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Abstract: Although the data obtained from volunteered geographic information (VGI) are inherently
different from public surveys, the quantity of the data are vast and the quality of the data are often
poor. To improve the quality of VGI data, the positional accuracy and diversity and interaction of
the number of users involved in the regional generation of the data are important. This research
proposes a new approach for the accumulation of OpenStreetMap (OSM) data by using OSM Notes
and attempts to analyze the geographical distribution and the characteristics of the contents of the
contributions, quantitatively and qualitatively. Subsequently, the results demonstrated regional
differences in OSM Notes, but it provided users with an understanding of the new features of quality
management in OSM, even in regions where OSM activities are not necessarily active. In addition,
it was also possible to discover new factors such as the time transition required for the correction
and contribution of anonymous users. These results are expected to serve as a tool for users to
communicate with each other to resolve data bugs that exist in OSM and provide future researchers
with examples of user interaction in global OSM activities.

Keywords: OpenStreetMap; user interaction; anonymous contribution; geographical distribution;
volunteered geographic information

1. Introduction

Among the geospatial information generated through the Internet, there was an increase in
the amount of data shared voluntarily. Volunteered geographic information (VGI), advocated by
Goodchild [1] and disseminated in various academic fields, is noticeable as a methodology for
practical data sharing using participatory GIS. In recent years, discussions on data quality, for example,
the data location accuracy, spatial data inequalities, appropriate metadata and data model optimization,
were included in VGI studies [2].

In particular, the OpenStreetMap (OSM) project, which began in the United Kingdom (UK) in 2004
to promote the “free” utilization of geospatial information, is a representative example of VGI. As OSM
is an activity that respects grassroots activities, data accuracy is generally not guaranteed. However,
as an example of VGI's data evaluation studies [3], as reviewed by Senaratne et al. [2], there are
ongoing studies that have evaluated the completeness of VGI data compared with real data, such as
positional accuracy, topological relationships and open national data. Equally, it was demonstrated
that it is important to include the involvement and collaborative development of the many contributors
involved in regional data generation to improve the quality of VGI data [4]. As quantitative analyses
of the data quality of OSM, there were many studies focusing on quality metrics [5], the analysis of
network data [6] and research referring to the framework of quality analyses [7]. Early studies on
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user behavior and trends also included studies focusing on user preferences [8] and studies analyzing
contributor behavior by country [9].

OSM has a notes function (OSM Notes) that serves as a communication method for comments
and bug fixes on the input features. These data were visualized using “Neis Ones' Result Maps” [10],
“Notes Review” [11] and “DE: Notes Map” [12]. These features are used to report data errors and
provide additional information to be added to the OSM without an OSM user account. Users with OSM
accounts can add further comments about OSM Notes and manage their status. Therefore, it could be
expected that the geographical distribution of issues could be quickly analyzed using OSM Notes data
in which user interaction is possible—and that an examination based on the quality improvement of
VGI data could be possible. This could lead to the development of more suitable OSM data.

The purpose of this study is to identify global trends related to improving OSM data by identifying
regional differences in OSM Notes. This introduces a new perspective, as many of the existing
quantitative studies based on OSM data have tended to focus on regions with active OSM edits where
more OSM editors and contributors tend to post more OSM Notes—as well as focusing on activities
that improve OSM data, such as regions with higher resolution rates (rate of closed OSM Notes),
duration of the resolution and characteristic OSM Notes content. We challenged ourselves to uncover
data using an exploratory analyses that have seldom been addressed.

This study is organized as follows. Section 2 reviews the related work; Section 3 introduces
the data sources and analysis techniques and Section 4 describes the geographical distribution of
OSM Notes data and chronological trends. An exploratory analysis of some of the characteristics
of the content and the clustering of the differences at the country level are analyzed in Section 5.
Finally, discussions are given in Section 6 and conclusions of the study and future research topics are
summarized in Section 7.

2. Related Work

This section describes some of the recent OSM quality assessments and analyses of the behavior
of OSM Notes contributors. Quattrone et al. [13] focused on data maintenance at the national level and
analyzed the frequency of updates and major tags, user IDs, changesets and time stamps. Yangetal. [14]
conducted a temporal analysis of disproportional OSM contributions in Germany, France, the United
States and the Netherlands. It became clear that the national data became more unequal over time in
countries without data imports in OSM. On this point, Haklay [3], also analyzed the unevenness of
the data in the UK and Yeboah et al. [15] also demonstrated the varying data quality of participatory
mapping in the global south and argued that attention should be paid to areas other than those with
high OSM data quality.

The contribution of enterprises to OSM data quality, as analyzed by Anderson et al. [16], is currently
very widespread and the influence of enterprise editors on maps and their interactions with the OSM
community are becoming more important. In their study, Anderson et al. attempted to develop a
new analysis using a historical quarterly snapshot called “OSM-QA tiles” [17], which revealed global
trends. Similarly, “OpenStreetMap Changeset Analyzer” (OSMCha) [18] is a web tool to help mappers
analyze and review data changes in OSM. The objective of the tool is to help detect vandalism and act
on faulty changes to the map data. Raifer et al. [19] also built the “OpenStreetMap History Database”
(OSHDB) to provide a platform for the spatiotemporal analysis of OSM data and monitor the progress
in the data collation and OSM user contributions.

Bégin et al. [20] researched the life cycle of OSM contributors by analyzing the editing history over
four years. This featured an analysis of the impact of the editing history on the volume and frequency
of contributions using different models. In the approach developed by Minghini and Frassinelli [21],
the quality evaluation of OSM is based on a hybrid index. To answer the question “Is OSM up-to-date,”
they included the date of creation (first edit), date of the last edit, number of versions/revisions, number
of different contributors who edited that node or way and frequency of update in their hybrid index.
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Although OSM Notes has several visualization projects [10-13] and documents regarding API
acquisition [22], there is a limit to analyzing the data structurally because various responses to a
single post are made in multiple languages and articles with detailed analyses are limited in number.
As an example, “Neis Ones' Result Maps” expresses the latest basic statistics for each country [10].
“OpenStreetMap Notes: some interesting stats” includes a basic analysis of posting via Maps.me and
an attempt to extract data from OSM Notes using SPSS [23].

As clues for the analysis in the following chapters, previous studies on bug reporting and user
collaboration in general crowdsourcing include, for example, a review of bug localization [24]. A study
that analyzed data from a non-emergency municipal services called Open311 attempted to conduct a
geographic analysis of the activity of local residents to post about infrastructure damage in their city,
primarily through smartphone applications [25,26]. These studies address the feature classification
and geographic distribution estimation of bug reports and some of them also mention features of
SPAM-like submissions.

As described above, most of the studies on OSM thus far have analyzed map editing activities
and user characteristics on OSM and have also worked on data quality indexing. On the other hand,
OSM Notes is a system for providing comments and status (open or closed) to a single post and it is
difficult to understand the extraction method and characteristics of the data. This is because the data
are not structured like OSM data in the sense that a certain number of posts are anonymous. In this
study, we developed a script to convert OSM Notes dump data into a file that can be analyzed on
GIS and clarified the geographical differences in the characteristics of OSM Notes, mainly by country,
referring to existing studies.

3. Data Sources and Methods

This section describes the data sources and processes used in this research. Some OSM Notes
visualization tools discussed in the previous section are essentially a search mechanism, so it is difficult
to directly collect the global data needed for analysis. Therefore, we developed to create a script to
parse the dump data. This is because it allows the dump data to be processed and analyzed arbitrarily,
not limited to the data of the period. In this article, we collected the worldwide OSM Notes dump
data (“.osn” format, approximately 782 MB) as of 15 April 2019, were obtained from Planet OSM [27],
the OSM full data archive site. These data enables users to use OSM to input location information
and comments on arbitrary posts of web pages and map applications. Specifically, it is intended to
be used to report errors in the data and encourage the input of additional information not currently
added to OSM (for example, street names) and guidelines—especially the prohibitions as illustrated
in Table 1—were established for these purposes [28]. This list is basically a list of human-to-human
communication about map editing in OSM, as well as inappropriate behavior for others to view and
improve. As features of the note function, the importance of communication between users and for
quality improvement were considered.

This feature allows initial posts to be made by users registered as anonymous and without an
OSM account, but only users with an OSM account can revise or change Notes to open or closed.
This procedure indicates an arbitrary post and adds a comment, but as illustrated in Table 2, many other
properties can be included in the Notes data. Features of OSM Notes properties include OSM Notes
ID, latitude and longitude, timestamp, as well as information about the username, user ID and status
of the post. This makes it possible to trace the history of OSM Notes data from the archive data.

OSM Notes contain a unique ID, the attributes of the first user to the post and a timestamp.
OSM Notes also feature the distinction between Notes that are in the process of being modified or
discussed and unresolved (open) and those that were resolved (closed). These data are provided in
XML format on the archive site mentioned above, as well as the OSM original data, but it is not directly
readable in QGIS, because the data model contains attributes not included in the OSM data.

In this research, we developed improve OSM Notes by referring to OSM XML formatted
transformable script [29,30] to extract the appropriate attributes for a global geographic analysis of the
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contribution data and convert them to readable OSM data using QGIS. After dividing the data into
two different types of status (open and closed) data, to extract the user who posted first and timestamp,
the detailed attributes were converted into GIS data and the closing date was added as an attribute
from the comment and the national attribute was added to the location information of OSM Notes by
spatially coupling it with the national boundary data provided by the “thematicmapping” website [31].
These data were converted into a Geopackage format for analysis. When, “.osn” data are converted
directly to a general-purpose format such as GeoJSON or SHP, the content of the text in the notes
becomes very long and the text is broken in the middle. On the other hand, Geopackage is suitable for
GIS data containing a large amount of text data because of the redundancy of the data columns.

Table 1. The usages of OpenStreetMap (OSM) Notes.

Recommended acts

1. Use this feature to report an error in the data or to provide additional information, for instance, the name
of a street or an address.

Prohibited acts

1. Do not copy from other sources such as other maps, even if they do not cost money or are from the
government (there are only a few exceptions);

2. Do not argue; If you have something to discuss, please use some other contact channel (a personal
message, a mailing list, the forum or a face-to-face meet-up);

3. Do not post general comments; A note should relate to the map data at a specific location. If you want to
contact the community about something more general, please use a more appropriate contact channel;

4. Do not use Notes for yourself in a way that is useless to others. Although you can use Notes as a reminder
to yourself, you are also inviting others to look at it. Descriptions must make sense to other people;

5. Do not create automated Notes. Notes should be human-to-human communication. In addition;
avoid noting many data bugs that are already reported by automated quality assurance tools;

(Source: https://wiki.openstreetmap.org/wiki/Notes).

Table 2. OSM Notes properties in OSM Notes API 0.6.

Property Description Description Example
lon Longitude 0.1000000
lat Latitude 51.0000000
id OSM Notes ID 16,659
date_created First created note timestamp 2019-06-15 08:26:04 UTC
status OSM Notes status Open
date Comment timestamp 2019-06-15 08:26:04 UTC
uid OSM account id number 1234
user OSM account name username
action OSM Notes status open
text OSM Notes contents ThisIsANote

(Source: https://wiki.openstreetmap.org/wiki/API_v0.6#Map_Notes_API).

4. Geographic Distribution and Time-Series Trends in OSM Notes

The following sections describe the geographic distribution of OSM Notes data: (1) an overview
of the data trends, (2) an analysis of country-level data and (3) an analysis of time transition. Section 5
analyzes (1) the characteristics of anonymous users and (2) the tendency of posting using the
maps.me application based on the results of Section 4.

4.1. Overview of the Global Trends

This section provides an overview of the overall trends in the extracted OSM Notes. Table 3
summarizes the OSM Notes dump files from April 2013 to April 2019. The total OSM Notes over this
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period were 1,726,403 posts. Of these, unresolved Notes (open) accounted for 24.06% (415,433) of the
total and the resolved Notes (closed) accounted for 75.94% (1,310,970). The number of unique users
who originally posted each note was 87,972 (open) and 152,384 (closed), indicating that closed Notes
involved about 1.7 times more users. In particular, the first post can be made by an anonymous user
and these consisted of 134,655 posts (open: 32.4%) and 496,693 posts (closed: 37.9%), which is about
3%—40% of the total. Incidentally, the largest number of posts by the same OSM user, was 3388 (open:
0.82%) and 18,268 (closed: 1.39%), showing no significant difference. The time elapses between the
date of the first OSM Notes submission and April 15, 2019, were generally shorter for resolved (closed)
submissions and an average of 17 days. The unresolved (open) data tended to be protracted due to
some sort of failure or controversy in the OSM data, resulting in an average of 508 days. Similarly,
looking at the number of edits, closed Notes had an average of 2.34 and open Notes had an average of
1.38. As for the words (characters) in OSM Notes, the number of characters in the Open submission is
on average about 30 characters longer than that of those in the OSM Notes version. However, this trend
was not calculated due to language differences and the actual word quantity and content of the words
need to be closely examined.

Table 3. Summary of open/closed OSM Notes from April 2013 to April 2019.

Item Open Closed
Posting counts 415,433 (24.06%) 1,310,970 (75.94%)
Posting unique users 87,972 152,384
Posting counts of anonymous users 134,655 496,693
Count of days, min.-max. 0-2182 0-2168
Count of days, avg. 508 17
Count of versions, min.-max. 1-192 1-420
Count of versions, avg. 1.38 2.34
Count of OSM Notes words (character), min.-max. 0-36,592 84-21,380
Count of OSM Notes words (character), avg. 180 156

Figure 1a,b illustrates the total geographical distribution of open and closed OSM Notes and a
detailed analysis of this figure is given in Section 4.2. The distribution densities were obtained using
the kernel density estimation (KDE) method (50 km retrieval radius and 10 km output cell size).

Most of the data were roughly consistent with the data input range of OSM and were found to
be abundant in Europe, North America and East Asia. If we focus on closed OSM Notes posts,
the percentage was higher in Eastern Europe, India, southwest Australia, South America and
South Africa.

Of the OSM Notes, 185,737 points (14.2% of the total closed submissions) were resolved in less
than 1 day of posting or in 0 day. Many of these were simple notation errors and OSM attribute
additions and the length of the text was typically short, averaging 130 characters. As shown, Figure 2
has similar features as can be found in Figure 1b, but Figure 2 is particularly common in most of Europe
and the region around Moscow, Russia. The fact that 56,482 posts were made by anonymous users
(30% of the total) and that most of the contributors were OSM users may have contributed to the early
resolution of the problem.
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Figure 1. Overview of OSM Notes posted (a) open and (b) closed using kernel density estimation

(KDE).
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Figure 2. Distribution of closed OSM Notes resolved in 0 day using KDE.

The country-level trends are explained in Section 4.2 and the country rankings for OSM Notes
volume are pointed out here. Table 4 illustrates the number of open and closed Notes in the top ten
countries and Germany, the United States and Russia had the most Notes. The rankings are roughly
in line with OSM’s daily activity areas, although there were a few posts in Indonesia, Mexico and
South Africa, where many data were compiled in recent years. The number of posts that do not apply
to any country, such as contributions to the ocean, is 16,018 (open: 3.9%) and 38,864 (closed: 3.0%),
which were extremely small. The geographic analysis in the following section describes the results of
the analysis for the country or region where the OSM Notes postings occurred, but it should be noted
that, due to the nature of the OSM Notes data, it is not possible to identify the region of residence of

the user who posted the postings, which may differ from the place of origin of the OSM user.

Table 4. Ranking of open/closed OSM Notes total number by country from April 2013 to April 2019.

Rank Country Open Closed Total
1 Germany 28,128 226,695 254,823
2 Russia 17,803 154,985 172,788
3 United States 32,815 83,475 116,290
4 France 15,869 82,113 97,982
5 Spain 11,930 48,120 60,050
6 United 16,606 41,084 57,690

Kingdom
7 Italy 12,408 45,224 57,632
8 Poland 8709 47173 55,882
9 Brazil 7839 39,634 47,473
10 Canada 5624 40,944 46,568

4.2. Country-Level Trends

This section discusses the global overview of OSM Notes and the aggregate results at the national
scale. Figure 3a,b illustrates the results of aggregating the geographical distribution of the posts
illustrated in Figure 2 by country. The tops of the aggregate results for the number of submissions
by country were generally in line with the trends illustrated in Table 4, but as evident in Figure 3,
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the number of unresolved (open) OSM Notes was relatively high in Iraq, Ukraine, Argentina and
the Democratic Republic of Congo. In these countries, there were fewer OSM Notes that were
resolved (closed), suggesting that some obstacles or additional information may be required to edit
OSM. In contrast, looking at the distribution in Figure 4, it was evident that Germany had the most
resolved OSM Notes (closed) and this was a large difference compared to other countries. In particular,
the number of countries in Africa and Central America with high levels of closed Notes was relatively
small, suggesting that there were many unresolved issues.

(a)

stats_country_open [246]
[ 0-5000 [222]
[] 5000 - 10000 [14]
[ 10000 - 15000 [4]
[ 15000 - 20000 [3]
[l 20000 - 25000 [N/A]
Il 25000 - 30000 [1]
[l 30000 - 32815 [1]

stats_country_closed [246]
[] 0-50000 [241]
[ 50000 - 100000 [2]
[ 100000 - 150000 [N/A]
[l 150000 - 200000 [1]
Il 200000 - 226695 [1]

Figure 3. Overview of (a) open and (b) closed OSM Notes posted by country.
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Figure 4. Distribution of closed—-open rates of OSM Notes by country.

In addition, it is necessary to consider the balance of the number of open and closed OSM Notes.
This is because regions with extreme openness are still left behind for some reason when it comes to
issues with OSM data. Figure 4 illustrates the distribution of the resolution rate by country based on
the total number of closed and open Notes (C/O rates). In this analysis, we classified these rates into
five groups using the Jenks natural breaks optimization method. The advantage of this method is that
it is a method where the threshold is set at a value with a relatively large amount of change in the data,
since the proportion of the data in each country varies widely. This figure suggests that countries with
a large percentage of respondents have resolved the issues posted in the OSM Notes appropriately and
countries with a percentage over 100% or close to 100% are particularly eager to resolve them. As a
result, Cambodia, Chile, Luxembourg, the Netherlands, Armenia had the highest percentages in that
order, which are summarized in Table 5 together with the other indicators.

In Table 5, Netherlands, in particular, had a high number of OSM Notes and a high number
of unique users contributing to posts and anonymous contributions (Section 5). Cambodia had the
highest percentage of closed Notes and the average processing time was 8 days, a very short time.
Chile had the highest ratio of closed users in South America. Armenia was a relatively active region,
with over 500 unique users, although the total number of posts was not very high. In Luxembourg,
it was noteworthy that half of the total number of Notes were closed by anonymous users. The same
trend was observed in the Netherlands.

Table 5. Top 5 countries with high open/closed rates of OSM Notes.

Items Cambodia Chile Luxembourg Netherlands Armenia
open 0 48 19 745 136
closed 3141 7082 1228 31,858 5006
Total (rank) 3141 (72) 7130 (46) 1247 (103) 32,603 (12) 5142 (54)
Rates of C/O 3141.0 147.5 64.6 42.8 36.8
avg. versions 2.3 2.2 2.3 2.7 22
avg. closed days 8 444 109 90 27
Unique users 1044 1915 192 2993 591
open by anonymous 0 6 9 237 28

closed by anonymous 514 1818 621 14,703 642
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On the other hand, in analyzing user interactions through OSM Notes posts, it was also important
to understand how many users with OSM accounts were participating. Figure 5 illustrated the total
number of unique users involved in the first OSM Notes submission. Russia and Germany were the
highest, with approximately 15,000 users. The next most popular destination was the United Stated,
followed by France and Ukraine, with over 5000 users. However, if we look at the ratio of unique users
to the total number of OSM Notes posts, we could see that Europe and Russia had relatively small
levels (less than 20% of posts) and OSM users were active in several African countries, as well as in
countries in East Asia that were involved in crisis mapping or missing maps.

Number of unique OSM users [246]
[10-2000 [227]
[ 2000 - 4000 [9]

[-] 4000 - 6000 [6] y
[ 6000 - 8000 [1] 4 ‘ 3
[ 8000 - 10000 [1] :
[ 10000 - 12000 [N/A] -
[ 12000 - 14000 [N/A] =
Il 14000 - 15104 [2] :

§§ T L2 -

Figure 5. Distribution number of OSM Notes posted by unique OSM account by country.

When the percentage of unique users who were involved in the first post was aggregated
by country, the trends in each country appear to be slightly different, as illustrated in Figure 6.
African countries such as Guinea-Bissau and Western Sahara had a small absolute number of posts,
so even a small number of contributors could make a significant contribution when multiple users
participate. Interestingly, there were more than 10,000 contributions from Asian countries such as India,
Pakistan and Vietnam, but there were also many unique contributors in these countries. Crisis mapping
and mapathon events were actively carried out in these countries and the inflow of many OSM users,
including newcomers, was more advanced than in other countries.
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Unique OSM account rate [246]
[ 0%-20%[63]

[ 20%- 40% [113]
[ 40% - 60% [39]
B 60% - 80% [12]
I 80% -100% [9)] L.

Figure 6. Distribution rate of OSM Notes posted by unique OSM account by country.

4.3. Time Transition Trends

This section chronologically observes when records classified as closed in OSM Notes (Total:
1310,970) were posted (first input date) and resolved (closed). Figure 7 illustrates the date of the first
submission in monthly order; Figure 8 also illustrates when the submitted OSM Notes were resolved
(closed) in the same order. Focusing on Figure 7, the first major peaks for OSM Notes were on August
2014 (22,540). After that, the number of posts constantly increased from around July 2016 (32,736) and
August 2016 (34,786) became the second-largest peak. When the contribution data of these dates was
outlined, there was no exceptionally large event and there were comparatively many contributions in
Europe and Brazil, but this was not unusual. However, in around April 2016, maps.me, OSM’s main
offline application, added an “in-app map editor” feature, probably due to the related posts. Data from
maps.me are reviewed in Section 5, together with the analysis of the anonymous posts.

From the time series changes resolved by the OSM Notes, as illustrated in Figure 8, the largest
peaks were in August 2017 (27,991). Similar to Figure 7, these peaks were relatively high in Europe
and Brazil, but were not so high. However, the increase in the contribution in July in each region
coincides; this is likely because of mapping parties and active mappers during the summer vacation.
These features are difficult to monitor on a global scale using OSM’s editing history alone, except for
events in which crisis mapping was performed, but they represent the features of user interaction that
can be assessed using OSM Notes.
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Figure 8. Time transitions of OSM Notes closed (resolved) post.

In addition, looking at the time taken to resolve the closed OSM Notes, as illustrated in Figure 9,
the trends for the average resolution time differs regionally. In Europe, Russia, Canada and Australia,
each issue is resolved in a relatively short period. In contrast, in countries such as Saudi Arabia
and Yemen, a relatively large number of OSM Notes were not resolved for an extended period
(approximately 500 days or more), although this is partly due to the small number of contributions.
In the case of countries that take longer to resolve Notes, the issues posted on OSM Notes may not
have local contributors or can be identified accurately. Therefore, it is possible to observe the limits of
“Armchair Mapping” represented by the evidence from satellite data.
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Figure 9. Distribution of average days of OSM Notes closed (resolved) period by country.

5. Exploratory Analysis of OSM Notes Data

5.1. Anonymous Users” OSM Notes

In this section, we discuss the trends and characteristics of anonymous contributions to OSM Notes.
Figure 10 illustrates the results of the analysis of the contribution ratio of anonymous contributions
by country. This ratio was calculated by counting only anonymous users who contributed to each
open/closed post, first and dividing this by the total number of posts. Therefore, this trend demonstrates
the characteristics of a country with a high participation of users who do not have OSM accounts.
Countries such as Costa Rica (1793 cases, about 62.3%) and French Guiana (approximately 67.8%,
221 cases) in Central America and the Caribbean have the highest percentages, except for one post.
The results also demonstrated that in European countries, both OSM users and anonymous users post
Notes frequently. In contrast to the OSM user ratio illustrated in Figure 6, the contribution ratio of
anonymous users is relatively high in Europe, where OSM users are more active. It also demonstrates
that anonymous users are more active than OSM users in China and other Asian countries.

Next, the characteristics of the most submitted data from the closed OSM Notes data by anonymous
users and OSM users, respectively, are shown. A box plot chart was used to compare the differences in
number of days required for resolved (closed) OSM Notes and total number of characters between
anonymous and non-anonymous user posts (Figure 11a,b). The distribution is generally similar, but
most OSM user contributions have few shorter resolution days and more comments. This suggests
that OSM users’ comments are generally more controversial when it comes to modifying OSM
data. However, it took an average of 2 OSM Notes to resolve all cases. This indicates that posts by
OSM users are more likely to provoke discussion on OSM Notes. On the other hand, there is no
significant difference in the number of days it takes to solve an issue between anonymous and OSM
users in any version, suggesting that easily solvable issues are not necessarily more often posted by
anonymous users.
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Figure 11. Comparison of anonymous and OSM users’ closed OSM Notes (a) number of days required
for resolution and (b) number of characters.

5.2. OSM Notes Trends Using Maps.me

This section analyzes the distribution of posts using the maps.me application along with the trends
in posts by anonymous users. To identify these posts, a string of comments from OSM Notes was
extracted. If users post OSM Notes in Maps.me, the hashtag #mapsme were automatically assigned and
the posts containing this string in the OSM Notes were tabulated. As OSM comments are multilingual,
it is generally challenging to analyze text on a global level. The overall statistics were 53,210 (12.8%
of the total) for open OSM Notes and 78,420 (6.0% of the total) for closed OSM Notes each using the
map.me application. As illustrated in Figure 12, when the analysis is based on the percentage of posts
made using maps.me against OSM Notes, a slightly different trend is evident and the percentage is
high in Middle Eastern and African countries, such as Liberia and Yemen. Although users from these
countries do not post OSM Notes, data from maps.me, which is available offline and for smartphones,
is relatively popular for local OSM data issue posts in these countries. This participation in OSM can
be seen as a form of contributing, other than editing OSM data directly.
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Figure 12. Distribution rates of OSM Notes posted using maps.me.
5.3. Closed OSM Notes Including the Keyword of “SPAM”

Although such cases did not make up a high percentage of the total, 10,740 posts were identified
globally that contained keywords related to SPAM in closed OSM Notes; this was 0.9% of the total.
SPAM was explicitly included in the keywords and it could also be found in the case of vandalism
using a list of meaningless characters. However, since it is difficult to determine differences between
languages, we have focused on the keyword in this study.

Figure 13 shows the percentage of SPAM keywords included in closed posts by country; there were
126 countries where more than one post was confirmed. The comments of OSM Notes in this study
are composed of multiple languages, so it is difficult to extract all SPAM text. However, since SPAM
comments found in OSM Notes guidelines are reviewed and acted upon by data working group in OSM
foundation, it is important to understand trends in OSM Notes, including SPAM keywords, in order to
understand where communication impediments are occurring. The countries with particularly high
numbers using this keyword are Cameroon, Azerbaijan and Monaco, in that order, with 10% to 22% of
the total closed OSM Notes submissions. In particular, Cameroon and Azerbaijan have relatively high
rates of such posts from anonymous users and maps.me.

Next, we describe a characteristic case of OSM Notes containing SPAM messages. Figure 14 shows
the cases with the highest number of comments among the OSM Notes. There were 420 comments for
#799041, which was the highest amount that included the SPAM keyword that had already been closed
and that had undergone the most editorial revisions. The first was a comment on whether Kneipp
Street in Freiburg, Germany, is a one-way street. However, there were many additional comments
about the shops and communal facilities in this area and various posts were made during about two
years after the first post in November 2016. At this point, comments in the middle part were accessible
for anonymous users, so there were some disruptive comments. Now, anonymous users can no longer
insert posts into unresolved OSM Notes. This is an extreme example of SPAM submissions, but at the
same time, about 70 of the cases with “SPAM” as a keyword had more than 10 revisions.
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Figure 14. The most revisions of an OSM Notes case in Germany.
6. Discussion

In this study, we focused on OSM Notes, as a supplementary tool to improve the quality of
OSM and analyzed the overall situation mainly using the distribution by country. According to the
collected data, 1,726,403 posts were posted during the period from April 2013 to April 2019, when OSM
Notes began functioning. In particular, more than 150,000 OSM users contributed to OSM Notes,
which had already been resolved (closed) and anonymous users contributed approximately one-third
of all posts. In Europe, where OSM is most active, relatively, there were many contributions in Russia,
the United States and South America. A detailed analysis of OSM users, anonymous users and data
from maps.me in relation to the number of posts by country demonstrates that Asian, Middle Eastern
and African countries also had many users. Similarly, it is now possible to analyze further details of the
data, such as the resolution time and revised versions, by analyzing the resolved (closed) OSM Notes.
In this study, data from the Middle East and Africa were included as it is expected that in the future,
more OSM will emerge from these regions, but this was not always sufficient for the confirmation of
the reasons behind problems in the OSM data. However, some countries in South America and Eastern
Europe are actively using OSM Notes to resolve bugs and some countries have high-resolution rates.
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On the other hand, a limitation of this study is that it cannot provide deep insight into the
communication between contributors using OSM Notes. This is because the content of the data are
multilingual and the data structure of the comment column was complicated and could not be easily
extracted. However, as a means of examining the diversity of posted OSM Notes, we suggest the
possibility of an additional analysis on the users who commented, focusing on the language used
in the comments in addition to the country-specific differences that were examined in this study.
Here, we show the geographical distribution of closed OSM Notes using Google Translate API to
determine the language of the closed OSM Notes text, using German as an example as it has the
most contributions after English (Figure 15). There are 205,846 closed OSM Notes posted in German,
which represents 15.7% of the total. From the order of the number of submissions, it is clear that they
are heavily entrenched in Europe, coming from Germany (181,886), Austria (11,785) and Switzerland
(4583). On the other hand, contributions were also found in some countries of the Asian continent and
the Americas, suggesting that German-speaking OSM users are participating globally.

(a)

Closed_Germany Lang. [205846]

Country Germany Lang. rates [246]
[] 004% - 20% [150]
[ 20%- 40% (2]
[ 40%-60%[1]
B 60%- 80% [1]
Il 80%-[1]

= =

(b) Closed_Germany Lang.
Country Germany Lang. rates
[1004%-20%

[] 20% - 40%

[ 40% - 60%

I 60% - 80%

I 80%-

Figure 15. Geographical distribution of closed OSM Notes text using German (a) worldwide and
(b) European countries.

7. Conclusions

The exploratory analysis of OSM Notes in this study provides an understanding of how OSM users
practiced quality management. The study discovered new factors to improve the quality of the data,
required for the corrections process by anonymous users’ contributions. OSM Notes include detailed
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user interactions like the communication on proposed solutions to OSM problems. Subsequently, it has
the potential to extend the interaction of VGI users. The purpose of this study was to identify regional
differences in various aspects of OSM Notes and to make clear the global trends as the continuing
activities to compile and improve OSM data.

The previous studies have mainly focused on visualizing of the spatial distribution of OSM
Notes and these focused on getting overview of the situation. The advantage of this study especially
shows the global trends in OSM Notes data on a country basis and analyses several factors that
characterize individual data, OSM Notes can be used to clarify the geographic distribution of OSM
data need improvements from multiple perspectives. However, to conduct a more detailed analysis,
it would be necessary to analyze the text of the contents, one of unresolved issues of OSM Notes and
correspondence between users. However, to conduct a more detailed analysis, it would be necessary
to analyze the text of the contents, future predictions of unresolved OSM Notes and correspondence
between users. In particular, it is important to undertake quantitative analysis of OSM user interactions.
This is actually being discussing in crowdsourcing research, but there are no examples at least for
OSM-Notes. Therefore, we believe that the OSM Notes extract script improved in this study can be
analyzed from past historical data by improving it so that the text body can be further formatted
and extracted.

In future research, text mining of the contents of OSM Notes should reveal more specifically the
map features that require editing. However, as mentioned in the previous chapter, OSM Notes is used
in a variety of languages, so it would be necessary to focus on linguistic differences in the analysis.
More specifically, for example, the “fixme” tag could be used to modify OSM data and comparisons
could be made with other data. In addition, since OSM user are not anonymous (with the exception of
anonymous posts), it may be possible to investigate the connections between users through replies to
comments. These analyses will provide clues to the personal networks of OSM users.
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