Chapter 4
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Arguably, given the rich interactivity of geographic information,
usability applies not only to the systems but also to the content
of those systems: the structure and portrayal of the data and
metadata within them. This is where the usability industry is
relatively weak, and therefore where one of the biggest research
challenges lies.

(Davies et al. 2005)

In the earlier world dominated by paper maps the body of
information described by metadata was a single map, and an
intimate association existed between a map’s contents and
its marginalia. In the digital world, however, the concept of
a data set is much more fluid.

(Goodchild 2007a)

Abstract The Internet has brought many changes to the way geographic information
is created and shared. One aspect that has not changed is metadata. Static spatial
data quality descriptions were standardized in the mid-1990s and cannot accom-
modate the current climate of data creation where nonexperts are using mobile
phones and other location-based devices on a continuous basis to contribute data to
Internet mapping platforms. The usability of standard geospatial metadata is being
questioned by academics and neogeographers alike. This chapter analyzes current
discussions of metadata to demonstrate how the media shift that is occurring
has affected requirements for metadata. Two case studies of metadata use are
presented—online sharing of environmental information through a regional spatial
data infrastructure in the early 2000s, and new types of metadata that are being
used today in OpenStreetMap, a map of the world created entirely by volunteers.
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Changes in metadata requirements are examined for usability, the ease with which
metadata supports coproduction of data by communities of users, how metadata
enhances findability, and how the relationship between metadata and data has changed.
We argue that traditional metadata associated with spatial data infrastructures is
inadequate and suggest several research avenues to make this type of metadata more
interactive and effective in the GeoWeb.

4.1 Introduction

Geospatial metadata is commonly referred to as data about data. Metadata describes
the content, quality, and origins of a geospatial data set. According to the US Federal
Geographic Data Committee (FGDC), which pioneered geospatial metadata stan-
dards in the 1990s, metadata was critical for the online delivery of data, allowing
users to find, understand, and reuse data sets produced by others (FGDC 2000).
Metadata allowed organizations to better manage their investments in geospatial
data and provide information to online catalogs and clearinghouses (FGDC 2000).
The metadata standards were developed when the Internet was in its infancy, but
since then, the use of the Internet as a medium of communication and exchange
among data producers and users has burgeoned. Metadata has taken on a more vital
role in locating and managing the enormous amounts of geospatial data now available
in the GeoWeb (Scharl and Tochterman 2007; Tsou 2002).

There is evidence that many who work with geospatial data sets consider metadata
inconvenient, complex, and difficult to produce, creating a “metadata bottleneck”
(Batcheller et al. 2009; Batcheller 2008; Tsou 2002). Although GIS professionals
may acknowledge the importance of metadata, it often falls off the working agenda.
The paradox of metadata is that while the costs accrue to the data-producing
organization, many of the benefits accrue to the users (National Research Council
2001). Data producers have encouraged their employees to generate metadata by
various means: simple fiat—thou shalt write metadata; providing specialized meta-
data tools; and in some cases by not allowing data to be submitted to a system-absent
completed metadata. Despite these efforts, many data sets lack associated metadata
(for a recent example, see Hennig et al. 2011).

If metadata is a usability issue for data producers, it is equally so for the end
user. In an online discussion in 2010 about geospatial metadata in the GeoWeb
(Fee 2010), a commenter points out that the usability of metadata for discovering
the contents of a geospatial data file can be critically impacted by something as simple
as the title of the data set:

Improve how the metadata Title is constructed. This sounds so basic, but it’s really important
over time. Somehow require the user to create a human friendly Title for their data right up
front, so that the metadata doesn’t default to some cryptic file name. (Haddad 2010)

The producer/user disconnect has been recognized as a key reason that metadata
may impact the usability of geospatial data sets (Comber et al. 2008). The Federal
Geographic Data Committee was advised to improve the usability of geospatial
metadata by structuring data-sharing partnerships to bring data producers and users
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into closer alignment (National Research Council 2001). But the usability problem
does not just consist of the binary of expert producers and nonexpert users; there is
a third element, technology (Moore 2010). Moreover, Internet technologies now
permit users to become the producers of geospatial data (Coleman et al. 2009;
Budhathoki et al. 2008). Experts understand controlled vocabularies and domains,
but their solutions do not scale. Users understand local contexts and use cases, and
they are more numerous than experts, but they do not necessarily understand expert
vocabularies and domains. Machines can process large volumes of data and can be
programmed to identify and process structured data, but they are poor at interpretation
and contextual meaning.

This chapter examines how new types of metadata, spawned in the technology-
mediated shift from the paper world to the online world, might lead to a more usable,
interactive model for metadata. This interactive model would result from active
negotiation among expert data producers, machines—defined here as structured
programs or software—and data users who are empowered by software to produce
data for themselves. This new model overturns the traditional view of metadata
in which information about the data set is simply conveyed through a transparent
communication system from expert to users (Poore and Chrisman 2006).

The impetus for examining the role of metadata in the GeoWeb resulted from
a project the USGS undertook in 2010 to test whether volunteered geographic
information (Goodchild 2007b) could be incorporated into The National Map
(www.nationalmap.gov) of the USGS (Wolf et al. 2011). This ongoing project is using
the database structure and the editor Potlatch 2, developed by the OpenStreetMap
(OSM) community, to collect and manage geospatial data produced by volunteers.
OSM is an open-source street map of the world, created and maintained entirely by
volunteers (www.openstreetmap.org). To support simultaneous use by many different
users and to record a complete history of all edits, the OSM database stores metadata
at the level of the node, which many institutional GIS do not.

In researching the technical aspects of how elements of open and crowdsourced
projects can be adapted to the needs of spatial data infrastructures (Onsrud 2007),
the authors noted a recent uptick in theoretical discussions of metadata in both the
formal GIScience literature and informal discussions online in what we are calling
the geoblogosphere. A search of the Web of Science index shows papers on geospa-
tial metadata increased from 1 to 2 per year to an average of 5 or more per year in
2004, perhaps reflecting an increasing interest in ontologies (e.g., Rodriguez et al.
2005). The geoblogosphere is decidedly nonacademic, but it too has been the site of
prolonged discussions of metadata. A blog post by Fee (2010) “Let’s Save Metadata”
attracted attention from both GIS professionals and so-called neogeographers
(Turner 2006) who are recasting the role of mapping on the Internet. These recent
journal articles and blog discussions form the backdrop against which we evaluate
how metadata is being remade in the age of the GeoWeb.

Our thesis is that there are qualitative differences between today’s collaborative
online mapping projects and the previous generation of multi-institutional data-
sharing projects—spatial data infrastructures. We consider geographic information
and metadata to be media for communication (McLuhan 1964; Sui and Goodchild
2001, 2011; Sui 2008) and explore the relationship between the new media practices
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being developed by the community of neogeographers and the efforts of traditional
mapping endeavors such as The National Map to incorporate citizen contributions.

Media shifts have been profound, and yet metadata practices have not changed
much since the mid-1990s. We categorize media changes that metadata might need
to undergo in four areas:

e Usability—a quality attribute describing how easy it is for the user to interact
with a program or piece of software (Nielsen and Loranger 2006).

*  Support for coproduction of data by communities of users—the recognition that
nontraditional users of geospatial data, whether called neogeographers or “citi-
zens as sensors” (Goodchild 2007b), are producing and sharing large quantities
of geospatial data online. This is related to changes that have been characterized
as Web 2.0 (O’Reilly 2005). This media shift requires metadata to match the scale
and dynamism of the current GeoWeb, reflecting the simultaneous edits of large
volumes of data and supporting applications enabled by online sensor networks
and location-based services (Pultar et al. 2010).

 Shifts in requirements for findability—that is, “the degree to which a particular
object is easy to discover or locate” (Morville 2005: 4), applicable to both indi-
vidual objects and systems.

e Altered relationships between data and metadata—the idea that in the disorder
that is the current Internet, everything is data (Weinberger 2007); metadata and
geospatial data are no longer distinguishable.

To examine changing attitudes to metadata, we draw on online sources, interviews,
and case studies from information-sharing communities both before and after the
so-called Web 2.0 revolution. We consider how metadata enhances the usability of
geospatial data and how metadata itself may have to change to accommodate the
media shift. The first case comes from a study of information sharing by a number
of groups in the Pacific Northwest in the late 1990s as they constructed a regional
spatial data infrastructure to help remediate environmental conditions responsible
for the decline of native salmon stocks (Poore 2003). The second study is based on
a content analysis of online discussions by volunteer neogeographers as they debate
metadata and use an open-source mapping platform to map the streets and buildings
of Haiti in the aftermath of the 2010 Haitian earthquake. Finally, we suggest
alternatives to current metadata paradigms that might bring data producers, data
users, and technology together into one interactive system in which users have more
input into the production of metadata.

4.2 Background

The Content Standard for Geospatial Metadata (CSDGM) (FGDC 1994) was
developed and promoted by the Federal Geographic Data Committee (FGDC) in
the mid-1990s on the cusp of the Internet era. It was further adapted and published
as a standard while retaining its essential form (International Organization for
Standardization 2003). The metadata standard was primarily intended to help large
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organizations manage their geospatial data holdings; accommodating the end user
was a lesser goal. The metadata standard codified common elements to describe
geospatial data including data set identification, data quality, data set organization,
spatial references, entity and attribute information, distribution constraints, and
information about the metadata producer (FGDC 2000). In media transitions,
new media often borrow and repurpose the forms of old media. Because the CSDGM
straddled the paper and the digital eras, it cobbled together elements of two earlier
media forms, the library card and the map collar.

4.2.1 The Library Model of Metadata

The card in the card catalog of a traditional library contained metadata about a
physical object—the book—but the card was just a pointer to the book. It said little
about the content of the book. Once the reader had located the book on the shelf, she
or he had no further need for the metadata—the book was the content. The CSDGM
and its descendants were built using a structured language based on the Standard
Generalized Markup Language (International Organization for Standardization
1986), adapted from the library community (FGDC 2006; Goodchild et al. 2007).
In the metadata standard, information about how the data set should be described
was rigidly specified by logically constrained production rules that identified
each permitted element (or field such as “keyword”), how the elements fit together,
which elements were compound, which could repeat, which were required, and what
expressions were permitted within each element.

This structure allowed metadata records to be parsed by machine. Metadata describ-
ing data sets housed on distributed servers were indexed and stored in a centralized
registry or digital card catalog (FGDC 20006) called a clearinghouse or portal. The
contents of these spatial data portals were frequently not exposed to the Internet at
large to be passively crawled by spiders and indexed for full-text searching by text
engines. Rather, spatial data portals became specialized for geographic information and
relied on the logical structure of the metadata to facilitate precise searches. For exam-
ple, a user could specify a land-use data set in Florida from 2009 using the keywords
from the metadata record and receive just the data set she or he required without having
to wade through a million documents from a Google search on the open Web.

A big problem for the library model is the constant need for updating and main-
taining the catalog (Li et al. 2010). Furthermore, producing metadata that will meet
the requirements of a complex and highly structured standard with 334 elements
is hard. The “added rigor” of adhering to the production rules exacts a huge price in
human labor (Shirky 2005a). Due to the persistent legacy of the library model and
the complexity of the standard, metadata has typically been managed quite separately
from geospatial databases. This has led to an expanding role for metadata managers
or curators who extract metadata from the actual data producers and resolve data
integration issues (Millerand and Bowker 2009; Schuurman 2009). This tends to
distance the metadata from both the data producer and the user.
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4.2.2 The Map Model of Metadata

Having found the record of a potential data set, the user will want further information
about the quality of the data it describes as well as information on how to obtain it.
This is where the CSGDM departs from the library model. The metadata points to
the data, but once one has the metadata, one still does not have the data. Maps and
the geospatial data derived from them do not yield everything a user needs to know,
the former due to its status as an image, the latter because it is expressed in machine
language; thus, metadata takes on an explanatory role in addition to its pointing
function. Like the map collar or legend, metadata contains information about the
contents and quality of the data set.

In the paper world, the map collar provides additional information on the author,
location, map scale, the subject, the symbols used, etc. But even the most detailed
legend cannot adequately “explain” a map (Wood et al. 2010). Most map legends
obliterate the traces of the work practices that went into making the map, compressing
the map information into numbers and other symbols (Latour 1999). Strictly in
terms of processing data, metadata is a narrative form (first we did this, then that).
In theory it can be expansive, describing work processes in detail, but in practice,
like the map collar, it often fails to adequately explain the genesis of the data to an
outside user. In standard FGDC metadata, narrative explanations of work practices
are chopped into data elements and separated from the geospatial database as surely
as though the map collar had been cut away. The severing of metadata from the data
can lead to user confusion in the GeoWeb.

The library catalog as a finding aid depends on the separation of metadata from
the data, but this separation induces new usability problems for the user as well as
rendering the metadata incapable of reflecting the rapid change to database transac-
tions in real time. To suit the media changes that have accompanied the GeoWeb,
metadata must become interactive and embedded directly with the data, reflecting
changes from data producers and users alike.

4.2.3 Interactive, Embedded Metadata in the Digital Age

Amazon.com provides a model for how metadata operates in the online world and
demonstrates the three-cornered relationship of producer, user-producer, and tech-
nology. A search for a book on Amazon will result in a virtual page that contains descrip-
tive metadata similar to that in a traditional library card catalog—typically title, author,
publisher, and publication date. This descriptive metadata points not to the physical copy
of the book but to information about how to purchase a physical or digital copy of the
book, much as in the FGDC model. In addition, Amazon supplies professional reviews
of the book, suggests additional books the user might like based on their past purchasing
behavior and the behavior of other users, and allows the user to easily save a link to
information about the book to a “wish list.” By linking user behavior—search terms and
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purchasing decisions—directly to the book page, Amazon is using transactional
user-centered metadata to enhance usability of the site. In addition, Amazon has sup-
plied a means for users to interact with each other around books by having user reviews
and user lists linked to the page. This ever-expanding universe of explanatory and trans-
actional information, much of it generated by the site’s users, is metadata, even though
it is not formalized or authoritative. This miscellaneous explanatory information is
networked on top of a unified platform that supports multiple simultaneous edits.

Amazon behaves somewhat like a physical library in that the page about the book
(metadata) points to the location where the book can be found. But the book has,
in many cases, also been digitized. As the instance of a physical book, the digital
book can also be called metadata because it is not the “real” book in much the same
way that the map is not the territory (Korzybski 1933: 58). There is no longer a
distinction between data and metadata. As Goodchild (2007a, above) noted, not only
is the concept of a data set fluid, so is the concept of metadata. In fact, metadata is
spatial data (Chrisman 1994). Search provides a way into the information about the
book, but the other metadata is accessed through links. Thus in the user’s experience,
Amazon avails itself of the model of the Internet. The way Amazon deploys metadata
as a rich context of explanatory information follows the new media model described
above. Metadata about the book enhances usability, is produced by communities of
users, and enhances findability of related information.

4.3 Formal and Informal Discussions of Metadata

Two seemingly opposed themes—that geospatial metadata is not simple enough but
at the same time not complex enough—appear in present-day metadata discussions.
The former is most apparent in the neogeography community; the latter among
academics. These are essentially usability issues, though they are different in kind.
As Goodchild notes (2007a, quoted above), the digital age has rendered distinctions
between data and metadata more slippery. In distributed online mapping systems,
usability is a more complex problem than just making a map interface easier and
more intuitive to use. Usability must start with the data and their metadata (see Davies
et al. 2005, quoted above).

4.3.1 “Let’s Save Metadata”: Neogeographers

A challenge “Let’s save metadata” was recently posted on a geoblog (Fee 2010).
Fee’s main complaint is the lack of usability in the FGDC standard, and he cites the
human/machine dichotomy. Producing metadata following the standard and reading
the typical metadata record are hard. Servers can use XML to talk to each other.
“But servers rarely read and write metadata on their own without human interaction.
Thus the reality of the situation is we poor humans have to ingest and parse metadata
regularly < XML > YIKES < 7ZXML>" (Fee 2010). An example of this is the XML
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<?xml version="1.0" encoding="ISO - 8859 - 1"?>
< | DOCTYPE metadata SYSTEM "http : // www . fgdc. gov/ metadata/ fgdc - std -
001 - 1998 . dtd">
<metadata>
<idinfo>
<citation>
<citeinfo>

<origin>University of Florida GeoPlan
Center</origin>

<pubdate>20101220</pubdate>

<title>GENERALIZED LAND USE DERIVED
FROM 2010 PARCELS - FLORIDA DOT DISTRICT 7</title>

<geoform>vector digital data</geoform>

<pubinfo>

<pubplace>Gainesville,
FL</pubplace>
<publish>University of Florida

GeoPlan Center</publish>

</pubinfo>

<othercit>FDOT District 7</othercit>

<onlink>http ://www.fgdl.org</ onlink>

<lworkcit>
<citeinfo>
<othercit>Source -
2010 Automated - 2010</othercit>
</ citeinfo>
</ lworkeit>
< ftname
Sync="TRUE">ETAT.D7_LU_GEN_2010</ftname></ citeinfo>

</ citation>

Fig. 4.1 Snippet of XML code of the metadata for a land-use map of Florida downloaded from the
University of Florida GeoPlan Center

expression of a land-use data set downloaded from the Florida GeoPlan Center
(Fig. 4.1). In practice, this format is rarely encountered—more frequently the meta-
data is rendered by the machine in a more common indented format (Fig. 4.2),
but even this more approachable format demands that the reader do most of the
work of decoding the questions she or he wants to ask about the data set.

What matters to users are answers to the who, what, when, where, how and why
questions, but “those questions are hard to parse out of metadata” (Fee 2010). This
discussion about the usability of metadata and what users really want essentially
rehashes those of the mid-1990s when the metadata standard was proposed, indicating
that there are unresolved usability issues that have persisted for nearly two decades
(Schweitzer 1998).

Professional GIS software such as ArcGIS automates the production of metadata
to some extent, although Fee rightly observes that current GIS software could do a
better job at this. Furthermore, many of the people commenting on this blog online
do not use professional GIS software. Many of the 72 responses can be identified
with the tenets of neogeography, although there were also some responses from
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GENERALIZED LAND USE DERIVED FROM 2010
PARCELS -FLORIDA DOT DISTRICT 7

Metadata also available as
Metadata:

e Identification_Information

e Data_Quality Information

e Spatial Data_Organization Information
 Spatial Reference Information

* Entity_and_Attribute Information

* Distribution Information

* Metadata Reference Information

Identification _Information:

Citation:
Citation_Information:

Originator: University of Florida GeoPlan Center

Publication_Date: 20101220

Title:

GENERALIZED LAND USE DERIVED FROM 2010 PARCELS -FLORIDA

DOT DISTRICT 7

Geospatial Data_Presentation _Form: vector digital data

Publication_Information:

Publication_Place: Gainesville, FL
Publisher: University of Florida GeoPlan Center

Other_Citation_Details: FDOT District 7

Online_Linkage:<http://www.fgdl.org>

Larger Work_Citation:
Citation_Information:

Other_Citation_Details: Source - 2010 Automated - 2010

Fig. 4.2 Metadata shown in Fig. 4.2 in indented format

individuals who could be called professional GIS users from the academia, the
industry, and the government.

There was a general agreement that metadata needed to be simpler to produce
and make. One remark summed up many of the comments. “Unless a caveman can
do it, users won’t read or write meaningful metadata. And relevant metadata must
be stored and travel with the data” (Entchev 2010).

This last point—the necessity to store and transmit metadata with the data—
elicited a good deal of discussion on the geoblog. In our comparison of two case
studies, we show the difference between the standard approach to metadata that has
been developed by the professional GIS community in spatial data infrastructures,
and the approach of the open-source mapping community which is experimenting
with data structures that store metadata at the level of the individual data object.

In an era of too much information, findability becomes preeminent (Morville
2005). Google has accustomed us to the idea that simple keyword searching (land
use, Florida) should be all that is necessary for the user to search for data, and
yet these fields are buried in an overly complex metadata structure (Gould 2006a).
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In fact, if one does a Google search for “land use, Florida”, one comes up with
several FGDC metadata records near the top of the search, based most likely on
the “keyword” field. So the original theory of structured metadata was correct. It can be
useful for findability. The problem in this case lies in the uneven adoption of the
standard and the issue of not exposing more metadata records to the Internet at large.
The need for compliance with a top-down mandate may also have doomed metadata’s
potential. Alternative bottom-up, user-generated taxonomies or folksonomies
(Vander Wal 2007) may work better (Gould 2006b). Capturing and exploiting user
tags, which are the locally generated equivalent of the metadata standard’s keyword
fields, could potentially produce an emergent ontology that would aid findability.
This issue is discussed further below using the example of OpenStreetMap.

4.3.2 Metadata and Meaning: GIScience

There has also been an increase in academic papers on metadata since 2005. In his
review of the adoption and spread of metadata standards since the mid-1990s, Goodchild
(2007a) calls for user-centric rather than producer-centric metadata, emphasizing easy-
to-understand measures of data quality and tools to assess fitness for users’ unique
purposes. This is in concert with the discussions in the neogeography community.

On the other hand, several researchers have moved in a different direction, calling
for more complexity, either a different kind of metadata or further metadata exten-
sions. These arguments largely center on the idea that metadata, as currently struc-
tured, does a poor job of capturing differing meanings, or semantics embodied in a
database (Comber et al. 2008). Schuurman and Leszczynski (2006) have proposed
additional formal metadata categories for data semantics to assist data interoperability,
achieved through database ethnographies (Schuurman 2008). Although machine
understanding of semantics, as embedded in metadata, might be desirable, extending
the metadata standard will complicate an already complex structure. Gahegan et al.
(2009), in their work on community-based knowledge in cyberinfrastructures, caution
that ontologies alone cannot capture meaning because they ignore “use-cases, provenance
data, social networks and workflows.”

4.4 Metadata Top Down

Traditional metadata associated with spatial data infrastructures can be examined
according to the four criteria set out at the beginning of this chapter: Is it easy to use?
Does it reflect coproduction by a community of users? Does it enhance findability?
What is the relationship between data and metadata?

In the late 1990s, federal and state agencies in the Pacific Northwest of the USA
were building a shared, multi-organization regional data set of rivers and streams to
assist recovery planning for the 22 species of salmon that had been listed as endangered
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or threatened in 1999 (US Department of Commerce 1999). Over 40 organizations
participated in the development of a common data model for hydrography (water)
data and built an online clearinghouse fashioned after the FGDC model (Poore 2003).

4.4.1 Usability

The usability of traditional metadata is affected by the compression of work practices,
the modular structure of the metadata, and the separation of the metadata from the data.
Metadata aims to describe the products (data) of work practices (data analysis and data
production) that are mediated by technologies. These practices emerge from situated
learning when communities work together on particular problems (Lave and Wenger
1991). Situated knowledge, being primarily tacit knowledge developed over the course
of a project, is difficult to translate for other communities. An example of what is lost
when working procedures are compressed into metadata can be seen in the records of
stream databases that were kept in the Pacific Northwest Hydrography project.

A metadata record of the stream layer from the Six Rivers National Forest (1999),
which covers a large area of federal land in Northern California, demonstrates the
problem faced by these regional integrators. The process of producing the stream layer
for the forest is described in the metadata, but the work details are of necessity
condensed. The early history of this data is omitted. The ultimate source of much of
the digital data on streams in the Pacific Northwest was digital data derived from
the 1:24,000-scale USGS topographic maps in the early 1990s. These data, known
as digital line graphs (DLGs), were generalized to 1:100,000 scale and shared with
the US Forest Service and other agencies. But the data were inadequate for watershed
level work; the generalizing process omitted much detail on intermittent and smaller
streams, and the maps from which the data were derived were out of date.

To be useful at a local scale within the Six Rivers National Forest, the stream net-
work had to be densified—adding back in the stream information that had been
removed when the DLGs were created. The Forest relied on a then-current densification
process called crenulation to delineate streams that were not included in the USGS
DLGs. The metadata refers to this process and includes a reference to existing practice
(Maxwell et al. 1995). Crenulation is a process of inferring the course of stream chan-
nels by tracing the folds or crenulations down a slope on a contour map. This process
can be traced back to the scientific literature of the 1930s on geomorphology of stream
channels. Thus, a long history of scientific discovery and insight is compressed and
translated into the one word, “crenulation,” that appears in the metadata record. This
process of compression and translation is characteristic of the circulation of scientific
knowledge (Latour 1999), but in order to understand the how the data were created,
the user must dig into various scattered sources.

Eventually, the original Six Rivers water data set was integrated into a larger data
set composed of all the stream layers in the Forest Service’s Pacific Southwest Region
(US Department of Commerce 2004). This metadata record shows further compres-
sion of data techniques and origins. A newer software-based modeling technique,
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based on flow accumulation, was used to densify the streams in several of the
watersheds. The older ephemeral streams from the Six Rivers National Forest that
had been densified by the hand crenulation method were discarded. The link back-
ward to the Maxwell method was severed. Severed as well are the work practices of
aprevious community that drew on a long tradition of local observation and scientific
knowledge. Does the end user of the integrated data set need to know the back story
of crenulation? Perhaps not, depending on the use to which the data set is put, but the
new metadata emphatically warns that there is not necessarily a link between what
the data set portrays and what was directly observed in the watershed:

IT MUST BE CLEARLY UNDERSTOOD THAT THIS DATA SET, AT THIS TIME, IS NOT
INTENDED BY, NOR IS CAPABLE OF, DISPLAYING WHERE WATER IS ACTUALLY
FLOWING ON THE LANDSCAPE.

4.4.2 Community

It is not so easy to reconstruct the community that built these data sets of the
streams. This community is not reflected in the metadata. Nor is there any way to
recover the specific history of this data set. The “Time Period of Content”—a field
in the metadata—only reflects the time at which the data set was produced. It is
static and does not reflect this long history of where the data or the production
techniques originated.

4.4.3 Findability and the Separation of Metadata from Data

As to findability, the results are mixed. We could not locate the original Six Rivers
National Forest data and the Maxwell reference through the National Forest website,
but we were able to find the integrated Southwest Division metadata record discussed
above. After much searching through Google and other sites, we found an Esri geo-
database through the National Hydrography Dataset (www.nhd.gov). The reference
to the Maxwell process was preserved several layers deep in the geodatabase and
without citation of the relevant literature. Findability and usability suffer when the
history of the data is hard to reconstruct through the reorganization of the software
packages and processes by which the data have been conveyed to the user.

4.4.4 Metadata Bottom Up or Metadata Squared

Digital media have spawned new practices for categorizing data. Classification
practices that were adequate for the physical world, in which each unique object had
a unique place, have of necessity changed (Shirky 2005a). In the digital world, an
object can be in many places at once and can be “about” many different things at
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the same time, leading to a proliferation of information. This proliferation demands
networked user-generated classifications, a bottom-up ontology, a “new order of order”
(Weinberger 2007).

4.4.5 OpenStreetMap

OpenStreetMap (OSM) (http://www.openstreetmap.org) was started by Steve
Coast in 2004 (Wikipedia 2010). The goal of OSM is to make an all-volunteer
online map of the world that will be free of use restrictions and open to all (http://
wiki.openstreetmap.org/wiki/FAQ). Anyone can edit the map, discuss the map, cre-
ate tutorials and other explanatory material, freely access the data, and influence the
future direction of the map. OSM volunteers are attracted to the project through
engagement with the online data and mailing lists. Frequent mapping parties, held
throughout the world, solidify the community by adding the face-to-face experience.
A distinctive feature of the wiki software that underlies OSM is a history of all changes
to the map over time. OSM can be evaluated according to the same criteria used for
evaluating traditional metadata: usability, coproduction by community, findability,
and an altered relationship between data and metadata.

In OSM, there is no longer any separation between map and collar, that is, the
data and the metadata. This is a new type of mapping medium. The map becomes a
platform or canvas on which the user is invited to draw, that is, to edit the map.
Users are motivated to contribute to the map for various reasons (Budhathoki 2010),
including the strong user community, but a desire to assert creativity is important
(Budhathoki 2010). The system supports almost instantaneous updates, validating
the mapping platform as a creative endeavor.

The data structure also gives the OSM community the ability to respond quickly
to emergency situations in which better maps are needed. Volunteers from across
the globe began mapping the street network in Haiti within hours of the earthquake
in January 2010. Announcements on the OSM wiki, mailing lists, and social
networking spread the word about the need for mappers. Face-to-face crisis camps
brought together at least 700 mappers in cities around the world to map (Waters
2010). High-quality satellite images released for public use by GeoEye and
DigitalGlobe were the primary vehicles, along with old CIA maps from the 1940s,
that volunteers used to trace streets and buildings in the damaged areas (Silver 2010;
Maron 2010). The resulting maps were used by many organizations in the response
and recovery (Ball 2010). The community organized and coordinated itself entirely
using the ancillary metadata that surrounds the map.

4.4.6 Metadata Types

There are two different types of metadata preserved by the OSM platform: object-
level metadata and ancillary metadata; there is no overarching metadata document
as in traditional geospatial data. Object-level metadata is incorporated directly into
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the data structure, making no distinction between data and metadata (Weinberger
2007.) The data is very simple and expressed in XML. Data elements or data
primitives are nodes (a point expressed in latitude and longitude), ways (ordered
interconnection of nodes), and relations (sets of nodes or ways) (http://wiki.open-
streetmap.org/wiki/Data_Primitives). The metadata identifies the node, its coordi-
nates, the user who created the node, the editing session (changeset) of which itis a
part, the version number of the edit, and the date and time it was edited. Elements
can have any number of user-generated tags, consisting of a key and a value. Below
is an example of OSM metadata drawn form a user-created map of Port-au-Prince,
Haiti, in the aftermath of the earthquake.

<node id=“613826766" lat="18.5450619” lon="-72.3305089” user=‘samlar-
senl” uid=%5974" visible="“true” version="“2" changeset="3636891” time-
stamp="2010-01-16 T23:34:347”>

<tag k="building” v="collapsed”/>

<tag k="source” v="“GeoEye”/>

</node>

In this case, the node is identified as a building that is collapsed (e.g., tag
k="building”, v="collapsed”). The source is from a particular user, samlarsenl,
who digitized the node based on the GeoEye imagery of Haiti.

Because OSM changes continually over time, sometimes quite rapidly as in the
Haitian earthquake crisis, object-level metadata is necessary. Object-level metadata
facilitates the communal character of map production. Changes to the map can be
tracked, and the history can be “rolled back™ to a previous state easily if an error is
detected by another editor.

In addition to the metadata that resides directly in the data structure, there is a
vast, swirling universe of ancillary data describing the map, explaining how to use
it, and facilitating community discussion and debate. These data are quite diverse,
consisting of computer programs, tiling schemes, IRC chat rooms, YouTube video
demonstrations, tweets, e-mail discussion groups, and wiki pages. All of these are
socially mediated, produced by the community, and accessible to any user. They are
not unlike the Maxwell manual described in the hydrography example above—not
formal metadata but associated documents that can amplify the meaning of the
data by describing mapping practices. In the format of traditional metadata, these
linkages are often lost. But in the GeoWeb, there is no extra expense in linking to
them. These ancillary data are much like the cloud of information surrounding
digital objects on Amazon.com. We refer to this as metadata squared due to the
possibility of endless proliferation.

The community of users makes final decisions in OSM, unlike Wikipedia, where
edits are semi-anonymous and controversial topics are supervised by a group of
editors. In OSM, one must have an account to edit the map, making the user not
only identifiable but also accountable to the community. Trust is placed in the adage,
common among open-source computer programmers, that “given enough eyeballs,
all bugs are shallow” (Raymond 1999). Questions about the map can be posted on
the wiki help pages. Users vote for their favorite question and badges are awarded
for participation in answering. This gamelike feature serves to build community.
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OpenStreetMap View Edit- History Export GPS Traces  User Diaries log in | sign up
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Make a Donation 30021616, v4

Showing page 1 (1-20f 2)

Download Changeset XML or osmChange XML

Fig. 4.3 Port OpenStreetMap changeset 3654854, screenshot from www.openstreetmap.org

One can search for a particular user in the wiki. This redirects one back to the
user’s page in the map interface. The page for the user “samlarsenl,” who edited
the node discussed above, lists the areas that he has mapped and links to a history of
his edits. One editing session (or changeset) took place on January 18, 2010 (Fig. 4.3),
when Larsen mapped a road southwest of Port-au-Prince near Grand Goave.
This page is undeniably metadata. It gives the geographic location of the nodes the
user has contributed, the editing software used (JOSM), the imagery from which the
mapping was derived (Digital Eye), a list of the nodes, and the roads (ways) that
the nodes contributed to.

Each of these nodes and ways has its own dynamically generated page with a
graphic designed to facilitate human exploration of the data. For example, on the
main page for changeset 3654854, the user can click on the graphic, bringing him
or her back to the full OSM map so he or she can see the geographic context in
which the nodes and ways fit.

This close coupling between wiki, map, and user information and the deployment
of different media makes for a rich understanding of the data set. In addition, the user
has the ability to download this changeset or any number of other changesets that
might have been produced by “samlarsenl” or other users. Users can manipulate this
changeset data and its associated metadata in many different ways, by user, by tag, or
by geographic area. Examples of relevant code are given in the wiki. In addition,
programmers who work on OSM have begun to construct various tools to manipulate
user tags to provide interesting ways to visualize OSM data. For example, Tagwatch
aggregates user tags three times a week and provides statistical information on which
tags are being used by the community (http://tagwatch.stoecker.eu/).

A tag is a key =value pair that can be attached to the nodes, ways, relations and
even changesets (http://wiki.openstreetmap.org/wiki/Tags). Tags serve a role similar
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to attributes in a more traditional, relational database model except that they are not
constrained by a top-down schema. The content of tags is up to the user. Any tag can
be used, as long as it is verifiable, although this is not strictly enforced. If a user
cannot find a relevant tag, he or she can propose a new tag which is voted on by the
community. This can lead to confusion, as demonstrated by the tags that emerged
during the Haiti mapping. Collapsed buildings were identified in a number of different
ways, as “‘earthquake:damage=collapsed_building”, “earthquake:damage=collapsed”,
“building=collapsed”, and several misspelled variants. Tags recommended by the
community for use in future disasters reflect the most frequent usage.

As OSM matures, tag analysis with such programs as Tagwatch could be used to
generate a user-centered, bottom-up ontology (Shirky 2005b). Work in the library
community advances the notion that social semantics—relationships between tags
generated through a social process such as OSM participation—can capture local
meaning best and can be disambiguated and systematized using controlled vocabu-
laries (Qin 2008). In the case of geospatial metadata, OSM tags on structures
could be compared to a controlled database such as the USGS’s Geographic Names
Information System (http://geonames.usgs.gov/domestic/index.html) to generate a
gazetteer that would include semantic relations as well as unofficial names for structures
that mirrored local customs.

4.4.7 Evaluation

In terms of the criteria for evaluation—usability, coproduction by community,
findability, and the altered relationship between data and metadata—the OSM approach
to metadata seems to do well at accommodating a community of mappers who are
not necessarily professionals and allowing for simultaneous, distributed updating.

The Humanitarian OpenStreetMap Team (HOT) (http://wiki.openstreetmap.
org/wiki/Humanitarian_OSM_Team) in the Haitian crisis demonstrated the rapidity
with which maps could be made of an area that had not been not previously well
mapped, and these maps were widely used by first responders (Osborne 2010).
The simplicity of the underlying data structures and the built-in support for distrib-
uted communications in OSM provided a platform which could rapidly scale for
multiple simultaneous edit sessions during crisis events.

Usability: Fitness for use is one aspect of usability most familiar to professional
mapping endeavors. However, there are places, such as Haiti, that are poorly
mapped, if they are mapped at all. Any given map of such a place is useful when
compared to having no map at all. The OSM data have the added benefit of being
free from governmental or corporate license restrictions. Furthermore, crowdsourced
maps tend to improve over time. In Europe, OSM data are nearing the positional
accuracy of data from the national mapping agencies, many of which restrict the use
of their data (Haklay 2010a). OSM data has also proven useful for commercial
interests such as MapQuest.
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But just because these maps can be useful, especially in areas where there are no
maps, does not mean that all aspects of usability for the end user have been carefully
considered. Usability refers to the interactive affordances of the system as a whole.
How easy is it to find, access, edit, or understand the data? In his analysis of the
completeness of two volunteered data sets—the OSM map of Haiti produced by
the volunteers of the HOT and a map of Haiti produced by volunteers working
within Google Map Maker (GMM)—yversus a more official data set produced by the
United Nations Stabilization Mission in Haiti (MINUSTAH), Haklay (2010b) found
that the official data set was the most complete. Each data set contained features that
the others lacked; however, the lack of metadata to explain data semantics, which
differ among the maps, would make it difficult for the end user to integrate the three
data sets. Even though the OSM and GMM data were produced by volunteers
aligned with the neogeography community and the MINUSTAH data were produced
by professionals, the OSM and Map Maker data were delivered to the user in a
manner similar to traditional GIS products. That is, knowledge of the semantics of
the data was left to the end user to interpret. The MINUSTAH data set contained
operational geographic information such as road conditions that reflected its use for
humanitarian workers in the field. In an online discussion that followed this analysis,
discussants generally agreed that in situations where there are specific first-responder
needs that are not being met by the metadata that accompanies generic data sets,
some intermediary is needed to translate or adapt the data to these needs. Thus,
metadata can directly impact the usability of the data sets and the tools.

Some users of the two mapping platforms in Haiti argued for simplicity, claiming
that the proliferation of metadata squared made things more difficult:

I believe that GMM can be a serious competition to OSM if it is simpler to use, easier to
learn and thus more inviting to the casual newcomer. With GMM you have one way of map-
ping a simple item e.g. a bicycle track. Everybody can do it in ten minutes, no questions
arise. With OSM you have two major tools, a huge load of tags, a wiki, a forum, several
mailing lists, three different answers to the question, pages of contradictory documentation,
plenty of old discussions and after working through all this, you realize that the question
has not been resolved yet. I can see how many people would prefer the simple way offered
by Google.—Nop” on January 1, 2010 [OSM-talk] Countering Google’s propaganda.
(http://lists.openstreetmap.org/pipermail/talk/2010-January/046358.html)

Findability: In a paradoxical way, the proliferation of explanatory material,
dueling tags, and community discussions that makes OSM useful and usable is
the essence of findability in the media shift that has taken place in the GeoWeb.
Morville (2005) describes the shift from theories of information retrieval, on which
catalog-centered traditional metadata is based, to information browsing or foraging, in
which a number of different strategies are used and the information seeker does not
proceed by systematic logical steps but by pursuing leads as they emerge (Bates
2002). Information seeking relies on context, the frame of reference, environment,
or setting within which information seeking is performed (Courtright 2008). So do
usability and usefulness.

Community: The environment created by OSM with its links back and forth
between the graphic, the textual, and the interactive differs from the spatial data
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infrastructure notion of neatly contained and formalized data—the catalog, the data
element, and the interface. Context is community and community has a close affinity
with gossip and recommendation culture of the current Internet. For people active
in OSM, being able to help decide what to map may be of equal importance as the
act of mapping. For the neogeographers, being able to shape the direction of the
project and the map itself augurs well for a profound shift in media from the old
geospatial world.

4.5 Conclusion

It has been suggested by Goodchild (2008) and Schuurman and Leszczynski (2006)
that formal metadata standards need to be rethought to become more user-centric.
They also propose adding new data elements to metadata for nonspatial attributes.
This would afford the user better access to the context beyond technical and geometric
elements and convey the tacit information that went into the making of a data set.
Goodchild (2008) would augment current metadata about data geometries and lineages
to better express data quality in data sets of mixed origins. These are both good
suggestions, but we argue that the practices of neogeographers in the GeoWeb have
shown that the metadata genie may be already out of the bottle.

The Internet has supported greater and greater interactivity, user collaboration,
and the co-creation of geographic data. Metadata generated both automatically and
by direct user contribution from descriptive and transactional work practices is closely
coupled with the geographic data itself in these new GeoWeb systems. This prolif-
eration of metadata, or metadata squared, facilitates finding, assessing, using, and
making geospatial data.

What is the balance between centralized formalized metadata and the freewheeling
metadata of an open-source community such as OSM? We argue that the neogeographers
and the academics are both right. Standard metadata is not simple enough and at the
same time not complex enough to give the context of data creation. These problems
largely result from the media shift we have described. Many people find traditional
metadata hard to manage, hard to produce, hard to use, and based on an outmoded
static model of the way the Internet works. In theory, traditional metadata could
be considered superior to the messy pseudo-metadata of OSM in its precise descrip-
tions and consistent terminology; however, the difficulty lies in getting people to
conform to the rigorous standards and keeping them updated. Formalized cataloging
systems cannot scale at rates that match the growth of information in the GeoWeb.

Systems like OSM provide a lower cost of entry for producing and using data.
The metadata is simplified and object-based, allowing for flexibility and rapid devel-
opment. The ability to freely download both data and metadata supports emergent
use. The proliferating ancillary material, the metadata squared, may be difficult to
navigate at times, but the internal linking and the ability to switch back and forth
rapidly between text and graphic modes make for an environment that can be richly
rewarding for discovering meaning. The map grows and gains validity from the
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instantaneous feedback among users. And this growth can occur at exponential rates
not realized by mapping agencies.

The OSM community might become more organized over time. Weber (2004)
observes that open-source software projects can become powerful magnets that
attract standards. As discussed above, there is talk on the OSM lists of developing a
formal ontology of disaster-related terms. Van Exel and Dias (2011) are exploring
how analysis of user behavior in OSM can serve as a proxy for trust and authority.
Spatial data infrastructures could benefit by looking at the close coupling of the map
and its explanatory context and could develop better systems for encouraging user
feedback, as the USGS research on volunteered geographic information referred to
above may show (Wolf et al. 2011; van Oort et al. 2009).

As one geoblogger put it:

Traditional concepts like error bounds will fundamentally change because data collection is
no longer happening on an annual basis, but will occur persistently from millions of globally
distributed sensors. Error will be a fluid concept and not a static measure. Metadata needs
to also change to be a fluid concept. The requirement for dedicated GIS metadata librarians
with hundreds of metadata elements will not scale. Most importantly I think we need to stop
thinking of the crowd as volunteers and amateurs. We should think of them as data collection
points. This new reality is going to require innovative concepts around not only leveraging
the crowd for data, but also using the crowd to ascertain the veracity of data. The crowd
needs to be leveraged to verify and update metadata. (Gorman 2011)

The suggestion that people should be thought of as “collection points” along with
Goodchild’s (2007b) idea of “citizens as sensors” dehumanizes the relationship
between people and the places they inhabit. The suggestion that the “crowd” should
be treated as a field of automata dismisses the immense value of possibly capturing the
individual’s (or localized community’s) unique perspectives on place. The key here is
to allow interaction and feedback (Grira et al. 2010). A system like Tagwatch might
be leveraged into an ontology based on user tags. Van Exel’s work on trust and author-
ity might provide the basis for a system of metadata verification produced by users.
The ongoing work on qualitative GIS and metadata (Schuurman 2009) could lead to
new avenues for enriching metadata. In short, the research frontier on how user-gen-
erated data might contribute additional meaning to the GeoWeb starts with metadata.
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