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Abstract

Volunteered geographic information is a new and growing source of
information for generating accurate maps which display various landscapes and
populations. This thesis discusses the definitions, history and theory of VGI with
an eye toward its practical applications for geographic and environmental
research. A major issue with the practical application of VGI is uncertainty about
how to measure and characterize data quality. This thesis investigates issues of
data quality for VGI by using the International Standards Organization framework
for data quality assessment for geographic information. The individual data
quality elements for geographic information are defined and measures appropriate
for VGI are proposed. Three case studies are detailed and the results conclude that

the quality of volunteered data depends on both context and content.
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1. Introduction

Volunteered geographical information (VGI) has emerged as a new paradigm of
data production in geography due to advances in technology that have facilitated
communication and collaboration between people on a global scale. VGI can be defined
as “user generated content within a spatial context,” (Goodchild 2007, 212). The
definition provided by Goodchild for VGI is purposefully vague because VGI can
encompass so many different types of geographic information. Because of this, VGI can
be considered to fall into the category of non-expert information common to Web 2.0
activities such as wikis and crowdsourcing. NeoGeography has emerged as an alternative
to traditional academic geography or paleogeography; VGI is a new science in which
there is “a blurring of the traditional roles of subject, producer, communicator and
consumer of geographic information” (Goodchild 2009, 82). This commingling of
source, resource, creator and user leads to a new cartography, where collaboration and

democracy are integrated as an essential aspect of NeoGeography (Turner 2006).

1.1 Overview

While the term VGl is widely used in academic literature, some have argued that
the name volunteered geographic information is semantically misleading, because
‘information” implies meaningful analysis which is built upon data points and their
presentation or interpretation, thus it would be an improper label for a primary data
source (Rinner and Fast 2013). Essentially, geographic information is information with a
location component, which differs from geographic data because it may incorporate

multiple sources of data as well as draw or infer conclusions about that data based on



presentation. Translating data into information requires an understanding of what is
represented by the data, which includes an assessment of data quality. Furthermore, a
geographic information system incorporates hardware, software, applications, and data,
whether user-generated or from other sources (Rinner and Fast 2013).

Volunteered Geographic Information Systems; “VGI-S” as outlined by Rinner
and Fast (2013) goes beyond data and incorporates the input of the researcher who
assembles data into meaningful conclusions, VGI-S employ hardware, software, data and
application components, “HSDA”, and input, management, analysis and presentation
“IMAP” functions, to transform web-based user-generated geographic data into
information” (Rinner and Fast 2013). In other words, Volunteered Geographic Data
(VGD) differs from VGI and VGI-S in that it provides raw data (points, polygons, or
lines typically) which are parsed and analyzed through the VGI-S in order to produce
VGI. The process by which different types of data, including VGD, can be rendered into
information by using a GIS system (Rinner and Fast 2013; Tomlinson 2003).

However, the precursor to this process is an assessment of the underlying data
quality of the VGD, which in part, will be determined by the data, and in part, by the
intended use of the information product. Figure 1 also illustrates the role computers and
humans play in performing analysis through functions and interactions with the stored

data (Rinner and Fast 2013; Tomlinson 2003)



Figure 1 Parts of a Geographic Information System (Tomlinson 2003)

Parts of a geographic information system

“~WOoOO O»x

|

| ternet-ntranet
} Servers
| Wieeloss
|

|

h
.
.
.
nokxaing I -
Magps andd striutos '
Sutvry Meassements l Computer , "Z:“ ;’w i
Pratograrmetry programs 1o cary N Digtal to
(rages out analysis operator control ¢ - Othewr systems and servers Source:
G#S l | internot, intranet, WAN or LAN .
— : Irdotnat sotvor Tomlinson
' Wroless
I - (2003)

Propretay 10 and copyngft Dy Tomiinson Assocssies Lid Consuiing Qoographers

There has been extensive research into the quality of traditional geographic
information, which has led to the creation of data standards as set out by the International
Organization for Standardization, including ISO/IEC IS 19113:2000 2002; ISO/IEC IS
19114:2003 2009, 1ISO 19138:2006 and 1SO 19157:2013. ISO 9000 is a family of
standards, related to quality management systems. These specifications define quality as

the degree to which a set of inherent characteristics fulfills requirements. Content quality



is related to whether this content is useful or not for a user’s purposes. In user-generated
content, data quality, a qualitative concept, is also associated with the user’s trust in the
content (a subjective concept); this leads to a connection between content quality and the
original provider’s authority (Brando and Bucher 2010). For example, data contributed to
a VGI system by an employee of a national mapping agency may be perceived to have

higher quality than that of an ordinary citizen.

Many researchers believe that VGI offers significant potential to bring mapping
and spatial data collection to citizens e.qg., citizens as sensors and provide researchers
with new sources of data for previously hard-to-survey social and environmental
processes(Goodchild 2007). Because VGI is usually inexpensive and accessible to many
more people than solely professional cartographers or national mapping agencies, VGI
has a huge potential to engage citizens in place-based issues and provide significant,
timely, and cost-effective source for geographer’s and other spatially related fields of
research and management (De Longueville, Smith and Luraschi 2009, 73). These
purported benefits have served to increase the interest in assessing both the potential
applications and current limitations of VGI.

However, the benefits of VGI as a replacement or supplement to traditional Gl are
also a source of debate and point of contention amongst geographers and cartographers
(Heipke 2010). For example, while some research has demonstrated that VGI can be of
high quality similar to that of traditional GI (Haklay 2010), the distribution of submitted
data follows areas of easy accessibility (Haklay and Muki 2013) or interest wanes after

initial enthusiasm in a VGI project and that can have a negative effect on the quality



(Coleman 2009). Thus it is necessary to provide tools that can help to distinguish
between different sources of VGD and different intended uses of derived information
products which can therefore provide a rationale for allocating financial (and other)
resources to the uptake of VGI in both research and practical applications. Even in cases
where research is conducted, the funding that is required for implementation can serve as
another disincentive for supporting VGI applications. Thus, the goal of this paper is to
use the existing framework of the ISO standards for geographic information quality and
relate them specifically to VGI in order to justify further investment in VGI. By
developing a series of metrics that can provide tangible verification of the claims
regarding the merits of VGI, the quality of VGI data can be evaluated more effectively.
After VGI metrics have been introduced, three case studies will illustrate the practical
uses of user provided data for the geographical sciences.

To develop explanatory metrics, the methods of determining the quality of the
information obtained through VGI must be thoroughly evaluated and defined. High
quality data is often associated with positional accuracy. Positional accuracy is used to
“describe the quality of geo-data collected and produced with a commissioned effort,
which entails a specific and uniform method to gather and process the data” (Excel, Dias
and Fruijiter 2010, 213). Furthermore, it is also important to keep in mind that positional
accuracy itself is affected by a wide variety of factors. As Helbich and Amelunxen note,
“the positional accuracy of collected data is affected by different influences, [such as] the
technological bias like the accuracy of the GPS-receiver used, different data acquisition

techniques (e.g. digitizing), or subjective knowledge about the data gathering process”



(Helbich, Amelunxen and Neis 2012, 28). As the literature demonstrates, there is a
technological and interpretive component that impacts the quality of gathered and
processed data. Namely, the process by which users acquire and catalog geographic
information can affect the quality and usefulness of the data.

The primary shortcoming of these methods of assessment is that they rely on a
single dimension to assess the quality of the data submitted. However, there are many
aspects of data quality within VGI that extend beyond mere positional accuracy.
Expanding upon accuracy-based assessment metrics, there are alternative accuracy
determiners, including lineage, attribute accuracy, logical consistency, completeness,
semantic accuracy, usage, purpose, constraints, temporal quality, variation in quality,
meta-quality, and resolution (Excel Dias, and Fruijiter 2010, 213). These alternative
metrics can also be utilized in lieu of or in compliment to metrics that contribute to
accuracy determiners. By taking multiple metrics into account, a more complete view of
the accuracy and relevancy of geographical data can be achieved.

It also must be noted that, when it comes to the modern field of cartography,
concerns about accuracy are commonplace. This can be attributed to the prevalence of
inadequately educated and poorly trained individuals who can nonetheless provide
information about locations and mapping. Haklay et al. (2010) argue that the issue of
spatial data quality is a clear challenge in the area of volunteered geographic information.
The data that are contributed to VGI projects do not comply with standard spatial data
quality assurance procedures, and the contributors operate without central coordination

and strict data collection frameworks. In consideration of these concerns, additional



precautions must be taken to ensure the veracity of the data that is collected. Furthermore,
any employed framework should consider the methodology of data collection. (Haklay et
al. 2010)

Additionally, factors like user ratings of restaurants or the rating system for hiking
trails encompass subjective opinions that are difficult to verify empirically as they may
not be comparably quantifiable (De Longueville, Smith and Luraschi 2009). For the
purposes of this paper, VGI is defined as user-created positional data with descriptor
attributes. This definition of VGI is more in line with traditional geographic information
representations that include point, polygon or line spatial data, in addition to attributes
that do not include personal opinions. These attributes may include names or points of
interest which could be assessed for nomenclature consistency and positional accuracy
(Sharma 2011).

Assessing the nomenclature consistency allows for a simplified appraisal of the
attribute data. (Burrough, van Rijn and Rikken 1996). The attribute data which is an
outlier, would illustrate the need for further analysis to see if the outlier is important.
Little research has been conducted in terms of measuring and quantifying quality for VGI
(Brando and Bucher 2010).

International standards are important in order to compare and evaluate the quality
of data and its subsequent analyses. There has been a significant amount of research into
the quality of GI, much of which centers on the ISO 19113 and 1SO 19114 (ISO/IEC IS
19113:2000 2002; ISO/IEC 1S 19114:2003 2009) quality principals for Gl outlined in

Table 1. The latest ISO standard for the quality of geographic information is ISO



19157:2013. The flowchart for ISO compliance including 1SO 19114 and other relevant

data collection standards is outlined in Figure 2.

Figure 2 Flowchart for ISO Standard Compliance (Ariza n.d.; Ceballos and Reyes-Gatica

n.d.)
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Geographic data is an ongoing area of 1SO standards development, as
technologies and the contexts in which data is used evolve. Busch and Willrich (2002),
Caspary, Wilhelm, and Joos (2002) and Poser and Dransch (2010) all emphasize the use
of the ISO elements and subelements of data quality for assessing the quality of
geographic information. ISO standards help to eliminate or mitigate the many factors that
favour errors in the production and handling of geographical information such as:
experts’ and users’ lack of knowledge, poor command of technical aspects, ignorance

about databases genealogy, etc (Ceballos and Reyes-Gatica n.d.).



1.2 Research Goals and Objectives

This research is intended to help fill the gap between current research on quality
of GlI, user submitted data, and VGlI, and the concept of fitness-for-use (Grira, Bedard
and Roche 2010; Sui, Elwood and Goodchild 2013). The primary research goal is to
understand related components of data quality for VGI and how to measure these
components. Using existing data and three case studies, this research will quantify and
predict VGI quality and determine the fitness-for-use for different applied contexts
related to social and environmental research. Table 1 helps to delineate the different
elements and metrics of data quality which can be taken into account when evaluating the
overall accuracy of VGI data. In simple terms, maps created by means of user-generated
data can be compared to maps created by professional cartographers in order to determine

accuracy.

Table 1 Elements, Subelements and Evaluation Methods for Gl

Data quality Data quality subelements Evaluation method
elements
Omission Compare count of items in dataset
Completeness . against count of items in reference data.
Commission
Count the number of features and
relationships which violate the
Conceptual consistency conceptual schema.
Compare attributes against acceptable
domains. Count the violations.
Logical Domain consistency
consistency Compare the record structure for all
items to field definitions. (Boolean
Format consistency result)
Check the boundaries for closure or
duplicates. Count the number of
Topological consistency inconsistencies.
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Positional
accuracy

Absolute or external accuracy

For each node measure the error
distance between absolute coordinate
values of the node in the dataset and
those in the reference data. Compute
RMS from error distance.

Relative or internal accuracy

Measure the relative error distance
between relative coordinates values,
compute RMS from error distance.

Gridded data position accuracy

Measure the error distance between a
gridded point and the reference data,
calculate RMS from error distance.

Temporal
accuracy

Accuracy of time measurement

Measure the difference between
occurrence in the dataset and in the
reference data. Compute RMS from
time difference.

Temporal consistency

Confirm the temporal order (Boolean
result)

Temporal validity

Check to confirm the date of acquisition
is true (Boolean result)

Thematic
accuracy

Classification correctness

Compare classified item against true
class using Kappa coefficient.

Non-quantitative attribute correctness

Compare non-quantitative attributes
against those in the universe.

Quantitative attribute accuracy

Measure the difference between
quantitative attributes and those in the
universe, compute RMS from the

difference.

Sources: (ISO/IEC 1SO 19113:2000 2002; ISO/IEC 1S 19114:2003 2009.)

2. Literature Review

VGl in the form of downloaded digital data is a newer data source than traditional

VGI (Goodchild 2007). An example of previous forms of VGI, such as the Christmas
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Bird Count (CBC), would engage volunteers to go out and collect avian data for the
National Audubon Society, which would subsequently publish the results in hard copy.
Being over 100 years old, the Wiersma shows there has been significant criticism
regarding lack of accuracy and quality with the CBC (Wiersma 2010, 1-9). New data
collection methods may involve mobile devices, including GPS-enabled phones, which
allow geotagging of images, tweets, and other data points which may be utilized as VGD.
Newson and Noble (2003) discuss how ArcGIS is a valuable tool for visualizing bird
species by combining multiple sets of data, some of which include VGI.

With advances in technology, VGI projects, including those such as the CBC,
have adopted new means for collecting and distributing data. Nunez-Redo et al. (2011)
explain how updated VGI projects that use modern technology, such as internet tools,
“allow active user participation that is becoming a massive source of dynamic geospatial
resources.” Davis (1996, 421) also explores how the connectivity provided by the internet
can “greatly enhance GIS productivity, particularly for users largely out of the world
mainstream of activities, such as much of the Third world.” When expert data is
unavailable or out of date, volunteered geographic data can be an effective way to
generate useful geographic information.

Furthermore, one only has to look at the popularity of technologies such as
Google Maps and Mapquest to see the widespread usefulness of these technologies and
the willingness of the general public to adopt them. Businesses and consumers rely on the
ability to get directions, map out clients or prospective sales, and track couriers and

messengers (Wang and Strong 1996). Open-source mapping efforts such as
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OpenStreetMap demonstrate that there are also alternatives for consumers and creators of
mapping data.

Fortunately, for those who rely on these technologies to make their day-to-day
lives and tasks easier, collecting VGI is no longer a long or difficult process. In fact, due
to the ease of collecting VGI, there has been an increase in VGI availability (Wiersma
2010). As downloaded raw data, user-created Gl is an untested source and currently is not
fulfilling its potential as a new source of data available to researchers (Sui and Delyser
2012).

Goodchild (2007; 2009) finds many problems with user-generated data. There are
numerous issues with data which can be submitted by anyone, including the accuracy of
such data, the potential for such data to violate privacy and raise privacy related concerns,
and the negative effect that a reliance on user-generated data could have on more
conventional, proven, and widely accepted methods of gaining such information.
Goodchild (2007, 212) explains that “anyone with an internet connection can select an
area on the Earth’s surface and provide it with a description, including links to other
sources.” This is where the problem of open access arises, because many submitters of
geographic data are not trained as professional cartographers.

If any person who can get on the internet can offer up some information, there is
no way to determine its accuracy other than through validating it by knowledgeable,
professional cartographers. That in and of itself takes a great deal of time and would lead
to cartographers, who could be spending time on more valuable pursuits, wasting a lot of

time and energy checking information that is not in the least bit factual. Hopefully,
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cartographers would be able to spot non-factual information fairly quickly and dismiss it,
but that still requires a lot of time that cannot be replaced. Furthermore, one has to
wonder why society is currently fascinated with letting the citizen scientist contribute to
fields they possibly know nothing about. For example, most laymen are unable to
contribute meaningfully to the field of physics; thus the trend toward user-generated data
is, for the aforementioned reasons, not one that certain industry professionals and
researchers are particularly fond of (Goodchild, 2009).

However, this type of collaboration is becoming increasingly popular in the field
of geography among other research disciplines which have an appetite for vast amounts
of data. Internet collaboration which facilitates information sharing and user-created
content is referred to as Web 2.0 (Anderson 2008). Web 2.0 allows users to upload and
display whatever type of information they so choose, including spatial information
(DiNucci 1999). Web 2.0 is a phenomenon that has started to become the norm in the
past decade. One mainstream example of a Web 2.0 application is Wikis, which were
originally adopted by large companies so that many users could collaborate on a single
project. Internet collaboration became popular in the geographic community when users
started to build online communities to display spatial information visually(DiNucci
1999).

As in the software world in general, open-source products differ in significant
ways from their proprietary counterparts. They are generally free to use, and their code
and datasets are much more transparent than commercial offerings. Companies like ESRI

may charge steep amounts to users for GIS solutions which are closed-source. Though



14

they may offer greater support and training than open-source solutions which are usually
supported by communities of volunteers, software suites such as ArcGIS lack the
freedom and transparency of open-source mapping tools. There are a number of open
source GIS tools available, but they are generally not as robust or well-supported as
ESRI’s ArcGIS. For example, Chen et al. (2010) describe how the coding languages
Python and Eclipse have been used to create completely open-source GIS packages,
rather than simply in the creation of scripts to be used for extending the capabilities of
ArcGIS. Butler (2004) also describes the vast capabilities Python scripts provide for
expanding ArcGIS beyond its intended capabilities.

Despite the controversies regarding the use of closed source software for research
purposes, ArcGIS is by far the most widely used GIS product: according to a survey “of
nearly 40,000 GIS professionals found that ArcGIS is the dominant GIS platform, with
78% of respondents reporting that they used ArcGIS or related ESRI products and only
27% reporting that they used the next most popular GIS product” (Roberts 2010).
Additionally, “ESRI software is used in more than 350,000 organizations worldwide
including each of the 200 largest cities in the United States, most national governments,
more than two-thirds of Fortune 500 companies, and more than 7,000 colleges and
universities”(ESRI 2014). Open source mapping projects which compete with corporate
offerings are, however, becoming more popular. The web hosts a number of GIS products
which may be commercial, non-commercial, closed-source, open-source, or a mixture of

these types.
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Table 2 Examples of VGI

Website Description

Geolocation-oriented photo sharing website which interacts with Google
Earth. Panoramio utilizes the interaction of humans to determine the
Panoramio accuracy and value of each photo uploaded. This is related to the 1ISO
standards, every Panoramio photo is a candidate for transfer to the Google

Earth Panoramio layer

Collects eyewitness reports of violence sent in by email and text-message

Ushahidi
and places them on Google maps.
Google Map Maker is a service launched by Google in June 2008, designed
to expand the breadth of the service currently offered by Google Maps. In
Google Map
some countries mapping data is unavailable, and so to combat this problem
maker
Google has decided to open up Google Maps to a collaborative community
effort in certain territories.
OpenStreetMap (OSM) is a collaborative project to create
a free editable map of the world. Compared to Google Map Maker, OSM has
OpenStreetMap

data which is freely “available to download with an open license giving

everyone the freedom to reuse, redistribute and build applications with it” (

EveryTrail EveryTrail is a global web2.0 platform for geo-tagged user-generated travel
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content that Is changing the way millions of people share travel experiences

and plan trips.

A real-time, online checklist program, eBird has revolutionized the way that
EBird
the birding community reports and accesses information about birds.

TrailFu provides mountain biking trail VGD for the United States, Canada,
TrailFu and other countries in the form of KML and GPX XML files which are

created from user logs.

In 2004, for example, OpenStreetMaps (OSM) was launched with the intent to

create a free editable map of the world. This concept garnered attention, and, as of June
2014, there were 1,654,095 users and 4,026,124,247 uploaded GPS points

(OpenStreetMap 2014). This open mapping platform is similar in nature to Wikipedia,
which is a powerful open encyclopedia that allows users to add information on any topic.
As is to be expected, some of that information is accurate, and some of that information is
deliberately or unintentionally spurious.

There have been several previous studies such as, Ather 2009; Kounadi 2009;
Zilske, Neumann, and Nagel 2011 on the quality of Open Street Map data and most have
proven Linus’s Law which states "given enough eyeballs, all bugs are shallow"; meaning
that with enough collaboration between users that any error by a single user will be

picked up and corrected by another user (Ather 2009). As Kounadi (2009, 1) notes, “there

is a concern about [the data’s] quality because the volunteers that contribute the data lack

the sufficient cartographic training and the quality cannot be guaranteed. Kounadi (2009,
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1) finds that, using buffer analysis, the user generated data is quite accurate when
compared with official cartographic data from the Hellenic Military Geographical Service
(HMGS), the official cartographic service in Greece. As the length completeness was
88%, the name accuracy more than 87% and the average percentage of overlap between
the two datasets was more than 89%. There were some significant differences, however,
as the name completeness and the type accuracy had the lowest results; 26% and 33%
respectively (Kounadi 2009, 1). In terms of total length completeness, the OSM road
network was 12% (81,974 meters) less than the HMGS network (Kounadi 2009, 53).
These differences illustrate the disparities between certain 1ISO standard
requirements, such as a high area of overlap in length completeness, but a poor sense of
thematic data in user submitted data. In the grid cell covering Acropolis the only area
where OSM data was more complete than HMGS data was, where “in order to protect the
landscape there are many pedestrian roads; vehicle access is not permitted” and a
“more detailed observation of this grid square reveals that the extra road segments
in the OSM dataset represent footway, track and pedestrian road types whereas these
types of road are not represented at all” in the official figures (Kounadi 2009, 53). As
with OSM, Google Map Maker, and other GIS products, users can provide data which
experts might be ill-equipped to provide due to technological or other constraints.
Kounadi (2009, 31) ran into two problems resulting from the lack of name and
type accuracy demonstrated by user-uploaded data: firstly, when a road changes type and,
secondly when some roads have two different road names though they may appear to be

one section of the same road. These two problematic accuracy issues demonstrate the
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lack of users’ specific methodology when editing the OSM lines and could have distorted
the results of the analysis if not labeled correctly (Kounadi 2009, 31). Figure 3 Overlap
between OSM and ordinance data.shows some of the strengths and limitations of VGD
when compared to ordinance data: smaller roads and linkages which curve tend to have
more inaccurate data, reflecting possible confusion on the part of OSM submitters as can
been seen by the difference in green and blue linear data around the main intersection of
the figure. The comparison of these types of data is a matter of perspective and involves
assumptions regarding the supremacy of official data, particularly in the thematic areas of

type and nomenclature.
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Figure 3 Overlap between OSM and ordinance data.

One could also argue that user-generated data has the potential to be more
accurate due to temporal considerations, as users can submit data to websites the instant it
is captured, and this recent data may reflect changes in nomenclature or structural facets
that have yet to be described by traditional or official maps. Kounadi (2009, 59) also
points out how slightly tweaking the algorithm used to compare the datasets can result in
increased levels of accuracy. For instance, one road mapped by OSM fell “exactly at the
edge of the HMGS buffer meaning that if the buffer was slightly l