 

metadata strategy. Without an understanding of the previous principles on the part of those in charge of 

metadata implementation, it will be difficult to consistently produce adequate, useful metadata 

(Tomlinson, 2007). 

4.2 ArcCatalog 

 First part of this section is to decide on the choice of the metadata editor that is to be used. I 

chose FGDC ESRI since it has the most user friendly interface. The FGDC standard is more complete 

than INSPIRE, but less detailed than ISO. The information that needs to be completed in the FGDC 

metadata editor to fulfill INSPIRE‘s standard are the following: 
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4. 21 First theme: Tatort  

Figure 7 Shows an overview of the Tatort data 

 

As can be seen from the map, the theme contains three layers: ―ba_omr1‖, ―ag_omr1‖, and ―rutnat‖. 
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Figure 8 is a zooming in on one aspect of the data to get a better overview of all three layers 

 

This figure shows the data much better. In the previous map, the ―ag_omr1‖ was obscured by  

―ba_omr1‖. 
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Figure 9shows a map of GSD_ortnamn 

 

GSD_ortnamn contains only one layer, which is shown in the above figure. 

 Metadata updating maintenance is an iterative process in which some activities, or even an 

entire process, may be revisited. First part of the metadata work flow is to create a library of templates. 

The key to creating metadata templates is to create them in stages, as can be seen from figure 8 and 

figure 9. The work flow is significantly simplified by reusing templates. 
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Figure 10 Shows the overall process of creating and updating metadata 

 
Creating metadata:  

 Creating metadata templates is the first stage in the work flow. Templates are used to 

standardize metadata. It is a time saver since one does not need to update all the metadata elements 

repeatedly. One template can be developed to store information that is standard for all departments or 

for a department specific process. One can also create a completely new XML document by right-

clicking a folder (New > XML Document). 

Update metadata:  

 The second step is to add information that is relevant to the business organization such as 

access, use constraints, and organization contact information. 

Export metadata:  

 Export the metadata to a file (e.g. XML). The data can also be exported as an HTML format that 

would be suitable to export it to be saved on a network for others to view or to be uploaded online. 

HTML files are great for anyone to look at the data without requiring the need of ArcGIS. When 

metadata is stored in a stand-alone file, metadata properties are not a concern since none are associated 
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with metadata in this way. 

Table 11 Output formats 

File format Export Extension 

FGDC CSDGM (FAQ) Yes .htm 

FGDC CSDGM 

(HTML) 

Yes .htm 

FGDC CSDGM 

(SGML) 

Yes .sgml 

FGDC CSDGM (TXT) Yes .txt 

FGDC CSDGM (XML) Yes .xml 

HTML Yes .htm 

XML Yes .xml 

 

Table 11 shows the possible export formats for metadata created in ArcCatalog's metadata editor. 

Import metadata:  

When the metadata has been exported, it can then be imported into another dataset. 

Table 12 Import formats 

File format Import 

FGDC CSDGM (FAQ) No 

FGDC CSDGM 

(HTML) 

No 

FGDC CSDGM 

(SGML) 

Yes 

FGDC CSDGM (TXT) Yes 

FGDC CSDGM (XML) Yes 

HTML No 

XML Yes 

Table 12 shows the file formats that can be imported. The XML format can be used to import and 

export both FGDC and ISO metadata. 

Update metadata:  

 Updating metadata means building on the information that has already been added to develop 

another template by updating additional fields such as keywords, abstract, lineage, and any other 

information common to other datasets. 

 Looking at the creation of metadata templates in more detail, there are certain precautions that 

need to be taken, as can be seen in figure 11. 
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Figure 11 Controlling metadata updates 

 
 The updating setting for metadata properties is important since even though one can control 

whether to update properties or not when creating metadata, templates might be shared between people 

and one cannot control what happens when someone else imports one of the templates. The person who 

imports metadata may want to view the content of the template file before updating the metadata for 

their dataset. This could especially be a problem if information is saved in the metadata that may be 

sensitive. For example, the online linkage property can include the name of the computer the metadata 

is being created on or the network server. This might be a problem from a security perspective. 

 The process of updating properties from the data (data that is automatically updated) is called 

synchronization, i.e. the metadata is synchronized with the data (Global Spatial Data Infrastructure, 

2001). 
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Figure 12 shows an example of information that has been added through the use of a template. 

 
The data above was saved in an XML file. 

 

 Lastly, working synchronizers need to be set to minimize the data that is stored in the XML file. 

The ―Set Working Synchronizers‖ button must be added from the Customize menu 

(Tools>Options>Customize). Since this project has used the FGDC metadata editor we want to use two 

synchronizers, FGDC CSDGM and the Geography Network Synchronizer. Synchronizers can also be 

turned off outside ArcGIS Desktop in any XML editor by setting Sync=‘FALSE‘ (as referred to earlier). 

 An additional way to streamline the metadata updating and creation is to use tools and tips. 

Visual Basic for Application (VBA) software installs with ArcGIS Desktop and there is code available 

that is useful to use with metadata updating. Through the use of VBA macros (packaged code samples) 

can be added. Each macro performs a separate task. No samples were used in this thesis since they 

were not found to make the work flow more efficient or streamlined. However, one aspect of 

ArcCatalog that is not required by INPIRE but that gave a great overview of the data without having to 
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look at the actual metadata was the addition of thumbnails
4
.  

 When comparing the time it took to update metadata using ArcCatalog versus using INSPIRE's 

metadata editor it was found that ArcCatalog was 1.5 times faster (a student t-test was run with a p-

value <0.05). The equation for the student t-test is outlined below. 

 

Although it seems at first glance that the INSPIRE Metadata Editor is still a fast way to create 

metadata, the problem surfaces when data needs to be updated. Since there is no synchronization 

function, no data is automatically updated. This means that everything is done manually. Therefore, the 

INSPIRE metadata editor is bad at providing information on any updates that are made to a dataset. A 

good example of this is lineage information which is not created automatically. Therefore, the metadata 

editor is a weak semi-automatic metadata editor. It is also poor at importing XML files that has not 

                                                 

4 Thumbnails are created in the following way: Go to the preview section. Make sure the 

Geography tab is on. Zoom in if needed, then click the thumbnail button. 
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been created by its own metadata editor. The attempt to import an XML file created in ArcCatalog was 

unsuccessful and it could not be exported to ArcCatalog. The editor is also unable to store the metadata 

in HTML files for quick viewing or sharing. It is also unable to provide the user with different style 

sheets to make viewing/browsing easier.  

Figures 13-16 show the BPM of metadata creation and updating in ArcCatalog that was previously 

outlined in workflows (figures 10 and 11). An in depth explanation of business process models can be 

found in Appendix B, which includes terminology used in this thesis.  

ArcCatalog Business Process Model 

Figure 13 Activity 1 

 

Figure 14 Activity 2 
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Figure 15 Activity 3 

 

Figure 16 Activity 4 

 
 

The result is finished metadata updating with metadata folders (see figure 17). The metadata was saved 

in the XML format. 
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Figure 17 XML metadata files 

 

4.3 Case studies and ideal metadata creation 

 It is important to have an integrated system for both spatial data and metadata so that when the 

data is updated the metadata is also updated (Rajabifard, Kalantari and Binns 2009). 

Ideal metadata Business Process Model  

Figure 18 Process 1 

 
Interoperability (Process 1) 

Digital preservation does not end with the careful storage of digital objects. In order to keep these 

objects accessible, a continuous effort towards the development of strategies for permanent access is 
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required. The usability of digital objects is threatened by the rapid innovations in computer technology. 

Permanent access strategies can roughly be divided into two groups: migration and emulation. 

Migration is aimed at the digital object itself, and aims to change the object in such a way that software 

and hardware developments will not affect its availability. Emulation does not focus on the digital 

object, but on the hard- and software environment in which the object is rendered. It aims at 

(re)creating an environment in which the digital object can be rendered in its authentic form. Emulation 

was chosen since digital objects depend strongly on the original environment. The only approach that 

can render them authentically is emulation (van der Hoeven and van Wijngaarden, 2005). 

 

Figure 19 Process 2 

 
Metadata editors (Process 2) 

Metadata editors are used by private and public institutions since they are semi-automatic and 

create a formal structure for how metadata is to be updated. Metadata editors are very common and are 

used by the Environmental Protection Agency (EPA), Environmental Systems Research Institute 

(ESRI), and U.S. Geological Service (USGS) etc. These examples were purposefully chosen from the 

United States since in terms of providing metadata content they are ahead of Europe in terms of 

providing required metadata standards. FGDC has been around since 1994 (FGDC, 1997). 
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Figure 20 Process 3 

 
Ontology-based integration (Process 3): 

 There has been a lot of effort to integrate data and metadata semantically. The semantic 

integration approach results in the creation of an ontology. Ontologies are used to describe, identify, 

and facilitate the access, usage, and management of information. Ontologies conceptualize an area of 

interest (a domain) by defining the classes and their properties as well as the classes' relationships (for 

more information on the relationships between words see Appendix C and the sections on 

interoperability). There are issues to investigate such as the ability of an ontology to encompass the 

conceptual meanings and relationships of a specific area of interest (such as urban area). Ontology 

based integration is an adequate metadata integration solution with reference to other popular metadata 

interoperability methods such as crosswalks. Ontologies view information sources as instances of 

particular classes. They reveal the meaning of metadata in a more abstract way than metadata schemas. 

Ontologies are often created using the OWL language (WC3, 2009). This would be a concerted effort 

to moving away from an emphasis on technical solutions since technology is changing so rapidly in 

today's society. Rather, the focus is on the concepts behind the technology that can endure changes in 

innovation communication infrastructure. 
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Figure 21 Process 4 

 
Fuzzy logic (Process 4): 

Dealing with uncertainty and ambiguity of language in metadata is explained in detail in 

Appendix D. To summarize, the intention of using fuzzy logic is to bridge gaps in semantics across 

languages as well as set standards for what words really entail, such as what is a mountain? The 

purpose of implementing fuzzy logic in this process is to ensure that there are no misunderstandings 

regarding what a word really entail. Geography has a lot of vague language (Varzi, 2001) and to ensure 

good communication and precision in language some of this vagueness can be eliminated through 

fuzzy sets. This is a problem that is ultimately ontological and fuzzy logic is needed to bridge gaps in 

ontologies (Varzi, 2001). Fuzzy logic is also unique in that it is able to deal with uncertainty, as 

compared to probability theory, that cannot capture uncertainty that stems from imprecise concepts. 
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5. Discussion 

5.1 Survey/interview 

 There were some issues with carrying out the survey. People at Lantmäteriet are very busy and 

under a lot of time pressure. It took a long time to find a willing contact at Lantmäteriet. Interviewing 

many people separately at Lantmäteriet would have taken much longer time than the scheduled 10 

weeks for this project. There were no direct results from the interview with Ulrika Johansson as it was 

not a semi-structured interview, but the interview itself led to a structured survey, and also allowed 

Ulrika Johansson to establish who at Lantmäteriet should answer the survey.  

 The answers to the survey are perceived to be honest. The answers do not appear to be 

influenced by an external source, like the contact person or any supervisor or manager at Lantmäteriet. 

 Overall, looking at the answers to the questionnaire shows that metadata has not been 

completely ignored, but that it has not been a high priority either. Furthermore, the background in 

metadata updating and creation is not based on an national or international standard; rather internal 

rules have decided which data will be included in the metadata. No workflow for creating or updating 

metadata exists at Lantmäteriet, but metadata is created in relation to when the data is created. There is 

also no specific training on metadata standards, except from internal training (Johansson, 2009). 

 Findings from the questionnaire are not surprising seeing as INSPIRE is still in the process of 

being implemented and the new Swedish geodata law is the first metadata law in Sweden. The findings 

thus simply suggest that metadata has been created to the extent required by internal rules at 

Lantmäteriet. Thus, much of the knowledge amassed about the data by the people working with the 

geodata is not translated into saved metadata. Much metadata at Lantmäteriet is then still tied to human 

capital or not documented according to standardized metadata principles. Since Geolex (a site at 

Lantmäteriet providing data to the public) and ArcMap are used, there are semi-automatic metadata 

updating and creation practices already in place at Lantmäteriet, although they are used alongside 
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manual practices. 

 Furthermore, since the aim was not to compare or analyze data between organizations, the 

decision was made to use a pilot study rather than interviewing or sending out a questionnaire to as 

many people as possible. However, an in depth discussion with Jesper Paasch
 
(2009) gave a very solid 

background to the metadata situation at Lantmäteriet, which meant that the very valuable perspective of 

a metadata researcher was provided, as well as the interview with Ulrika Johansson and the subsequent 

survey.  

 Moreover, the people answering the survey are not necessarily the same people working with 

the data used in this study for designing a business process.  

5.2 Where should metadata development head toward? 

 Providing useful metadata according to established standards is a time consuming task. Labor 

costs for updating metadata could theoretically be decreased in the future if automatic and 

semiautomatic updating is perfected, as time spent updating metadata records would decrease. Training 

costs would also be kept at a minimum as the metadata editor would ensure that all required 

information is created without the need for in-depth knowledge of metadata standards for all personnel. 

As more data creators use metadata on a regular basis, it will eventually become a natural part of any 

GIS work flow. It is possible that the transition from creating data without metadata to creating data 

with metadata can be difficult, but as it is occurring throughout Europe, the problems will be felt by 

everyone and solutions will have to be devised. If metadata is expected to be created together with the 

data, and user friendly metadata editors are created, the change to any creator‘s workflow will in the 

future be minimal.  

 Metadata can more easily turn raw data into useful information if users are better aware of its 

existence and knows its uses and limitations (Gore, 1998). Metadata must therefore become more 

integrated into SDI so that users will embrace it and help to develop technology to deal with it. 
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Metadata cannot develop in isolation, it must be user driven (Wiliamson, 2003). Users are the key both 

to maintaining and driving the metadata effort, although INSPIRE is already laying the foundation for 

it. 

 For metadata to fulfill its role within SDIs there has to be a concerted effort to push for 

organizations to keep good metadata records. It is very important that the benefits of metadata are 

realized. A large scale effort to create metadata for government spatial datasets must have tangible 

benefits so that academia and the private sector also become involved. It would be a significant blow to 

the INSPIRE directive if the public does not embrace this new metadata standard, as it would then be 

nothing more than increased administrative duties to government GIS personnel.  

 INSPIRE is already affecting business work flows at Lantmäteriet in Sweden and will do so in 

every EU member country. The effect will be that data that many GIS users didn‘t even know existed, 

can be evaluated based on their metadata records through metadata catalogs.  

 With high quality metadata, users can be assured that the information about data is up-to-date, 

complete, and accurate. Furthermore, with more extensive use of metadata catalogs that connect data 

across organizations, nations, and regions, data would be as easy to locate as searching for a page on 

Google (by using something as efficient as the PageRank link analysis algorithm) (Arasu et al., 2002). 

By connecting information at increasingly globalized levels, the advantages and benefits of spatial data 

and spatial data products can be realized. Metadata plays a very important role in this. Users and 

consumers of data have to be able to trust the data they want to use. If metadata can be guaranteed to be 

of high quality (maybe even quality assured), less data will have to be re-created as users will feel 

confident about acquiring and using the data. Moreover, if metadata quality assurance can be developed 

or if metadata editors can be programmed to also evaluate the quality of the metadata, more 

organizations would be able to distribute their data. Any organizations that distribute data and metadata 

are responsible for that data to be accurate; quality assurance would provide some incentive to release 
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data to the public. Thus, simply creating metadata will not be enough in the future. Organizations will 

also have to be able to guarantee the quality of the metadata provided. 

5.3 Future developments 

 Improved metadata editors that are geared toward the INSPIRE community will help metadata 

creation significantly, as ESRI‘s metadata editor for ISO and FGDC have helped spatial data creators in 

the US. This metadata editor could be independent of ESRI‘s ArcGIS suite. Although ESRI is the 

leader in GIS applications, they are a licensed product that is competing on the open market. It would 

be unlikely that any government organization would solely push for the use of a product that they have 

to rely on outsiders to create and maintain. However, a program that is based on ArcGIS or open source 

could be integrated into a workflow effectively.  

 Nevertheless, just creating appropriate metadata editors will not be enough. The past creation of 

data without including appropriate metadata means that there are a lot of datasets that cannot be offered 

to the public as there is no metadata that can be easily acquired for these data sets. Spatial data mining 

could be an alternative to use to find metadata records for these data. If metadata is stored on a local 

machine or network, spatial data mining would be able to locate metadata. However, there are still 

holes in the data that spatial data mining would not necessarily be able to fill, e.g. creator, date of 

creation, geoprocessing history etc. A common problem with metadata is that some of the information 

is stored in human capital, as opposed to being recorded in a physical location. There are no easy 

answers to how this data could be recouped. No organization would spend the time and money to track 

down past creators of data to fill out missing metadata records, and any such undertaking would face 

data quality issues. Therefore, INSPIRE will not retroactively help to create metadata. 

 

5.4 Issues with INSPIRE 

 Language of the metadata records is a point of concern. What is the point of having an 
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international SDI if the required free text is in the native language? Perhaps the metadata given should 

be in two languages. If no thesaurus is used, easy translation of information will be even harder. With a 

thesaurus, translation of information given in a foreign language will at least be easier. The SIS/TK 489 

N 222 report recommends that Swedish should be used when creating metadata, and agreed upon 

vocabulary have been decided by INSPIRE (SIS, 2010). Perhaps this will change in the future.  

 There is a need for metadata editors or for very good organization of metadata creation. 

Technical reports on INSPIRE are not easy reading. It takes considerable time to get acquainted with 

the EU directive and one has to be well versed in standards to fully feel comfortable using it. The depth 

of the standard means a considerable challenge for the layperson or the staff that only sporadically 

updates metadata.  

 The Swedish National Geodata metadata standard is much more comprehensive than INSPIRE. 

Although this might seem like INSPIRE is less exhaustive than the Swedish national standard for 

metadata, on some accounts, INSPIRE is the better option. For example, INSPIRE only requires 

information about the organization that created the data, and a point of contact is only required if there 

is no organization in charge of the data. The Swedish national standard, on the other hand require a 

contact person. A reference to a contact person rather than to an organization could cause a great deal of 

frustration and confusion if the contact person in charge of a data set has changed job. 

5.5 Developing a metadata vision 

 Developing a roadmap and way forward for metadata creation is essential to building successful 

metadata records. The vision needs to include detailed objectives and a practical and reachable 

implementation strategy. Preferably, the vision should not extend further than 5 years due to fast 

changing technology in the field of GIS and metadata.  

5.6 Metadata and education 

 What type of education/training is required to support the growth of metadata? A workforce 
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educated and trained in metadata is an important component of the promotion of metadata (for 

example, there exists only internal training at Lantmäteriet, with very little access to courses on 

metadata online except that offered by ESRI). This is a problem due to the fast changing technology 

where geomaticians need to be constantly up to date on advances in technology (applications are here 

one day and gone tomorrow). The implementation of INSPIRE is unlikely to be the only new standard 

in Europe in the next decade, so there need to be basic training on standards, how they work, and why 

they are important at university level as well as in government organizations and in the private sector.  

5.7 Changing role of SDI and metadata 

 There are several external developments that will affect SDI and metadata. GIS is experiencing 

expanding technologies. Increasingly GIS is relegated to the Net, which means that more and more 

technologies will be Web based, perhaps metadata creation as well. There is already an INSPIRE 

metadata available online, although it is of yet only a prototype. 

 Furthermore, e-governance and participatory democracy are important to many nations. The 

goal is to decentralize government decision-making and make decision-making more participatory. 

This trend is being facilitated by the information and communication technology revolution and relies 

significantly on having access to appropriate spatial data which in turn relies on appropriate metadata. 

 Lastly, the development of business process models is one way to ensure that metadata quality 

is high. Still, better tools for quality assurance must be implemented. However, are technical solutions 

the best way to implement metadata? Evidence according to Tomlinson (2007) suggests that the 

solution lies in organization, good standards, and the will to follow through on it. 
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6. Conclusion 

Objective 1:  

Outline current research and good practices in the area of metadata, metadata creation, and INSPIRE. 

Place the current research in context of previous research and point to a gap in the literature:  

Metadata is a key component to any National Spatial Data Infrastructure. Good documentation 

is necessary for preserving the usefulness of spatial data. INSPIRE seeks to increase cooperation 

between nations in Europe through a process of data harmonization. Institutions throughout the world 

spend billions of SEK developing quality spatial data. To improve the exchange between institutions 

Spatial Data Infrastructures have been created. The creation of SDIs has forced the creation of policies 

and standards regarding metadata. Implementing a standard such as INSPIRE is the first step toward 

best-practice metadata creation. However, little research has been done on how an organization such as 

Lantmäteriet should best implement a long-term strategy toward metadata creation.  

In terms of good practices, metadata must be saved in a format that allows easy sharing between 

computers with XML being the preferred format in the geospatial community (although GML and 

XML are also viable options although not as pervasive). Metadata should be refrained from being 

saved in formats that require specific software such as .shp and .ff. Metadata should be created using 

automatic methods wherever possible, such as using templates, built-in thesauri, metadata editors, and 

scripts (e.g. from python or VBA). For ease of use in the domain of international sharing of metadata 

titles to data layers should be given English titles as well. Establishing ways to check that the spelling 

of words is correct is also important. It is not always possible to query a data set if it has been 

misspelled, although it is always better to copy a word from a list than to write it in manually. 

However, it is important to note that one of the most important components to good metadata 

creation is strong support from the people in charge of the data. If there is not a strong push for 

metadata creation no standards in the world will help. 
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Objective 2:  

Survey/interview people working with metadata at Lantmäteriet. Discuss problems of complying with 

the INSPIRE requirements for metadata today with current work flow: 

 Metadata has not been completely ignored at Lantmäteriet, but that it has not been a high 

priority until recently. Furthermore, the background in metadata updating and creation has not been 

based on a standard like ISO; rather internal rules have decided which data will be included in the 

metadata. No workflow for creating or updating metadata exists at Lantmäteriet, but metadata is 

created in relation to when the data is created. There is also no specific training on metadata standards, 

except from internal training. Moreover, much of the knowledge amassed about the data by the people 

working with the geodata is not translated into saved metadata in a digital format. 

Objective 3: 

Test semi-automatic and automatic metadata updating using ArcCatalog and to study how it may be 

implemented into future processes at Lantmäteriet. Furthermore, to determine how comprehensive 

ESRI's tool is for INSPIRE: 

 This study found ArcCatalog to be a viable option for short term implementation of the 

INSPIRE directive at Lantmäteriet. It was also found that ArcCatalog was a better option than the 

metadata editor developed by INSPIRE since ArcCatalog was both more semi-automatic as well as 

faster.  

Objective 4: 

Create a business process work flow for how metadata should ideally be updated in the future at 

Lantmäteriet: 

 Research is currently moving from data integration to semantic integration. Metadata needs to 

increasingly be able to facilitate semantic interoperability. The semantics of metadata must be 

preserved since the meaning of words needs to be preserved over time. Semantic interoperability can be 

aided by the use of ontologies, though this has yet to be practically implemented. In theory, ontologies 
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can be used in data integration system with the purpose of describing and defining the data sources and 

making the metadata content explicit. Fuzzy logic would also play an important part in defining 

concepts more clearly. The RDF linked data approach is currently part of the European Project. It is a 

nice solution to model metadata since it works well with HTML. However, this thesis took a longer 

term approached and one with a strong focus on the importance of semantics, and therefore settled on 

the use of semantics and ontologies that, albeit being harder to implement, offer potentially greater 

rewards. The details to how this would be practically implemented can be found in figures 18 to 21. 

Lastly, the aim of this research was to try to tease out ways to implement the INSPIRE 

directive. Having a standard saves time. It is a premium to have access to standardized metadata. It is 

the equivalent of an EU seal of approval for good standardization. The approach taken by this project 

has both been very short term and long term. The short term approach was to understand how metadata 

could be better updated at Lantmäteriet and how ArcGIS could be an aid in fulfilling this. The long 

term approach is literally intended to create an ideal metadata updating and maintenance process. 

However, this is not something that can be easily done and would require a lot of effort from everyone 

involved with metadata at Lantmäteriet.  My hope is that Lantmäteriet will be willing to consider this 

strategy since it would save them time in the long run and prepare them for the next stage in metadata 

research and implementation. 
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7. Future work 

 There are a number of possible future research avenues. There are no desktop metadata editors 

available that are geared toward the INSPIRE directive, leaving users to either use the online editor or 

to use editors designed for ISO or FGDC standards (or any other standard in use such as Dublin Core). 

Therefore, first, the ArcCatalog work flow should be implemented and tested to verify that it really is 

appropriate for Lantmäteriet. It is possible that it needs to be tweaked to fit with the current work load. 

Second, as a step toward a future ideal work flow, ArcCatalog should be implemented as the go-to 

application for metadata creation wherever possible. This will allow all metadata to be converted to 

XML which will make maintenance easier (according to current best practice); it will also increase 

efficiency and readability. Ease of customization of the interface of ArcMap and ArcCatalog will also 

mean that each person working with metadata can tweak ArcGIS to work for them in the best manner 

possible. Crosswalks are also a possible way to overcome the difference between ISO/FGDC standards 

and the INSPIRE directive (see work done by Future Position X). Third, a metadata editor specifically 

designed to handle the INSPIRE directive could be developed. In the short-term, metadata editors 

remain the best alternative for semi-automatic and automatic metadata creation and maintenance. 

Lastly, the metadata editor should be combined with efforts toward creating a program that can test 

metadata quality to provide quality assurance.  

 It is also important to start looking into ways to develop a Lantmäteriet thesauri and/or 

ontology. Using the right terms will be very important in the future, not only for automatic metadata 

updating, but also to make data in other languages more accessible, and in turn, data from Sweden 

more accessible to outsiders. Furthermore, this will make geodata more accessible to people from 

different disciplines and will improve cooperation across disciplines. 

 Education in the INSPIRE metadata standard should also be an increasing priority at 

Lantmäteriet since they have the judicial responsibility to provide standardized metadata. Additionally, 
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students at the university level should be provided with incentives to also study metadata and form 

stronger ties with Lantmäteriet regarding metadata creation and maintenance. 

 Further research should realize, however, that strong organization will be the key to ensuring 

high quality metadata creation, regardless of tools. Tools can aid in metadata creation, but a supportive 

management and dedicated staff will ensure that it is done and done in an appropriate way.  

 Lastly, with improvements in metadata creation and updating, new challenges are quickly 

emerging. One of this is the prospect of introducing fuzzy logic to metadata (see Appendix D). This 

could be a new venue to explore the precision and accuracy at which we can create metadata records. 
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Appendix A: Survey of metadata practices at Lantmäteriet 

Dear responder, thank you so much for taking the time to answer this survey. I would just like simple 

answers to these questions. Do not feel as if you need to write exhaustive answers – one sentence per 

question is enough. 

All information provided will be kept anonymous. No names or direct quotes will be used. 

1. Have you ever recorded metadata? 

e.g. recorded who created the data and when? 

2. How much time do you spend updating/recording metadata per production? 

 

3. What tool(s) (if any) do you employ? 

e.g. ArcCatalog metadata editor, or e.g. a simple spreadsheet like Microsoft Excel 

4. Do you use any scripts to update metadata? 

e.g. Python scripts? 

5. How is the metadata information saved? 

e.g. in a pdf document, XML, or .doc file? 

6. What metadata information do you include? 

e.g. the basic, or do you fill out as much as possible? 

7. Do you follow a standard/rules? 

e.g. SS-EN ISO 19115 

8. When do you update metadata? 

e.g.  

- During production? 

- After  production? 

- During delivery? 

- When updating datasets? 

9. Do you feel secure in your metadata capabilities or would you like more education concerning 

metadata updating and harvesting? 

 

10. At what level do you record metadata? 

e.g.  

- object (=metadata for single objects in the database) 

- dataset 

- database 

- data service level 

11. Do you feel like you have too much time, enough time, or not enough time to spend on 

updating metadata? 

- not enough time 

- enough time 

- too much time 

12. When in a production, do you feel that you are the right person to record/update metadata? 

- why? 

- why not? 
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Appendix B: Business Process Modeling 

 A business process is a collection of activities designed to produce a specific output for a 

particular purpose, for example fulfilling an order from a customer. It places a strong emphasis on how 

the work is done within an organization in contrast to a product's focus on what is done. A process is 

thus a specific ordering of work activities across time and place, with a beginning, and end, and clearly 

defined inputs and outputs. A process can be related to other processes, in fact, a process is often a node 

in a complicated network of processes (Larsson, Ljungberg, & Roos, 2001). 

 In contrast to a process, which can be used over and over, a project is per definition a time 

limited activity whose purpose is to reach a clearly defined goal without disrupting the framework for 

what is to be accomplished (Larsson, Ljungberg, & Roos, 2001). 

 A process is made up of sub-processes who in turn are made up of activities. Business processes 

can also be separated into core and supporting processes, where the supporting process aids the core 

process in fulfilling its goal. While there are a fewer number of core processes the number of 

supporting processes can be numerous. Distinguishing between a core process and a supporting process 

can be difficult since there is not a simple rule to distinguish them. One way to separate one process 

from another is whether the process can be viewed as being critical to the organization (Larsson, 

Ljungberg, & Roos, 2001).  

Therefore, a business process: 

 Has a well defined goal. The goal is the reason the organization does this work, and should be 

defined in terms of the benefits this process has for the organization as a whole. 

 Uses information that supports or runs the process. Information, unlike resources, is not consumed 

in the process – rather it is used as part of the transformation process. Information may come from 

external sources, from customers, from internal organization units and may even be the product of 

other processes. 

 Has specific inputs/object in that start the process. 
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 Has specific outputs/object out – the result of the transformation and the new input for the next 

process. The output can be a physical object, a transformation of raw resources into a new 

arrangement, or an overall business result. Object instead of product is used since it is considered to 

be more neutral in meaning. 

 Uses resources – what is needed for the activity to be carried out. A resource is an input into a 

business process, and unlike information, it is typically consumed during the process. 

 Have a number of activities that are performed in some order and modify the input. 

 Creates a value of some kind for the customer. The customer may be internal or external. 

 Process modeling is the process of graphically depicting processes (see figure 11). The modeling is 

also the first step in improving the way that a process is completed. 

Figure 22 The interplay between information, activity, resources, object in, and object out. 

 

 The above model shows the necessary factors that any process consists of, and it can be either a 

core process or a supporting process.  

 As stated earlier, a process is made up of activities. Each process can consist of an unlimited 

number of activities.  
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Figure 23 showing how a process consists of activities. 

 

 The graphical model should not be too complex and is therefore supplemented with descriptions 

of the processes and their sub-processes and activities, known as process specifications. Furthermore, 

the processes are described at different scales. 
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Appendix C: Terminology and Knowledge Representation 

 

 In the future, developing commonly agreed on terms in metadata documentation will be 

increasingly necessary.  There are many different levels of organizing terms. This appendix lists the 

most common types and discusses pros and cons of each. 

Controlled vocabularies 

 A controlled vocabulary is normally a closed list of subjects that can be used for identification, 

such as abbreviations of cities and towns. The constituents of a controlled vocabulary are known as 

terms. The simplest form of controlled vocabulary is simply a list of terms. The development of 

controlled vocabularies involves first the identification of a concept, giving that concept a term, and 

finally producing a definition for that term that exhaustively describes the concept (Garshol 2004). The 

same term can have multiple meanings and a single concept can have many terms. The purpose of 

controlling vocabulary is to avoid authors defining meaningless terms, terms which are too broad, too 

narrow, and to prevent different authors from misspelling and choosing slightly different forms of the 

same term. This forces authors to choose the correct spelling of 'Stockholm' instead of the misspelling 

―Stckholm‖. It can also be made impossible to use 'hamlet' or 'village' by forcing the authors to choose 

'village' (Garshol 2004).  

Taxonomies 

 Various techniques have been employed to manage and organize large collections of related 

terms, such as keywords. A simple hierarchy of terms, an abstract structure, such as the grouping of 

animals or plants is often referred to as taxonomy. Taxonomy is a subject-based classification where 

each term (or controlled vocabulary) has exactly one location in the hierarchy, which minimizes 

confusion but does not show that many terms have more than one meaning. The benefit of this 

approach is that it allows related terms to be grouped together and categorized in ways that make it 

easier to find the correct term to use whether for searching or to describe an object (Garshol 2004).  
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 A taxonomy helps users by describing the subjects. From the point of view of the metadata there 

is really no difference between a simple controlled vocabulary and taxonomy. Metadata only relates 

objects to subjects, whereas in taxonomy the subjects have simply been arranged in a hierarchy. A 

taxonomy thus describes the subjects being used for classification, but is not itself metadata, while, it 

can be used in metadata. 

Figure 24 Outline of a taxonomy 

 

(picture copied from Garshol 2004) 

While the taxonomy does help the user, there are several pieces of information that is not being 

captured in figure 13 such as: 

- 'XML Topic Maps' are synonymous with 'XTM' 

- The difference between XTM and Topic Maps (many use the two terms interchangeably 

but they are not the same) 

- The relationship between XTM and XML and HyTM and SGML 

- The similarity between HyTM and XTM and their difference from TMQL and TMCL 

(Garshol, 2004) 

Thesauri 

 A thesaurus, in contrast, allows synonyms and terms to refer to each other through a number of 
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built-in relationships and allows a given term to have different meanings depending on the context and  

statements to be made about the subject. For thesauri there are two ISO standards describing their 

structure: ISO 2788 describes monolingual thesauri and ISO 5964 for multilingual thesauri. Consistent 

searching for metadata will be achieved if all those who prepare metadata use the same thesaurus, 

which allows data to be indexed and retrieved in a consistent manner. It also permits the display of 

hierarchies, of concepts and ideas (Garshol, 2004). In short, thesauri provide a much richer vocabulary 

for describing the terms than taxonomies do and so are more powerful tools. By using thesauri rather 

than a taxonomy would solve several practical problems in classifying objects and in searching for 

them (Rotherberg et al., 2006). 

Resource Description Framework 

RDF represents data about data. In RDF vocabulary metadata is referred to as resources, besides 

resources RDF also contain properties and statements. A property is an attribute that describes a 

resource. A statement consists of a specific resource with a property as well as that property‘s value for 

that resource. Together, an RDF description is a list of triples: a resource, a property and a value. RDF 

is ignorant about syntax. It only provides a schema for presenting metadata. XML is a candidate for an 

alternative representation. As with XML, an RDF model does not define the semantics of any 

application domain or make assumptions about a particular application domain (something ontologies 

do).  Even when applying a RDF schema there is no provision for exact semantics (Klein, 2001).  

Ontology 

 In computer science, the core meaning of ontology is a model for describing the world that 

consists of a set of types, properties, and relationship types. Ontology is also often referred to as a 

formal description of a domain of discourse, intended for sharing among different applications, and 

expressed in language that can be used for reasoning. Lastly, a common definition is a formal explicit 

definition of a shared conceptualization (Gruber, 1991; Garshol, 2004; Rotherberg et al., 2006). 
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Ontology is the most general concept in terminology since it can have any structure and allows terms to 

be used in different contexts or categories, and can even show arbitrary relationships among terms and 

their relationships. Ontologies are the most powerful way of describing subjects. There are three 

approaches for the creation of ontology: 

 top-down approach – starts with the definition of the most general concepts in the 

domain and subsequent specialization of the concepts 

 bottom-up development process: based on the most specific classes with subsequent 

grouping of these classes into more general concepts  

 combination development process: defining the significant concepts first and 

subsequently generalizing and specializing them appropriately (Garshol, 2004) 

 Ontologies view information sources as instances of particular classes. In short, they reveal the 

meaning of the metadata (information), being more abstract constructs than metadata schemas, hence 

revealing the relationships between classes and metadata schemas. Therefore, various metadata 

semantics are included under the definition of ontology‘s classes (Rotherberg et al.,, 2006). 

 Metadata have completely different scope and function in comparison with ontologies. They are 

used to describe, identify, and facilitate the access, usage, and management of information. Ontologies 

intend to conceptualize a field of interest by defining the classes and their properties as well as the 

classes‘ relationships. 

Ontologies therefore allow for: 

 a sophisticated extended and rich expression of meaning 

 the modeling of mappings between meanings 

 the ability of reasoning 

 a higher degree of abstraction, as true models is separated from the data storage; and 

 a query model since it corresponds to the user‘s view of the domain 
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(For information on the drawback of ontologies see the appendix on fuzzy logic.) 

Topic Maps 

Topic maps are organized around topics, and each topic is used to represent some real-world 

thing. Topics represent concepts. In topic maps the concepts are called subjects and these subjects can 

be 'anything whatsoever'. In topic maps, a topic can be given any number of names. Giving more than 

one name to the same subject simply means that all the names refer to the same subject (i.e. they are 

synonyms). The power of Topic Maps is that a name can be given a scope – a set of topics representing 

the context in which the name is appropriate. This means that Topic Maps can also be used to support 

multilingual information since topics representing languages can also be used as scopes. Since scopes 

consist of topics it is up to the creator of the map to define their own language for describing the names 

of the subjects (Rotherberg et al., 2006). Figure 25 shows an example of a Topic Map that outlines the 

relationship between the creator and places linked to her. 
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Figure 25 Example of a Topic Map 

 

(Figure taken from the Australian Literature Electronic Gateway, 2000) 

 The main benefit of this approach is that it leads to more richly descriptive classification and 

metadata systems than the traditional approaches. This means that more precise searches are possible.  

Another benefit is that a larger set of tools from various vendors become available. These tools then 

provide things like programming, APIs, query languages, schema languages, graphic visualization, 

portal integration, content management, work flow, natural language querying, and so on. A draw back 

of Topic Maps is that the technology for supporting them is still in its infancy. Topic Maps also offer 

high power when it comes to searching as they offer good support for full-text searching and good 

support for complex queries.  

Schema 

 In topic maps, where users can define the classification vocabulary themselves, there is 
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substantial risk that those creating the classification may use the vocabulary incorrectly. For example, 

they may use associations in ways that don't make sense, attach occurrences to topics of the wrong 

types, inconsistently type topics, or leave out required information. For relational databases and XML 

the traditional solution to this problem is to define a schema that formally defines the allowed structure 

of the data set. This is also the solution used with topic maps, although at the moment there is no 

standard schema language for topic maps. A standard, called TMCL (Topic Map Constraint Language) 

is under development, and non-standard languages are available already (Garshol, 2004).  

 Using a schema language it is possible to say things like "only persons may be employed, and 

they must be employed by an organization", "only persons and organizations can have phone numbers", 

"query languages must be used with a technology", and so on. Thus the typing capabilities of topic 

maps give us a starting point from which to describe the classification rules, and the schema language 

gives us a way to express the rules that can be enforced by software (Garshol, 2004).  

Semantic net 

  A semantic net is a way to represent knowledge as an agglomeration of nodes connected by a 

network of relationships (see figure 15). A semantic net can represent units such as objects, concepts, 

entities, and processes, as well as the relationships between the entities, like the fact that a bicycle 

wheel belongs on a bike and that a sister and brother are related. Since semantic nets are very powerful, 

they are able to represent essentially any knowledge or information (Rotherberg., 2006). Figure 26 

shows a semantic net of how animals are subdivided. 
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Figure 26 Semantic net of mammals 

 

(Figure taken from Wikipedia Commons, 2007). 

  Tools for building semantic nets can be used to also build ontologies. The development and use 

of taxonomies, thesauri, or ontologies to manage keywords can greatly improve metadata discovery. 

However, the development of such terminological systems requires coordinated efforts across 

organizations (RAND, 2005). 

Semantic Web 

 The semantic web is not a separate web, but an extension of the current one in which information is 

given well defined meanings better enabling computers and people to cooperate (i.e. the semantics of 

information on the web is defined). This  means that languages for representing data and knowledge are 

an important aspect of the Semantic Web. The semantic web is expected to enable machines to 

comprehend the semantics of data, like a human being. Ontology languages like OWL are inspired by 

the Semantic Web (RAND, 2005). XML and RDF are the basis for the semantic web (Berners-Lee et 

al, 2001) 

Encoding scheme 

Following the terminology used by the Dublin Core Metadata Initiative (DCMI) an encoding 

scheme is either a ―syntax encoding‖ or a ―vocabulary‖ (although some use the term ―controlled 

vocabulary‖ for the latter). A syntax encoding is a specific format for representing a given type of 
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information such as a date or object identifier. As an example 22-July-09, July 22 2009, and 2455034.5 

(Julian date) are three ways of encoding the same day, whereas http://thesaurus.reference.com/browse/ 

is a way of encoding the name of a web-page.  

  Many common metadata elements have well-accepted standard encoding schemes and 

controlled vocabulary, and these are often denoted as best practice for the given element. Unfortunately, 

in many cases several competing standards exist such as those for dates, or the alternative language-

dependent sets of abbreviations for country names.  

  The use of keywords in a subject element is of particular significance. Searching for keywords 

is currently one of the most common discovery techniques, used by web search engines such as 

Google. However, these free-text search engines simply search for words in the content of documents 

or web pages, without knowing which of these words are intended to be keywords. In order for a search 

engine to locate an information resource on the basis of keywords in a subject metadata element 

associated with that resource, those keywords must be made visible to the search engine and must be 

identified as keywords. This is an aspect of metadata that can easily be overlooked in metadata 

standard, most of which only discuss the metadata elements themselves. Search engines, or more 

generally, finding-tools, may have to be modified to enable them to find and recognize metadata 

elements such as subject, especially if metadata elements are not embedded in online resources but are 

instead maintained in separate databases, then finding tools must be modified so that they can find 

these (RAND, 2005). 

   

http://thesaurus.reference.com/browse/
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Appendix D: Fuzzy Logic: Dealing with uncertainty and ambiguity of 
language in metadata 

 Uncertainty is the condition in which there is a possibility of error because of a lack of 

completeness in information available (Klir, St Clair and Yuan, 1997). In everyday life decisions are 

made and information is analyzed. These activities utilize information that is available and help us to 

cope with information that is not. Natural language (i.e. ordinary language) is used to both describe and 

communicate knowledge, such as giving directions from one location to another (WordNet®, 2010). 

However, natural language has the characteristic of ambiguity (Klir, St Clair and Yuan, 1997). 

Ambiguity is confusion among concepts that have the same name, but more than one precise definition, 

like the concept of ―north‖. By definition, either a location lies directly north of another or an object is 

closer to the North Pole than another (the true north versus magnetic north, versus a grid north 

complicates this further) (Fisher, 2000).  

In logic and philosophy the sorites paradox is at the core of the definition of imprecision and 

ambiguity and it is also fundamental to a formal approach to ambiguity in geography. This paradox is 

named after the Greek word for heap (soros). The sorites paradox is ranked among the top five 

paradoxes in philosophy and was proposed by the Megarian logician Eubulides of Miletus. It is simply 

stated as "what is a heap" (Fisher, 2000)? Is one grain of sand a heap of sand?  The answer to this 

simple question is clearly no. If a second grain is added to the first, is there a heap? Again, the answer 

is no. If a third grain of sand is added, is there a heap? For a third time the answer is no. Therefore if 

there are n grains, but no heap, then adding one grain to make n+1 grains will not make a heap. Hence, 

the addition of a single grain can never turn a collection of grains into a heap. At the end of a repeated 

application of this assertion we have then a false conclusion that the collection of a million grains (for 

example) is not a heap. Having a correct sequence of assertions which reach a false conclusion is a 

paradox.  The main point is that a heap is a poorly defined concept. However, in logic, if the Law of the 
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Excluded Middle is discarded, then it is possible to address the sorites principle
5
. The Law of the 

Excluded Middle was first defined by Aristotle, which says that X must either be in set A or in set not-

A. 

 It has been argued that vagueness is ultimately ontological (Varzi, 2001). Vagueness is 

principally a matter of degree – same notion as with fuzzy sets. Fuzzy logic could be used to bridge 

gaps in ontologies. Ontologies are crisp sets – for example, an object is either a member or not a 

member, however, the notion of "what is a heap" has shown that there are many objects that are hard to 

clearly define. As stated by Zadeh (1965, p 338): "More often than not, the classes of objects 

encountered in the real world do not have precisely defined criteria of membership".  While defining 

metadata records, experts express their assessment using qualitative linguistic values since the 

precision of some metadata records are constrained by linguistic values. Fuzzy sets in this context can 

be used to mathematize these linguistic values and to obtain a consensus if the expert(s) provide 

different (linguistic) values. Probability theory, on the other hand, is not capable of capturing 

uncertainty resulting from the ambiguity of linguistic terms in natural language. Therefore, a likely 

important future step will be to combine metadata with the theories of fuzzy logic. One of the principal 

motivations for introducing fuzzy sets is to represent imprecise concepts. Fuzzy logic starts with the 

concept of a fuzzy set. A fuzzy set is a set without a crisp, clearly defined boundary. It can contain 

elements with only a partial degree of membership, i.e. it is class of objects with degrees of 

membership between 0 and 1 (Klir, St. Clair & Yuan, 1997).  

 A fuzzy set is different from a classical (or Boolean) set that includes crisp objects – (i.e. a 

classical set is a container that wholly includes or wholly excludes any given element). Examples of 

crisp objects are numerous: the class of water bodies clearly includes such objects as lakes, puddles, 

oceans, seas, and rivers etc. and excludes such objects as rocks, animals, plants, etc. However, how 

                                                 
5 The second law that fuzzy logic breaks is the Law of Contradiction which states that any proposition affirming a fact and 

denying it at the same time is false (Klir, St Clair and Yuan, 1997). 
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does one define a lake versus a puddle? Hamlet versus a village? Meadow versus grassland? (Gopal 

and Woodcock, 1994). How many trees are needed for an area to be classified as woodland? What is 

the amount of canopy closure required? Does one less tree or one less percent of canopy make it non-

woodland or scrubland? Moraczewski has reviewed a host of plant community descriptions showing 

that they are all vague in their definition (1993). 

 This idea is further developed in the use of hedges (a hedge is a modifier such as 'very'). How 

would we classify an object as being very large or very small? These classes do not conform to sets in 

the usual mathematical sense of these terms. However, the fact remains that such imprecisely defined 

"classes" play an important role in human thinking, particularly in the domain of communication of 

information (Zadeh, 1965). As stated by Zadeh: "the notion of a fuzzy set provides a convenient point 

of departure for the construction of a conceptual framework which parallels in many respects the 

framework used in the case of ordinary sets, but is more general than the latter" (1965). Fuzzy sets 

describe imprecision which is characteristic of much of human reasoning (Zadeh 1965, 1973). 

Therefore fuzzy sets provide a natural way of dealing with problems in which the source of imprecision 

is the absence of sharply defined criteria of class membership rather than the presence of random 

variables (i.e. fuzzy logic is not part of probability theory. Probability deals with problems related to 

lack of data, while fuzziness deals with a lack of definition) (Klir, St. Clair & Yuan, 1997).  

 Fuzzy reasoning becomes important when one works with concepts that are dependent on how 

people perceive a concept, as opposed to a simple-minded classification. In fact, any statement can be 

fuzzy. Reasoning in fuzzy logic is simply a matter of generalizing Boolean logic. Consider a definition 

of what constitutes as "the week-end". The Boolean way of defining the weekend means that it abruptly 

starts on Saturday morning and abruptly ends on Sunday night. This is a discontinuous jump from zero 

to one as one day merges into another.  Although this definition may be useful, it does not correspond 

to how people perceive their weekend. 
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Instead, people perceive the weekend as more of a smoothly varying curve where all of Friday 

and to a small degree part of Thursday share the quality of weekend-ness and therefore deserves partial 

membership in the fuzzy set of weekend moments. The curve is known as the membership function 

(Klir, St. Clair & Yuan, 1997). 

 A membership function is a curve that defines how each point in the input space is mapped to a 

membership value (or degree of membership) between 0 and 1. The input space is sometimes referred 

to as the universe of discourse. Another example is the set of tall people. In this case, the universe of 

discourse is all potential heights from e.g. 1.3 to 2.7 meters and the word tall would correspond with a 

curve that defines the degree to which any person is tall. In a crisp set, being above 1.8 m might mean 

that a person is officially considered tall. However, such an arbitrary distinction is clearly controversial 

(Klir, St. Clair & Yuan, 1997). 

 With a fuzzy membership, the curve is smooth and passes from not-tall to tall. The output axis 

is a number known as the membership value between 0 and 1. The membership function is given the 

designation µ. This curve defines the transition from not-tall to tall. Subjective interpretation and 

appropriate units are thus built into the fuzzy sets. The only condition a membership function has to 

satisfy is that it must vary between 0 and 1. The function itself is defined by whoever is constructing 

the membership function, and can be based on such factors as simplicity, convenience, speed, and 

efficiency (Klir, St. Clair & Yuan, 1997). 

Membership Functions in Fuzzy Logic:  

A classical set might be expressed as 

 A = {x | x > 6} 

A fuzzy set is an extension of a classical set. If X is the universe of discourse and its elements are 

denoted by x, then a fuzzy set A in X is defined as a set of ordered pairs. 

 A = {x, µA(x) | x ∈  X} 

µA(x) is called the membership function (or MF) of x in A. The membership function maps each 
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element of X to a membership value between 0 and 1. 

 The problem of constructing membership functions in the context of various applications is not 

a problem of fuzzy set theory, but a problem of knowledge acquisition, a subject of knowledge 

engineering (Klir, St. Clair & Yuan, 1997). The simplest membership functions are formed using 

straight lines. Of these, the simplest is the triangular membership function. This function is nothing 

more than a collection of three points forming a triangle. The trapezoidal membership function is 

simply a truncated triangular curve. These straight line membership functions have the advantage of 

simplicity.  

Figure 27 showing triangular and trapezoidal membership functions. 

  

 The triangular and trapezoidal membership functions are very popular since they are very easy 

to depict and understand. 

 Two membership functions are built on the Gaussian distribution curve: a simple Gaussian 

curve and a two-sided composite of two different Gaussian curves. 

 The generalized bell membership function is specified by three parameters. The bell 

membership function has one more parameter than the Gaussian membership function, so it can 

approach a non-fuzzy set if the free parameter is tuned. Gaussian and bell membership functions are 

popular because of their smoothness and concise notation. Both of these curves have the advantage of 

being smooth and non-zero at all points. 
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Figure 28 showing Gaussian and bell membership functions. 

 

  Although these membership functions achieve smoothness, they are unable to specify 

asymmetric membership functions, which are important in certain applications. The next type of 

membership function is the sigmoidal membership function, which is either open left or open right. 

Asymmetric and closed (i.e. not open to the left or right) membership functions can be synthesized 

using two sigmoidal functions.  

Figure 29 showing sigmoidal membership functions. 

  

Polynomial based curves are also a possibility. The Z, S, and Pi curves are all named because of their 

shape.  

Figure 30showing polynomial membership functions. 

 

Manually chosen curves can also be designed. Using Matlab (a statistical program) we can create 

membership functions – manually or the ones specified above. The membership function shown can be 

used to define concepts such as 'small', 'medium', and 'large' and the same principles we would apply to 
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define ‗small‘, ‗medium‘, and ‗large‘, can also be used to delineate the difference between e.g. a hamlet 

and a village. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


