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Community control. Not only is the
actual data controlled by the contribu-
tor community, so, too, is the schema
of the data. Contributors edit the popu-
lation number of Rome but also decide
whether there is such a number in the
first place.

Plurality. It would be naive to expect
global agreement on the “true” data,
since many facts are disputed or sim-
ply uncertain. Wikidata allows conflict-
ing data to coexist and provides mecha-
nisms to organize this plurality.

Secondary data. Wikidata gathers
facts published in primary sources, to-
getherwith references to these sources;
for example, there is no “true popula-
tion of Rome” but rather a “population
of Rome as published by the city of
Rome in 2011.”

Multilingual data. Most data is not
tied to a single language; numbers,
dates, and coordinates have universal
meaning, so labels like “Rome” and
“population” are translated into many
different languages. Wikidata is mul-
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tilingual by design. While Wikipedia
has independent editions for each lan-
guage, there is only one Wikidata site.

Easy access. Wikidata’s goal is to al-
low data to be used both in Wikipedia
and in external applications. Data is ex-
ported through Web services in several
formats, including JavaScript Object
Notation, or JSON, and Resource De-
scription Framework, or RDF. Data is
published under legal terms that allow
the widest possible reuse.

Continuous evolution. In the best
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tradition of Wikipedia, Wikidata grows
with its community of editors and
developers and the tasks they give it.
Rather than develop a perfect system to
be presented to the world in a couple of
years, new features are deployed incre-
mentally and as early as possible.
These properties characterize Wikida-
ta as a specific kind of curated database.®

Data in Wikipedia

The value of Wikipedia’s data has long
been obvious, with many efforts to use
it. The Wikidata approach is to crowd-
source data acquisition, allowing a
global community to edit the data. This
extends the traditional wiki approach
of allowing users to edit a website. Wiki
is a Hawaiian word for fast; Ward Cun-
ningham, who created the first wiki
in 1995, used it to emphasize that his
website could be changed quickly."”

The most popular such system is
Semantic MediaWiki, or SMW,** which
extends MediaWiki, the software used
to run Wikipedia,” with data-manage-
ment capabilities. SMW was originally
proposed for Wikipedia but was quick-
ly used on hundreds of other websites
as well. Unlike Wikidata, SMW man-
ages data as part of its textual content,
thus hindering creation of a multilin-
gual, single knowledgebase support-
ing all Wikimedia projects. Moreover,
the data model of Wikidata is more
elaborate than that of SMW, allowing
users to capture more complex infor-
mation. In spite of these differences,
SMW has had a great influence on
Wikidata, and the two projects share
code for common tasks.

Other examples of free knowledge-
base projects are OpenCyc and Free-
base. OpenCyc is the free part of Cyc,*®
which aims for a much more compre-
hensive and expressive representation
of knowledge than Wikidata. OpenCyc
is released under a free license and
available to the public, but, unlike
Wikidata, is not editable by the public.
Freebase, acquired by Google in 2010,
is an online platform that allows com-
munities to manage structured data.”
Objects in Freebase are classified by
types that prescribe what kind of data
an object can have; for example, Free-
base classifies Einstein as a “musical
artist” since it would otherwise not be
possible to refer to recordings of his
speeches. Wikidata supports the use
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of arbitrary properties on all objects.
Other differences from Wikidata are
related to multi-language support,
source information, and the propri-
etary software used to run the site. The
latter is critical for Wikipedia, which is
committed to running on a fully open
source software stack to allow all to
fork, or copy and create one’s own ver-
sion of the project.

Other approaches to creating
knowledgebases from Wikipedia have
aimed at extracting data from Wikipe-
dia, most notably DBPedia® and Yago,"?
that extract information from Wikipe-
dia categories and from infoboxes, the
tabular summaries in the upper-right
area of many Wikipedia articles. Ad-
ditional mechanisms help improve
extraction quality. Yago includes tem-
poral and spatial context information,
but neither DBpedia nor Yago extract
source information.

Wikipedia data, obtained from
these projects or through custom ex-
traction methods, has been used to
improve object search in Google’s
Knowledge Graph (based on Freebase)
and Facebook’s Open Graph and in an-
swering engines, including Wolfram
Alpha,* Evi,** and IBM’s Watson.
Wikipedia’s geo-tags are also used by
Google Maps. All these applications
would benefit from up-to-date, ma-
chine-readable data exports (such as
the way Google Maps shows India’s
Chennai district in the polar Kara Sea,
next to Ushakov Island). Among these
applications, Freebase and Evi are the
only ones that also allow users to edit
or to at least extend the data.

A Short History of Wikidata
Wikimedia launched Wikidata in Octo-
ber 2012. Initially, features were limit-
ed, with editors only able to create items
and connect them to Wikipedia articles.
In January 2013, three Wikipedias—first
Hungarian, then Hebrew and Italian—
began to connect to Wikidata. Mean-
while, the Wikidata community had
already created more than three million
items. The English Wikipedia followed
in February, and all Wikipedias were
connected to Wikidata in March.
Wikidata received input from more
than 40,000 contributors as of Febru-
ary 2014. Since May 2013, it has con-
tinuously had more than 3,500 active
contributors, those making at least



five edits per month. These numbers
make it one of the most active Wiki-
media projects.

In March 2013, Wikimedia intro-
duced Lua as a scripting language for
automatically creating and enriching
parts of articles (such as the infobox-
es mentioned earlier). Lua scripts can
access Wikidata, allowing Wikipedia
editors to retrieve, process, and dis-
play data.

Many other features were intro-
duced in 2013, and development is
planned to continue for the foresee-
able future.

Out of Many, One

The first challenge for the Wikidata
community was to reconcile the 287
language editions of Wikipedia; for
example, for Wikidata to be truly
multilingual, the object representing
“Rome” must be one and the same
across all languages. Fortunately,
Wikipedia already has a closely relat-
ed mechanism: language links, dis-
played on the left side of each article,
connecting articles in different lan-
guages. These links were created from
user-edited text entries at the bottom
of each article, leading to a quadratic
number of links; for example, each of
the 207 articles on Rome included a
list of 206 links to all other articles on
Rome—a total of 42,642 lines of text.
By the end of 2012, 66 of the 287 lan-
guage editions of Wikipedia included
more text for language links than for
actual article content.

It would clearly be better to store
and manage language links in a single
location, and so became Wikidata’s
first task. For every Wikipedia article, a
page has now been created on Wikida-
ta for managing links to related Wiki-
pedia articles in all languages; these
pages are called “items.” Initially, only
a limited amount of data could be
stored for each item: a list of language
links, alabel, alist of aliases, and a one-
line description. Labels, aliases, and
descriptions can now be specified indi-
vidually for up to 358 languages.

The Wikidata community has cre-
ated bots to move language links from
Wikipedia to Wikidata, and more
than 240 million links were removed
from Wikipedia. Most language links
displayed on Wikipedia are served
from Wikidata. It is still possible
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Figure 1. Screenshot of a complex statement in Wikidata.

Population 2,761,477 [ edit]
as of 2010
method estimation

» 1 source

[add]

Figure 2. Growth of Wikidata: (a) bi-weekly number of edits for different editor groups and

(b) size of knowledgebase.
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to add custom links in an article, as
needed in the rare cases where links
are not bi-directional; some articles
refer to more general articles in other
languages, while Wikidata deliber-
ately connects pages that cover the
same subject. By importing language
links, Wikidata gained a huge set of
initial items “grounded” in actual
Wikipedia pages.

Simple Data

(Properties and Values)

To store structured data beyond text
labels and language links, Wikidata
uses a simple data model. Data is ba-
sically described through property-
value pairs; for example, the item for
“Rome” might have a property “popu-
lation” with value “2,777,979.” Prop-
erties are objects and have their own
Wikidata pages with labels, aliases,
and descriptions. Unlike items, how-
ever, these pages are not linked to
Wikipedia articles.

Basic statistics about Wikidata (August 2014).

On the other hand, property pages
always specify a datatype that defines
which type of values the property can
have. “Population” is a number; “has
father” relates to another Wikidata
item; and “postal code” is a string. This
information is important for providing
adequate user interfaces and ensuring
the validity of inputs. There are only
a small number of datatypes, mainly
quantity, item, string, date and time,
geographic coordinates, and URL.
Data is international, though its dis-
play may be language-dependent; for
example, the number 1,003.5 is writ-
ten “1.003,5” in German and “1 003.5”
in French.

Not-So-Simple Data

Property-value pairs are too simple
in many cases; for example, Wikipe-
dia says the population of Rome was
2,651,040 “as of 2010” based on “es-
timations” published by the National
Institute for Statistics, or Istat, in Italy

Supported languages 358
Labels 52,811,608
Descriptions 37,636,220
Aliases 8,765,542
Items 15,792,256
Items with statements 11,986,708
Items with =5 statements 3,017,227
Item with most statements: Rio Grande do Sul 513
Statements 43,189,145
Statements with reference 23,242,779
Properties 1,176
Most-used properties

—instance of 10,892,599
- country 2,236,846
- sex or gender 2,203,270
Registered contributors 54,670
— with 5+ edits in June 2014 4,989
Edits 157,531,945
Use of datatypes

- Wikidata items 29,199,563
- Strings 9,233,241
- Points in time 2,287,271
— Geocoordinates 1,620,508
- Media files 673,769
- URLs 97,949
- Numbers (new in 2014) 73,627
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(http://www.istat.it/); see Figure 1 for
how Rome statistics can be represented
in Wikidata. Even leaving source infor-
mation aside, the information cannot
be expressed easily in property-value
pairs. One could use a property “esti-
mated population in 2010” or create an
item “Rome” in 2010 to specify a value
for its “estimated population.” How-
ever, either solution is clumsy and im-
practical. As suggested by Figure 1, we
would like the data to contain a proper-
ty “as of” with value “2010” and a prop-
erty “method” with value “estimation.”
These property-value pairs do not refer
to Rome but to the assertion that Rome
has a population of 2,651,040. We thus
arrive at a model where the property-
value pairs assigned to items can have
additional subordinate property-value
pairs we call “qualifiers.”

Qualifiers can be used to state con-
textual information (such as the valid-
ity time for an assertion). They can also
be used to encode ternary relations that
elude the property-value model; for ex-
ample, to say Meryl Streep played Mar-
garet Thatcher in the movie The Iron
Lady, one could add to the item of the
movie a property “cast member” with
value “Meryl Streep” and an additional
qualifier “role = Margaret Thatcher.”

Such qualifiers illustrate why we
adopted an extensible set of qualifi-
ers instead of restricting ourselves to
the most common qualifiers (such as
for temporal information). Qualifiers
in their current form are indeed an
almost direct representation of data
found in Wikipedia infoboxes. This so-
lution resembles known approaches to
representing context information.'*
It should not, however, be misunder-
stood as a workaround to represent
relations of higher arity in graph-based
data models, since Wikidata state-
ments do not have a fixed (or even
bounded) arity in this sense.?

Wikidata also allows for two spe-
cial types of statements: First, it is
possible to specify that the value of
a property is unknown; for example,
one can say Ambrose Bierce’s day of
death is unknown rather than not say
anything about it, clarifying he is cer-
tainly not among the living. Second,
one can say a property has no value at
all (such as in asserting Australia has
no countries sharing its borders). It
is important to distinguish this situ-



ation from the common case that in-
formation is simply incomplete. It
would be wrong to consider these
two cases as special values, becoming
clear when considering queries that
ask for items sharing the same value
for a property; otherwise, one would
have to conclude Australia and Ice-
land have a common neighbor.

Further details on the Wikidata data
model and its expression in Web On-
tology Language in Resource Descrip-
tion Framework, or OWL/RDF, can be
found in Erxleben et al.’

Citation Needed

Property assertions, possibly with
qualifiers, provide a rich structure for
expressing arbitrary claims. In Wiki-
data, every such claim can include a
list of references to sources that sup-
port the claim. Including references
agrees with Wikipedia’s goal of being a
secondary (or tertiary) source that does
not publish its own research but rather
gathers information published in oth-
er primary (or secondary) sources.

There are many ways to specify a
reference, depending on whether it is
a book, a curated database, a website,
or something else entirely. Moreover,
some sources may be represented by
Wikidata items, while others are not.
In this light, a reference is simply a list
of property-value pairs, leaving the de-
tails of reference modeling to the com-
munity. Note Wikidata does not auto-
matically record provenance® but does
provide for the structural representa-
tion of references.

Sources are also important as con-
text information. Different sources
often make contradictory claims,
yet Wikidata intends to represent all
views rather than choose one “true”
claim. Combined with the context in-
formation provided by qualifiers (such
as for temporal context), many state-
ments could be stored about a single
property (such as population). To help
manage this plurality, Wikidata allows
contributors to optionally mark state-
ments as “preferred” (for the most
relevant, current statements) or “dep-
recated” (for irrelevant or unverified
statements). Deprecated statements
may be useful to Wikidata editors, to
record erroneous claims of certain
sources or to keep statements that still
need to be improved or verified. As
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Figure 3. Wikidata in external applications: the “Reasonator” data browser

(http://tools.wmflabs.org/reasonator/)
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with all Wikidata content, these clas-
sifications are subject to community-
governed editorial processes, similar
to those of Wikipedia.'

Wikidata by the Numbers

Wikidata has grown significantly since
its launch in October 2012; see the ta-
ble here for key facts about its current
content. It has also become the most
edited Wikimedia project, with 150~
500 edits per minute, or a half million
per day, about three times as many as
the English Wikipedia. Approximately
90% of these edits are made by bots
contributors create for automating
tasks, yet almost one million edits per
month are still made by humans. Fig-
ure 2a shows the number of human
edits during 14-day intervals. We high-
light contributions of power users with
more than 10 or even 100,000 edits, re-
spectively, as of February 2014, as they
account for most of the variation. The
increase in March 2013 marked the of-
ficial announcement of the site.

Figure 2b shows the growth of Wiki-
data from its launch until February
2014. There were approximately 14.5
million items and 36 million language
links. Essentially, every Wikipedia ar-
ticle is connected to a Wikidata item
today, so these numbers grow slowly.
In contrast, the number of labels, 45.6
million, as of February 2014, contin-
ues to grow; there are more labels than
Wikipedia articles. Almost 10 mil-
lion items have statements, and more
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than 30 million statements were cre-
ated using more than 900 different
properties. As expected, property use
is skewed; the most frequent property
is “instance of” P31 (5.6 million uses)
for classifying items; one of the least-
frequent properties is P485 (133 uses),
which connects a topic (such as Jo-
hann Sebastian Bach) with the institu-
tion that archives the topic (such as the
Bach-Archiv in Leipzig).

The Web of Data
One promising development in Wiki-
data is the volunteer community’s re-
use and integration of external iden-
tifiers from existing databases and
authority controls, including the In-
ternational Standard Name Identifier,
or ISNI, China Academic Library and
Information System, or CALIS, Inter-
national Air Transport Association,
or IATA, MusicBrainz for albums and
performers, and North Atlantic Ba-
sin’s Hurricane Database, or HURDAT.
These external IDs allow applications
to integrate Wikidata with data from
other sources that remain under the
control of the original publisher.
Wikidata is not the first project
to reconcile identifiers and author-
ity files from different sources. Oth-
ers include the Virtual International
Authority File, or VIAF, in the biblio-
graphic domain,” GeoNames in the
geographical domain,” and Free-
base.” Wikidata is linked to many of
these projects yet also differs in terms
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of scope, scale, editorial processes,
and author community.

The collected data is exposed in
various ways; for example, current per-
item exports are available in JSON,
XML, RDF, and several other formats.
Full database dumps are created at in-
tervals and supplemented by daily dif-
fs. All data is licensed under a Creative
Commons CCO license, thus putting
the data in the public domain.

Every Wikidata entity is identified
by a unique URI (such as http://www.
wikidata.org/entity/Q42 for item Q42,
Douglas Adams). By resolving this
URI, tools are able to obtain item data
in the requested format (through con-
tent negotiation). This follows Linked
Data standards for data publication,’
making Wikidata part of the Semantic
Web*? while supporting integration
of other semantic Web data sources
with Wikidata.

Wikidata Applications

The data in Wikidata lends itself to
manifold applications on very different
levels of data integration.

Language labels and descriptions.
Wikidata provides labels and descrip-
tions for many terms in different lan-
guages, possibly using them to present
information to international audienc-
es. Unlike common dictionaries, Wiki-
data covers many named entities (such
as for places, chemicals, plants, and
specialist terms) that may be very dif-
ficult to translate. Many data-centric
views can be translated trivially term by
term—think maps, shopping lists, and
ingredients of dishes on a menu—as-
suming all items are associated with
suitable Wikidata IDs. The open source
JavaScript library qLabel (http://google-
knowledge.github.io/qLabel/) provides
this functionality for any website.

Identifier reuse. Item IDs can be
used as language-independent iden-
tifiers to facilitate data exchange and
integration across application bound-
aries. Referring to Wikidata items, ap-
plications can provide unambiguous
definitions for the terms they use that
are also the entry points to a wealth of
related information. Wikidata IDs thus
resemble digital object identifiers, or
DOIs, but emphasize (meta)data be-
yond online document locations and
use another social infrastructure for ID
assignment. Wikidata IDs are stable:
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IDs do not depend on language labels;
items can be deleted, though IDs are
never reused; and the links to other
datasets and sites further increase sta-
bility. Besides providing a large collec-
tion of IDs, Wikidata also provides the
means to support contributors in se-
lecting the right ID by displaying labels
and descriptions; external applications
can use the same functionality through
the same API.

Accessing Wikidata. The informa-
tion collected by Wikidata is interest-
ing in its own right, and many appli-
cations can be built to access it more
conveniently and effectively. Applica-
tions created as of early 2014 included
generic data browsers like the one in
Figure 3 and special-purpose tools, in-
cluding two genealogy viewers, a tree of
life, a table of the elements, and various
mapping tools. Applications can use
the Wikidata API to browse, query, and
even edit data. If simple queries are not
enough, a dedicated copy of the data is
needed; that copy can be obtained from
regular dumps and possibly be updated
in real time by mirroring edits on Wiki-
data. The Wikidata Toolkit, an open
source Java library (https://www.medi-
awiki.org/wiki/Wikidata_Toolkit), pro-
vides convenient access to the dumps.

Enriching applications. Many appli-
cations can be enriched by embedding
information from Wikidata directly
into their interfaces; for example, a
music player might want to fetch the
portrait of the artist just being played
in the audio file. Unlike earlier uses
of Wikipedia data (such as in Google
Maps), application developers need
not extract and maintain the data
themselves. Such lightweight data ac-
cessis particularly attractive for mobile
apps. In other cases, application devel-
opers preprocess data to integrate it
into their applications; for example, it
would be easy to extract a file of all Ger-
man cities, together with their regions
and post-code ranges, that could then
be used in an application. Such derived
data can be used and redistributed on-
line or in software under any license,
even in commercial contexts.

Advanced analytics. Information
in Wikidata can be further analyzed
to derive new insights beyond what
is already revealed on the surface. An
important approach in this regard is
logical reasoning, where information



about general relationships is used to
derive additional facts; for example,
Wikidata’s property “grandparent” is
obsolete, since its value can be inferred
from values of properties “father” and
“mother.” If an application developer is
generally interested in ancestors, then
a transitive closure must be computed.
Such a closure is relevant for many hier-
archical, spatial, and partonomical rela-
tions. Other types of advanced analytics
include statistical evaluations of both
the data and the incidental metadata
collected in the system; for example, a
researcher can readily analyze article
coverage by language,' as well as the
gender balance of persons described in
Wikipedia articles.” As in Wikipedia,
Wikidata provides plenty of material for
researchers to study.

These are only the most obvious ap-
proaches to exploiting the data, and
many as-yet unforeseen uses should
be expected. Wikidata is young, and
its data is far from complete. We look
forward to new and innovative applica-
tions due to Wikidata and its develop-
ment as a knowledgebase.”?

Prospects

Features still missing include support
for complex queries, which is now un-
der development. However, in trying
to predict the future of Wikidata, the
development team’s plans are prob-
ably less important than one would
expect; for example, the biggest open
questions concern the evolution and
interplay of the many Wikimedia com-
munities. Will Wikidata earn their
trust? How will each of them, with its
own language and -culture, access,
share, and co-evolve the way Wikidata
is structured? And how will Wikidata
respond to the demands of the com-
munities beyond Wikipedia?

The influence of the volunteer com-
munity extends to technical develop-
ment of the website and its underly-
ing software. Wikidata is based on an
open development process that invites
contributions, while the site itself pro-
vides many extension points for user-
created add-ons. The community has
designed and developed features (such
as article badges for featured articles,
image embedding and multi-language
editing). The community has also de-
veloped ways to enrich the semantics
of properties by encoding (soft) con-

straints, as reflected in the guideline
“Items should have no more than one
birthplace.” External tools gather this
information, analyze the dataset for
constraint violations, and publish the
list of violations on Wikidata to allow
editors to check if they are valid excep-
tions or errors.

These aspects of the Wikidata de-
velopment process illustrate the close
relationships among technical infra-
structure, editorial processes, and con-
tent and the pivotal role the communi-
ty plays in shaping Wikidata. However,
the community is as dynamic as Wiki-
data itself, based not on status or mem-
bership but on the common goal of
turning Wikidata into the most accu-
rate, useful, and informative resource
possible. This goal promises stability
and continuity, even as it allows any-
one to take part in defining the future
of Wikidata.

Wikipedia is by all accounts one of
the most important websites today,
a legacy Wikidata must live up to. In
only two years, Wikidata is already
an important platform for integrat-
ing information from many sources.
In addition, it also aggregates large
amounts of incidental metadata about
its own evolution and contribution to
Wikipedia. Wikidata thus has the po-
tential to be a major resource for both
research and development of new and
improved applications. Wikidata, the
free knowledgebase anyone can edit,
may thus bring us all one step closer
to aworld that freely shares in the sum
of all knowledge.
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