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Abstract

OpenStreetMap (OSM) is the most successful example of Volunteered
Geographic Information (VGI). It is also the most frequently used case
study in research that focuses on VGI quality, as it is usually considered
a proxy for other VGI projects. The research in this area usually focuses
on comparisons with authoritative data, measurements and quality statis-
tics. In other papers, scholars have explored quality frameworks or studied
the motivation and engagement of volunteers. This chapter examines OSM
quality from a different point of view. The focus here is on examining how
the qualitative elements of the micro-environment within OSM, such as
data specifications and the OSM editors, have evolved over time. We dis-
cuss how their evolution can affect OSM data quality, taking into account a
number of different factors and dimensions that directly affect the quality
of the contributions.
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1 Introduction

OpenStreetMap (OSM) is one of the first examples of Volunteered Geographic
Information (VGI; Goodchild, 2007), and continues to be one of its prime
examples. VGI has been defined as ‘the widespread engagement of large num-
bers of private citizens, often with little in the way of formal qualifications, in
the creation of geographic information’ (Goodchild, 2007). A number of factors
have helped this phenomenon to grow, including the removal of the selective
availability of the Global Positioning System (GPS) in 2000 (Clinton, 2000),
which has resulted in the proliferation of GPS-enabled devices, novel Web 2.0
practices and programming techniques as well as the development of spatial
applications and products based on global-wide maps of satellite imagery by
technology giants such as Google, Microsoft and Yahoo!. Since 2007, VGI has
become intertwined with crowdsourcing, active local communities and social
media, and thus can be found in many flavours and extracted from various
sources (for more details, see Chapter 2 by See et al., 2017), such as web appli-
cations about toponyms, GPS tracks, sharing of geotagged photographs, syn-
chronous micro-blogging, social networking sites, etc. A very interesting, and
equally promising, interconnection of VGI is the one with the domain of citizen
science (Haklay, 2013). As the latter gains momentum, the need for geotagged
measurements and information is growing, and along with it the quest for solid
answers about the caveats and challenges that VGI projects face, especially with
respect to data quality. Thus, understanding how the most successful VGI pro-
ject (i.e. OSM) has evolved in terms of quality will give insights valuable to
other existing VGI projects or projects that will follow in the future, including
those in the citizen science domain. Spatial data quality is the cornerstone of
every spatial database, map, product or service. Measuring, understanding and
documenting the quality of spatial data is of paramount importance for any
kind of geodata, including VGI.

This chapter will examine OSM quality evolution from a new point of view. In
Section 2, quality evaluation procedures, as described in the ISO quality frame-
work, will be discussed. Then, in Section 3, the methodology for understand-
ing the evolution of OSM quality will be introduced. The central focus will not
be on the data themselves (as is usually the case in most OSM-based quality
studies), but rather on the micro-environment inside which OSM is evolving.
To this end, Section 4 will cover the evolution of OSM specifications, taking
into account a number of different factors and dimensions that directly affect
the quality of contributions; in Section 5, the evolution of OSM editors will be
examined, as they are literally the entry point for all OSM contributions. Both
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Sections will provide a critical view of the developments on these two fronts and
of their impact on the overall quality of OSM. The chapter will conclude with a
discussion of and conclusions on how all of these aspects can provide a useful
context for OSM quality evaluation.

The purpose of this chapter is not to provide measurements or quantitative
reports regarding the quality of OSM. Instead, the aim is to highlight new,
important facets of OSM quality that have not been considered to date in what
is otherwise a rich and growing literature on VGI quality. This chapter supports
the idea that the evolution of OSM data quality is closely related to qualitative
elements of the OSM micro-environment. These include the wiki-based and
thus bottom-up build and constantly changing specifications, the digitisation
software (i.e. the OSM editors), the mapping parties, the forums, the voting
system, the local and global OSM communities, the few, yet most productive,
contributors, and other seemingly small and unimportant factors that in real-
ity determine to a great extent the evolution of the OSM initiative and con-
sequently the quality of the data created. All of these factors are outside the
traditional quality elements for spatial data (ISO, 2005) or even the new quality
indicators suggested specifically for VGI (see Antoniou and Skopeliti, 2015 for
an overview of these). This chapter focuses on two of these outside factors:
OSM specifications and OSM editors.

2 Spatial Data Quality Evaluation Procedures

This book provides considerable material on the subject of spatial data quality.
For example, in Chapter 7, Fonte et al. (2017) discuss VGI quality and review
measures and indicators for this new breed of data. In Chapter 9, Skopeliti
et al. (2017) discuss best practices and methods for visualising VGI quality,
while Chapter 10, by Minghini et al. (2017), discusses best practices for data
collection, including quality considerations. Finally, in Chapter 13, Olteanu-
Raimond et al. (2017) examine the experience of European National Mapping
Agencies (NMAs) with VGI data and discuss methods for obtaining contribu-
tions of high quality from volunteers.

Both in this book and in the literature available on the subject of VGI qual-
ity, most VGI cases or examples come from the OSM project. OSM is a prime
example of VGI as it has managed to provide free, constantly updated, crowd-
sourced data for the globe. However, when research focuses on VGI data quality,
scholars tend to examine some of the spatial quality elements for a given study
area, e.g. cities, urban areas or nationwide (Antoniou, 2011; Girres and Touya,
2010; Haklay et al., 2010; Jokar Arsanjani et al., 2015). The studies usually fol-
low a benchmark evaluation process, which involves creating a copy of what is a
continuously changing dataset, and then evaluating this copy as if it were a static
dataset. This method gives insight into the data quality at the time when the
copy was created; thus, these efforts provide a good understanding of selected
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quality elements at a given point in time compared with corresponding authori-
tative datasets. However, spatial datasets, and especially VGI ones, are not static
products and hence time is a critical factor that is not often considered. The
starting point for a spatial product is the specifications that will be used to create
the dataset. Yet these specifications can change over time for both authorita-
tive and VGI datasets. In fact, the latter kind of Geographic Information (GI) is
more susceptible to changes in specifications since bottom-up processes provide
the flexibility for new rules to be established or existing ones deprecated more
easily by the community of volunteers. While the path of evolution and change
in the specifications of a product is inescapable, there is a fundamental differ-
ence in how each source of GI (i.e. authoritative or VGI) handles their dataset
life-cycle. For example, authoritative data, collected by NMAs or Commercial
Mapping Companies (CMCs), usually follow a versioning system. Users of such
data are notified that a set of updates is available or, more relevant to our case,
that a new dataset has been created based on new specifications. The product
specifications can also be available to the interested parties. A case in point can
be found in the practices of the UK’s Ordnance Survey (OS). For the OS Mas-
terMap product (OS 2001), for example, OS provides a detailed document that
explains how each physical entity is conceived, modelled and stored and thus
what accuracy and attributes should be expected. The important point here is
that while a new dataset is developed, or during the migration from one form of
specification to another, the datasets are not accessible to the users. This process
takes place in-house, and only when the whole process has been concluded are
the data available for use. This is in contrast with what takes place with VGI. In
a sense, VGI datasets are following one of the main characteristics of Web 2.0
(O'Reilly, 2007), i.e. perpetual beta. This small phrase is usually applied to soft-
ware development cycles, and means that there are no versioning cycles but
rather a continuous effort of software development so as to match evolving user
needs; here this notion spills over to datasets, and OSM is an excellent example
for monitoring this. The perpetual editing of and changes to OSM specifications
has made OSM evolve from a dataset with a handful of layers and physical fea-
tures to an extremely detailed dataset, in many cases far more detailed than any
NMA or CMC dataset. The difference between VGI and authoritative data is
that in VGI while the evolution of datasets takes place the actual data are avail-
able without any guarantees or indications regarding the state or compliance of
each feature in relation to a specifications version. It is not difficult to imagine
that this process, while it has many advantages, can create a series of inconsist-
encies and, in fact, deteriorate the overall quality of the data.

Thus, while specification improvements might eventually be a necessary step
for a better, more inclusive, detailed and meaningful dataset, during the transi-
tion time, the dataset is bound to suffer from inconsistencies, mixed feature
versions and mixed typologies that exist in former and latter specifications.
This is even more likely if there is a perpetual change in specifications without
any rigorous provision on how to manage the data transition and compliance.
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Returning the discussion to quality evaluation processes, benchmark com-
parisons are usually chosen not because they are necessarily the best way to
evaluate the data quality of a VGI dataset but because they are the most prac-
tical to perform and report. ISO (2005) explains that benchmark procedures
should be based on the establishment of a suitable reporting frequency. Spo-
radic and non-systematic evaluations, although perfectly acceptable in an aca-
demic environment, do not provide a clear view of OSM quality, or of the qual-
ity of any other VGI source. To this end, a different approach suggested by the
ISO quality framework is to evaluate constantly changing datasets, as is the case
of OSM data, using a continuous process. Here, the starting point could again
be a benchmark test, but then there should be a continuous evaluation of the
updates and of the impact that these updates might have on the overall data-
set. However, there is no provision made for specification migration, perhaps
because this sense of perpetual editing is not applicable to authoritative data.

3 Methodology

To evaluate OSM evolution from a quality point of view, we need to consider
what process to use. A way forward is to follow one of the two ISO sugges-
tions. This means that we need to develop a benchmarking method that will be
able to examine an instance of the OSM data against an authoritative dataset
on a regular basis (e.g. weekly, monthly, etc.). For a number of reasons, this
is not straightforward. First, there is no global-scale authoritative dataset that
could play the role of the reference data. Even if such datasets were available
for academic research, it is not clear which one would be more detailed and at
which places. For example, Vandecasteele and Devillers (2015) report that in
many places OSM is far more detailed than any authoritative dataset available.
Moreover, such an approach would require the implementation of considerable
amounts of brute force computing on a regular basis. This approach would be
possible in the context of confined academic experiments that would test either
a few quality elements at a national level or all the quality elements for small
areas, but it would be difficult to achieve and maintain both globally and regu-
larly. The same applies to a continuous evaluation process, although the evalu-
ation of the quality of OSM updates is a more straightforward task, given the
fact that OSM provides regular updates in separate files and for various time
intervals. However, the frequency of updates is inversely related to the number
of changes, so, for practical reasons, evaluating the data quality continuously is
beyond the means of most NMAs or CMCs.

Hence, an alternative approach is taken here, which is based on the evalua-
tion of factors that directly affect OSM quality but are currently not studied by
researchers, i.e. a study of the OSM specifications. The value of specifications
in VGI has been discussed by Brando and Bucher (2010) and by Brando et al.
(2011). The form of, and the rules included in, a product’s specification, at any
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given point in time, is fundamental. This, along with metadata, is the starting
point that allows potential users to understand the usability of the data. Moni-
toring and documenting the changes that have taken place in the specification
of OSM over time could add another tool to the toolbox used for OSM quality
evaluation, and could provide the necessary context for some of the academic
efforts in this field.

Moreover, this approach will be coupled with an evaluation of the evolution
of OSM editors. OSM contributions are uploaded through a number of OSM
editors that have been developed and updated by the OSM community itself.
The editing tools and the overall functionality of the editor, and, more impor-
tantly, the editor’s conformance to the wiki specifications, play a significant role
in the kind of edits submitted and consequently in the quality of the data con-
tributed.

4 Evolution of OSM Specifications
4.1 General Changes to the Main OSM wiki Page

OSM specifications are described in a wiki-based process. The starting point is
a MediaWiki' web page titled ‘Map Features’ (OpenStreetMap, 2016). This page
lists all of the physical features that should be included in the OSM database,
along with some of the basic attributes that should describe each feature. The
OSM community decides what is added or removed from this list through a
voting system. In the OSM world, the features are called keys and the attributes
values. In the ‘Map Features’ web page, the physical features are grouped into
categories and sub-categories depending on their semantics and nature. For
each feature, additional information is available, such as the type of geometry
that should be used (i.e. node, way or area), comments on what each feature
represents, assisting documentation from Wikipedia, a photograph that shows
how the feature appears on the OSM map and a photograph that functions as a
photo-interpretation key. The latter photograph helps the contributors to better
understand how to assign features on the ground to the OSM nomenclature.
Moreover, each key/tag combination is further explained in other wiki pages,
which themselves include more details about the way the feature should be
digitised, additional attributes that could further describe the feature, and the
possible combinations of the attributes.

For web pages created with MediaWiki, it is possible to access the pages’ his-
tory and trace back what changes have been made, at which time and by whom.
Moreover, a short summary of the changes is available, along with a classifica-
tion of whether a change was a minor edit or not (computed based on whether
the person who performs the edit has marked the edit as minor or not?). Thus,
in order to understand how this (quasi) specification of OSM has evolved, we
examined how the ‘Map Features’ page has changed over time. At the time of
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writing (May 2016), there were 847 versions of this wiki page alone, with the
first one dating back to 20 December 2005. This means that a major or minor
edit has taken place approximately every 4.4 days since on average.

The first point of analysis was to examine when each version was released.
Figure 1 shows the number of changes per year and the corresponding percent-
age. This provides a good understanding of whether OSM specifications are
constantly changing or if there are any emerging patterns. Figure 1 shows that
most of the changes (88%) have taken place in the first three years of OSM’s
life, while, from 2011 onwards, each year’s overall changes do not exceed 2%
of the total of changes. This is an interesting observation as it paints a picture
of a crowdsourced product that has matured extremely fast compared to the
breadth and length of its aims (i.e. to ‘create and distribute free geographic data
for the world™).

The next step is to analyse the importance of these changes. Taking into
account the automatic assignment of an edit into minor or not, we explored
when and how many edits take place each year for each kind of change. It is
understandable that the number of characters changed cannot be an entirely
safe measure of a change’s importance. However, it is considered as a good indi-
cator that can give a basic understanding of the amount of work put forward in
every change. Figure 2 presents the percentage of major and minor changes per
year. Despite being a fast maturing product as noted above, major changes in
the specifications take place constantly. This observation should be considered
in combination with that of the flexibility provided to contributors, which is in
line with the openness and spirit of inclusiveness that characterises the OSM
project. For example, in the wiki-forums it is explicitly stated that the OSM
community might introduce best practices, guidelines or even deprecated fea-
tures and attributes and that nothing is banned. Contributors are free to add
whatever they believe will better describe the physical world.

Thus, inconsistencies and mismatches in the keys and values used can come
from both a ‘formal’ change in the specifications and the free key/tag com-
bination choice available to users. Interestingly, in the case when changes in
the specification are introduced, automatic correction of the existing features is
highly discouraged; the rules state: ‘Under no circumstances should you auto-
matically (or semi-automatically) change “deprecated” tags to something else
in the database on a large scale without conforming to the Automated Edits
code of conduct. Any such edits will be reverted™.

4.2 Development of Feature Specifications

The analysis so far has provided an initial overview of OSM specification’s
development over time. Now the focus turns to the actual changes that took
place. For practical reasons, a selection of some of the 847 ‘Map Features’
page versions had to be made in order to use them for comparison. The
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versions selected were those closest to the end of each calendar year from
2006 up until 2015. Then, in order to better monitor the development of the
specification, we examined the alterations that took place in four dimen-
sions: the vertical, horizontal, in-depth and internationalisation dimensions.
All four dimensions are closely related to the OSM data (in fact are different
aspects of the OSM content) and thus can provide a helpful point of view
in the effort to assess data quality. We define the vertical dimension as the
number of physical features described in the wiki page, while the horizon-
tal dimension is the information available for each feature (i.e. keys, values,
comments, rendering instructions and photographs; all of these are help-
ful in guiding the contributors to correctly capture physical features). The
in-depth dimension is considered to be the extra information available for
each feature: both keys and tags are usually further analysed in separate wiki
pages where, for example, possible key/value combinations or more detailed
instructions about their proper use are provided. Finally, the internationali-
sation dimension is defined as the availability of the specification in different
languages. In general, wiki pages can be translated and exist simultaneously
in different languages, and thus can be read and accurately comprehended
by many people around the world; similarly, OSM specifications need to be
understood by the largest possible audience in order to successfully achieve
the aim of creating a global map.

A number of illustrative examples are provided for each dimension. These
examples aim to provide a picture of the changes that have taken place in the
OSM specification over time and help researchers understand both the volatility
in the contributions and the quality that comes from the micro-environment in
which OSM is developing.

4.2.1 Changes in the Vertical Dimension

One interesting aspect in the evolution of the OSM specification is to examine
how the major OSM categories have evolved. This vertical examination of the
‘Map Features’ page gives a sense of how the nomenclature of OSM has changed
through the addition and removal of categories and features in the list of enti-
ties that OSM uses to describe the world. Table 1 shows the number of active
categories at the end of each calendar year; moreover, it shows how many cat-
egories have been added or removed compared to the previous year.

It can be seen that major additions took place during 2008, where 48 cat-
egories were added. From then, new feature categories are added almost every
year, but interestingly there are also categories that have been removed as
independent typologies in the nomenclature of OSM and have been merged
with others. Examples of the categories added include power and shop in 2007,
facilities, education and transportation in 2008, geological in 2009, emergency,
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Table 1: Additions and removals of OSM categories from the Map Features
wiki page.

2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Categories 28 32 78 83 90 97 91 93 96 93
Present
Categories 0 2 0 0 0 4 0 0 3
Removed*
Categories 0 0 0 0 0 2 0 0 0
With a Name
Change*
Categories 4 48 5 7 7 0 0 3 0
Added*

*compared to the previous year

medical rescue and firefighters in 2010, commercial and civil amenity in 2011
and traffic calming in 2014. Examples of removals include the categories of
cycleway, tracktype, abutters and naming in 2012.

Apart from the changes in the major OSM categories, there have also been
changes recorded to the features in each category. Tables 2, 3 and 4 present
illustrative examples of how selected features have evolved over time. More
specifically, Table 2 shows the sub-categories of Highways and Places as well as
the number of distinct features included in each of these sub-categories. It can
be seen that, for these two major categories, which in fact include all road net-
work and all gazetteer data, there have not been any changes since 2008. This
does not mean that there have not been changes in the wiki pages that further
explain the attributes of each distinct feature, but that at least at this high level
the nomenclature has been stable since 2008. The flip side is that while the
geometry (i.e. positional accuracy) of the road network or places might still be
correct, since they have not been updated since 2007 it is likely that they might
suffer from attribution inconsistencies that affect their thematic accuracy and
logical consistency.

Table 3 shows how the Buildings category has evolved. Here again, at the sub-
categories level and in terms of the number of features per sub-category, Build-
ings have been stable since 2011. The interesting point here is that this major
category, which includes the footprints of buildings, was introduced in OSM in
2011. Thus, areas that have not been updated since 2011, either because there
was a bulk upload in the past or because the area was mapped by a very produc-
tive user that did not return to update it (for more, see Antoniou and Schlieder,
2014), would probably not have this type of feature, since capturing buildings
was out of the scope of OSM before 2011.
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Table 2: The number of sub-categories and distinct features (keys) included in
the Highways and Places main OSM categories from 2006 to 2015.

Primary | Feature Sub Category | 2015 | 2014-2009 | 2008 | 2007 | 2006
Feature Distinct Features (Keys)
Category
Roads 8 8
Link roads 5 5
Special road types 6 6
Paths 4 4
When sidewalk (or 1 1
pavement) is tagged on
the main roadway
No change 47* | 42*
When cycleway is drawn as 1 1
its own way
Cycleway tagged on the 8 8
main roadway or lane
% Lifecycle 2 2
_E Attributes 27 27
o
T Other highway features 18 18
Administratively declared 7 7
places
Populated settlements, 7 7
urban
* *
Populated settlements, 6 No change 6 = =
urban and rural
§ Other places 6 6
[ Additional attributes 6 6
* Different groupings and typologies used for OSM Keys

Finally, Table 4 shows the changes in the Additional Properties category. This
category was introduced in 2012 as a successor to the Naming category, and
includes important features and information such as Addresses, Annotation and
Name. However, it can be seen that there are frequent and important changes
in OSM typology that make it difficult for contributors to follow all the specifi-
cation’s provisions. For example, Addresses did not exist until 2008; it was later
added to the Naming category, and then, in 2012, it was re-assigned to Addi-
tional Properties. Similarly, Place was removed from the Additional Properties
category and formed a new one.
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Apart from the distinct feature keys that have been added or removed over
time, major changes in how the OSM community models the world took place
in 2008 and 2012. In 2006, the world, according to OSM, was divided into a
number of major categories: Physical, Non Physical, Abutters, Accessories, Prop-
erties, Restrictions, Naming and Annotation. During the next year, these major
categories were further enriched with sub-categories, and then, in the following
year, there was another typology. Indeed, in 2008 there were only three major
categories: Physical, Non-Physical and Naming. The first category went from
including 17 sub-categories to including 59, while the second included as sub-
categories all the major categories of 2007 apart from those specifically related
to the naming process (e.g. Name, References, Places, Annotation, etc.), which
were assigned to the last main category.

In 2012, the features were re-assigned into two new major categories: Pri-
mary Features and Additional Properties. The Physical sub-categories were
added to the former category, but it also included sub-categories from the
Non-Physical, such as Route, Boundary and Sport. The latter category remained
with six main sub-categories: Addresses, Annotation, Name, Properties, Refer-
ences and Restrictions. Also, in 2012, some major changes took place regarding
the grouping of the physical entities in various sub-categories and classes. For
example, the entity Places, which used to be a class under the Naming sub-
category in 2011, became an independent sub-category in 2012 below the Pri-
mary Features, while the Naming sub-category was assigned to the Additional
Properties category. Furthermore, during the study period (i.e. 2006-2015),
considerable volatility was recorded in some sub-categories. A case in point is
the Naming sub-category, which listed 3 features in 2007, 9 features in 2008 and
13 features in 2009 (before it was split again in 2012).

While these are only some illustrative, and perhaps confusing, examples of
the changes recorded in the OSM specification, two things are evident with
respect to the commitment of contributors. First, for OSM contributors that
have been consistently contributing during the entire period, it should have
been difficult to meticulously follow all of the changes; thus, it should not come
as a surprise that even experienced users might have introduced errors and
inconsistencies in the data. On the other hand, there are either occasional con-
tributors or contributors that have just a short active period and never contrib-
ute again; for both of these types of contributors, the best case scenario would
be that contributors have consulted the active specification at a specific point in
time and collected the data based on this version. In the worst case, the contri-
butions were based on previous knowledge and understanding of the specifica-
tion. In any case, and taking into account the fact that automatic corrections are
discouraged, it is highly likely that a considerable number of contributions are
out of date in terms of specification compliance. This also puts quality frame-
works that are based on contributor evaluation under fresh scrutiny (see e.g.
D’Antonio et al., 2014; van Exel et al., 2010).
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4.2.2 Changes in the Horizontal Dimension

The ‘Map Features’ page, apart from the addition and removal of new cate-
gories, sub-categories and features, has also changed in terms of the available
information for each of these categories and features. While modest changes
have been recorded compared to the vertical dimension, this horizontal dimen-
sion still plays a significant role in the rules and information that volunteers are
equipped with when collecting data and contributing to the project.

Two illustrative examples are presented to show the evolution in the hori-
zontal dimension. The first example (Figures 3 and 4) shows one of the major
physical entities: Highways. Even from the early days of the OSM project, it was
made clear that volunteers needed as much information as possible in order
to be able to unequivocally distinguish between and capture various physical
entities. However, the actual information available was not enough for safely
guiding volunteers. For example, at the end of 2006 (Figure 3), the main fea-
ture-attribute combination, which is a description of what each feature name
represents and how features are portrayed on the OSM map, became available.
Thus, in practice, a volunteer could use only the short description as a guide for
interpreting the entity before digitising and assigning it to the correct category.
For more information, the volunteer would have had to follow a link attached
to the Highway key. At the end of 2006, a small number of photographs and
basic information was available so as to guide the contributors. It is obvious
that the incomplete description of each feature, although it does not stop con-
tributors collecting the data, makes the collection error prone in terms of the-
matic and logical consistency, and especially so at a time when satellite imagery
was not so common and was of low resolution when it was available.

In contrast, Figure 4 shows the current specification section of Highways.
The available information for each physical feature has expanded to include
a photo-interpretation key that can more easily guide contributors. Further-
more, apart from the link attached to the highway key, which links to a page
more detailed than the 2006 one, each value also has its own wiki page (see
also Section 4.2.3). In these pages, more details are provided regarding what
is preferable for the volunteers to follow and what to avoid. Moreover, a wide
list of possible key-value combinations is provided, with explanations and
examples.

A similar example is provided by contrasting the 2006 and 2015 wiki pages
on aerialways (Figures 5 and 6). As this feature is not one of the fundamental
entities of a base map, there was only a basic description of it in 2006 (Figure 5;
note also that the structure of the table is different from that of the table for the
highways of 2006). In contrast, in 2015 (Figure 6), the available information is
as complete as that of the highways. Moreover, the comments are supported by
Wikipedia articles and some basic instructions are given about the key-value
information.
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We have used these two examples to highlight the evolution of the OSM
specification. From 2006 to 2015, each feature followed its own pace regarding
the available information provided to the OSM community. Thus, the quality of
the contributions for each feature could have varied accordingly. The mobilisa-
tion of thousands of enthusiastic, yet mostly inexperienced, contributors has
inevitably led to ‘learning-by-doing’ in the face of incomplete and changing
specifications.

4.2.3 Changes in the In-depth Dimension

The in-depth dimension of the ‘Map Features’ has been briefly discussed in
the previous section. It refers to the available information for each key/value
combination and the attribution process that contributors should follow. As
explained, each physical entity has developed independently and the level of
detail might vary considerably at different time periods. Here we provide one
example to illustrate changes: unclassified roads. Figure 7 shows the unclassi-
fied roads wiki page at the end of 2008, which included the basic information
regarding the mapping of the highway=unclassified combination.

In contrast, the same page at the end 0of 2015 (Figure 8) includes more detailed
information about the preferable attributes that can be assigned to this entity
as well as instructions about how to map the entity, when it is applicable, situ-
ations where other tags should be used, examples of determining applicability
and even disambiguation instructions when the public/private status is unclear.

4.2.4 Changes in Internationalisation

Right from the beginning of the project, OSM aspired to create a global and free
map. It is obvious that this could not be achieved without global participation.
When examining the internationalisation of OSM, we can see that the ‘Map
Features’ page is currently (i.e. in May 2016) available in 49 languages (Table 5).
Although there has been no calculation regarding the percentage of the global
population covered, it is clear that the basic rules of OSM can be understood by
a broad audience. However, this was not always the case. Until the end of 2009,
the ‘Map Features’ page was only available in English. From the end of 2010,
however, until 2015, the number of available languages was 45.

Apart from the ‘Map Features” page, which is the starting point of the specifi-
cation, there are documentation pages for each OSM key and value in order to
better explain the use cases and the most appropriate combinations. These pages
should also be available in as many languages as possible. However, their avail-
ability varies and, in general, there are considerably fewer available languages
than for the ‘Map Features’ page. For example, the key aerialway is available
in 10 languages (¢estina, deutsch, english, italiano, magyar, polski, portugués
do Brasil, pycckmit, = 0] and HZFE) while the combination amenity=cafe
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Table 5: Available languages for the Map Features wiki page (as of May 2016).

# Language # Language # Language # Language
1 | asturianu 14 | Hrvatski 27 | Roméana 40 | EAAnvikd
2 | azorbaycanca | 15 | Islenska 28 | Shqip 41 | Jsbrornmo
Bahasa 16 | Italiano 29 | Slovencina 42 | s100p
indonesia
bosanski 17 | kreyol ayisyen | 30 | Sloven$¢ina | 43 | $+=0f
catala 18 | kréyol 31 | Suomi 44 | AAREE
gwadloupéyen
6 | Cestina 19 | Latvie$u 32 | Svenska 45 | 3 (fE{K)
7 | dansk 20 | Lietuviy 33 | Tiéng Viét 46 | X (FED)
8 | Deutsch 21 | Magyar 34 | Tirkge 47 |y
9 | eesti 22 | nederlands 35 | cprickn/srpski | 48 |4z =
10 | english 23 | norsk bokmal 36 | boirapcku 49 |4
11 | espaiiol 24 | Polski 37 | MaKkeJOHCKI
12 | esperanto 25 | Portugués 38 | Pyccxumit
13 | frangais 26 | portugués do 39 | Ykpaincpka
Brasil

is available in 12 languages (¢estina, deutsch, eesti, english, frangais, italiano,
nederlands, portugués do Brasil, pycckuit, eNnvicd, BAREE, X (FE{K).

5 Evolution of OSM Editors
5.1 The Usage of the OSM Editors

An important component of the micro-environment of OSM is the editing
tools. The OSM editors used by volunteers play an important role as they pri-
marily dictate the type and quality of the data contributed. For example, an
embedded functionality in an OSM editor can direct the volunteer to or avert
them from specific choices that can improve or deteriorate the quality of the
contribution. There are currently a large number of OSM editors available for
various media, from online browser editors (e.g. iD and Potlatch 2), to desktop
and offline editors such as JOSM and Merkaartor, to GIS software add-ons, e.g.
for QGIS and ArcGIS, through to editors for mobile devices, like the Vespucci
and OsmAndFrom. By reviewing the history of the OSM wiki pages dedicated
to editors’, it becomes clear that the number of available editors has increased
as the project has developed (Figure 9).
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Fig. 9: Number of OSM editors.

The variety and the large number of OSM editors currently in use indicates
the degree of interest in the OSM project. However, this wide range of OSM
editors diversifies the data sources and can possibly affect the coherence and
homogeneity of the contributions. Indeed, at the time of writing (i.e. May
2016), there were 27 editors available for the OSM community to choose from.
This freedom, while in line with the ideology of a crowdsourced project, might
undermine the overall effort for a usable dataset of high quality. However, the
flip side of this observation might reside in the penetration that selected edi-
tors have in the OSM community. Indeed, by examining the statistics from
the OSM wiki pages® regarding the most popular editors, a more encouraging
picture is painted. By using the number of changesets as a criterion for the
years 2009 to 2015 (Figure 10), it can be seen that the most popular editors in
2015 are iD, JOSM and Potlatch 2. An OSM changeset is a group of changes
made by a single user over a short period of time. One changeset might include
a number of edits (see below) such as the addition of new elements and tags or
a change in values.

While the OSM community seems to have settled on using primarily 3 out
of the 27 editors available, the findings in Figure 10 raise concerns regarding
the quality and homogeneity of the contributions submitted with other editors
in the past. For example, Potlach 1, which used to be one of the most popular
editors in 2009, is now abandoned, and Potlach 2 has been completely rewrit-
ten. Similarly, Merkaartor, which provided 4-5% of changesets each year from
2009 until 2011, has now almost entirely disappeared. Interestingly, purpose-
built editors for mobile devices have not managed to diffuse into the OSM
community. For example, Vespucci has a small percentage, i.e. around 1%. The
most popular editor between 2009 and 2012 was JOSM, followed by the online
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Fig. 10: Percentage of changesets per OSM editor.

editors on the OSM website: initially Potlatch 1, and then Potlatch 2 and iD.
However, from 2014, iD has become the most frequently used editor when
counting changesets. Yet when measuring the number of edits, JOSM has been
the most popular editor since 2010 (Figure 11). Nevertheless, in 2015, JOSM
use decreased by 5.6% while iD use has increased by 4.1%.

From what has been presented so far, it is evident that there is a strong vola-
tility in the choices of the OSM community. The majority of the changesets and
edits take place through a small number of editors that succeed each other over
time. While the aim of this chapter is not to compare and evaluate the func-
tionality of each editor, it is to be noted that the potential differences in their
functionality or abidance to the OSM specifications might cause inconsisten-
cies and deteriorate the overall quality of the data submitted. However, on the
positive side, the strength and devotion of the OSM community in creating
new editors that adapt to new challenges and requirements can be seen.

5.2 The Functionality of the Editors

Apart from the number of OSM editors available, what has also changed is their
functionality. The existence of a set of rules that function as a product specifica-
tion also needs to be supported by the available tools for the task. Thus, the level
and efliciency of the editors at any given point in time plays a crucial role in the
quality of the contributions. Here we present the evolution of the functionality
across the active editors from 2006 to the present:
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In 2006, the OSM editors serve only to upload GPS tracks. Only the online
editing applet provides a Landsat photo, and thus GPS tracks cannot be verified
in comparison with a satellite image.

« In 2007, Landsat overlay becomes available in JOSM 1.0 and some editing
facilities are offered. Merkaartor, a small editor for OSM with some unique
features like anti-aliased displaying and transparent display of map features,
also appears.

« In 2007, the online editor applet displays Yahoo! Aerial Imagery under the
GPS trackpoints while editing. This is very useful, and in fact more accurate
than GPS data in the areas where coverage is most detailed (cities). In other
areas it may sometimes assist in correcting GPS tracks.

« In 2008, photomapping is added in JOSM, which allows users to retrieve
photographs and work with them on screen, positioned alongside the map

data

in the editor. In addition, if GPS location information is included in the

photograph files or a GPS track is available, JOSM’s photograph mapping
features can be used to see them in context, and perhaps position new ele-
ments based on the recorded photograph positions.

«In 2008, Merkaartor can use satellite imagery from Yahoo! or any other
Web Map Service (WMS).
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«In 2009, JOSM acquires fast fluid panning and zooming, which provides
for precise mapping. It is now possible to work offline using downloaded
data files, local photo and GPX files. Offline editing can help volunteers
work more carefully in a less rushed manner, and thus could provide better
contributions. In addition, advanced editing functionality, which improves
positional accuracy, becomes available.

«In 2010, Yahoo! Aerial Imagery, Bing and other aerial imagery become
available in JOSM as backgrounds for tracing. JOSM also supports audio
mapping. Potlatch 2, a new version of the Potlatch editor, appears, offering
quite a different editing experience. In addition to this, OSM cooperation
with QGIS and Esri’s ArcGIS leads to add-ons with very comprehensive
GIS capabilities and advanced editing, further improving quality.

«In 2015, JOSM provides a large selection of aerial imagery and third-party
GPS traces as backgrounds for tracing, as well as a built-in validator, which
checks for common mapping errors before the data are uploaded. Tags are
shown to users directly with links to the OSM wiki page, which returns
information for a tag. In iD, custom aerial imagery can be used, photo-
graphs are directly available in the editor from Mapillary’, and OSM editors
have access to billions of GPS tracks recorded by Strava® users, which allows
for very precise mapping of twisted roads and trails. Potlatch 2 develops
advanced features, including vector backgrounds, a merging/conflation
functionality for specialists and several aerial imagery backgrounds, which
are preconfigured, as well as the introduction of an option for custom Tile
Map Service (TMS) imagery.

o At the time of writing (May 2016), JOSM seems to be the most promis-
ing editor in terms of quality assurance based on the tools offered, such as
advanced geometry and topology editing; the resolving of conflicts; the tag-
ging of presets; a validator that checks for common mapping errors before
data upload; selection of background images and custom TMS, WMS and
Web Map Tile Service (WMTS); selection of third-party GPS traces imme-
diately available as backgrounds for tracing; etc.

6 Discussion and Conclusions

It is not common for a discussion section to begin with what the study has not
done. Yet, in this case, it is necessary. We only scratched the surface of what
could be done. We sampled only a few of the 847 versions of just one wiki
page, albeit an important one, and we used these to examine selected cases
of the changes recorded. The entire OSM specification consists of hundreds
more wiki pages with information about each feature and the possible key/
value combinations. Each of these extra pages have their history, which might,
in turn, consist of hundreds of versions. The workload required to monitor
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each and every change would be immense. The other thing that we did not do is
examine the OSM editor’s evolution from a data quality viewpoint. This would
require comparing the evolving functionality of all available editors against the
active OSM specification at each point in time across a timeline; again, this is a
task that would be next to impossible.

The value of this chapter is in its context and orientation. Regarding the for-
mer, the methodology chosen did not try to provide quantitative descriptions
of different quality elements or indicators but rather to provide context and to
expand the discussion on OSM quality by delving into the micro-environment
of OSM. Indeed, we treated the ‘Map Features’ wiki page, the main OSM speci-
fication page and the OSM editors as living organisms and chose to examine
how they have grown and evolved over time. By not studying and thus not
fully understanding the environment within which OSM data are created,
studies on the subject of data quality do not have a solid context, i.e. they deal
with the symptoms and ignore the cause. This, in turn, leads us to orientation.
VGI quality has become a popular subject of study among researchers. Much
of the literature has focused on the nature of the phenomenon (Antoniou,
2011), on the contributors (Cieptuch et al., 2011; Nedovi¢-Budi¢ and Bud-
hathoki, 2010) and on the social engineering behind it (Haklay, 2010; Hak-
lay et al., 2010; Zielstra and Zipf, 2010). Other, more technical papers have
delved into statistics and measures of various quality elements and indicators
(Barron et al., 2014; Kefiler and de Groot, 2013), usually by comparing OSM
data with authoritative products. In this chapter, the idea was to re-orient the
discussion towards the fundamentals of spatial products. The specifications
of a product and the tools available to produce it largely define the outcome,
regardless of the effort, the workload or the enthusiasm put into producing
it. OSM is clearly much more than a spatial product, and the value of VGI, in
general, is orders of magnitude greater than the achieved quality (Antoniou,
2016). However, if the goal is to improve the quality of VGI, then we need
to have a better understanding of the micro-environment within which each
VGI project grows.

Notes

! https://www.mediawiki.org

2 https://meta.wikimedia.org/wiki/Help:Minor_edit

* http://wiki.openstreetmap.org/wiki/Main_Page

* http://wiki.openstreetmap.org/wiki/Deprecated_features
> http://wiki.openstreetmap.org/wiki/Editors

¢ http://wiki.openstreetmap.org/wiki/Editor_usage_stats

7 https://www.mapillary.com

8 https://www.strava.com
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