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Abstract

Entity Linking is a powerful approach for linking textual data to established structured data such as survey data or
adminstrative data. However, in the realm of social science, the approach is not widely adopted. We argue that this
is, at least in part, due to specific setup requirements which constitute high barriers for usage and workflows which
are not well integrated into analyitical scenarios commonly deployed in social science research. We introduce the
dbpedia R package to make the approach more accessible. It has a focus on functionality that is easily adoptable
to the needs of social scientists working with textual data, including the support of different input formats, limited
setup costs and various output formats. Using a ParlaMint corpus, we show the applicability and flexibility of the
approach for parliamentary debates.
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1. Introduction signment of entities in a document — often repre-
senting persons, organizations and locations — to
Recent innovations such as transformer-based  corresponding entities in an external knowledge
machine learning and large language models  graph (Linhares Pontes et al., 2020, p. 218; Méller
come with huge promises and great potential for et al., 2022, p. 925). This way, the text can be
scholars of different disciplines (Linegar et al., represented in a “computer-processable form” (Al-
2023). The unprecedented wealth of available = Mosimietal., 2020, p. 32862), thus potentially facil-
data and tools continuously inspires new re- itating integrated analyses by shared unique iden-
search questions and innovative methodological tifiers and access to other data sets.
approaches. At the same time, the analysis of However, realizing this potential can be challeng-
well-established types of structured data such as  ing. While the large number of analyses using all
survey data or administrative data is methodologi-  kinds of approaches to text analysis illustrates the
cally mature and advanced at the same time, and interest of social scientists and beyond to apply in-
continues to provide invaluable insights into social ~ novative approaches in their research, Entity Link-
processes. In consequence, the possibility to com-  ing is — until now — adopted only sporadically. We
bine findings from both textual data and structured  argue that this is, at least in part, due to a lack
data constitutes an important perspective for inno-  of integrated workflows and established best prac-
vative research. tices. Existing approaches do not necessarily pro-
In the field of parliamentary research, these po-  vide guidance for social science applications and
tentials are particularly apparent. Given the ef-  often constitute individual use cases which do not
forts of projects such as ParlaMint (Erjavec et al.,  necessarily generalize well enough or are poorly
2023a) to create interoperable corpora of parlia- maintained. Improving the accessibility of such in-
mentary debates and the large variety of data sets ~ novative methods by approaching them from a per-
which can enrich these collections such as the  spective of social science and the humanities may
Chapel Hill Expert Survey (Bakker etal., 2015),the  thus be an important driver of progress.
Manifesto Project (Budge and Bara, 2001) or other To address this, this contribution introduces the
statistical or administrative data sets, the combina-  dbpedia R package which is currently developed
tion of different types of data opens up novel per- by the authors of this paper. dbpedia consti-
spectives for research questions which previously  tutes a wrapper for the statistical programming lan-
would be impossible or hard to address due to a  guage R (R Core Team, 2023) for the Entity Linking
lack of data and integrated analyses. service DBpedia Spotlight (Mendes et al., 2011;
A central way to link textual data with structured ~ Daiber et al., 2013). In particular, it integrates
data is the method of Entity Linking. Entity Link- the communication with the service into an R-
ing is both an established but also actively re- based analysis workflow which makes Entity Link-
searched area of study in the field of Natural Lan-  ing available for existing text analysis pipelines.
guage Processing and Information Retrieval. In a This contribution proceeds as follows: First, ex-
nutshell, it comprises the disambiguation and as- isting applications of Entity Linking with a focus on
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parliamentary textual data are presented. This is
followed by a discussion of requirements for the
adoption of the approach. In the third section, the
dbpedia R package is presented, using a sample
of the UK corpus of the ParlaMint project (Erjavec
et al., 2023a) as a show case to illustrate input for-
mats and enrichment. This contribution concludes
with a discussion of limitations and necessary next
steps to contribute to the adoption of Entity Linking
in social science research.

2. Related Work

2.1. Entity Linking in Social Science and

Parliamentary Research

There is a number of approaches and services
to facilitate the linking of entities to knowledge
graphs (for a comprehensive overview, see Al-
Moslmi et al., 2020). Prominent proponents of the
approach are DBpedia Spotlight (Mendes et al.,
2011; Daiber et al., 2013) which includes the iden-
tification, disambiguation and linking of entities in
text and targets the DBpedia knowledge graph
(Auer et al., 2007) and Wikidata (Vrandeci¢ and
Krétzsch, 2014) which can be used to link previ-
ously identified entities to the knowledge graph of
the same name.

Focusing on parliamentary debates, Olieman
et al. (2015) evaluate the performance of DBpedia
Spotlight and discuss associated challenges when
deploying such Entity Linking systems in domain-
specific settings. Using DBpedia Spotlight as a
baseline to perform Entity Linking on Dutch parlia-
mentary proceedings, they show that the tool pro-
vides links with a precision of 0.69 and a recall of
0.40 (Olieman et al., 2015; see also Olieman et al.,
2017). The authors show that these measures
vary between targeted entity types and provide fur-
ther suggestions on improving the approach. Sim-
ilarly, van Heusden et al. (2022) compare the En-
tity Linking solutions of DBpedia Spotlight, YAGO
and Wikidata. Using corpora of ParlaMint (Erjavec
etal., 2023a), they show that while feasible, the ap-
proach can be challenging when confronted with
different languages and alphabets as well as with
“real world data” (van Heusden et al., 2022, p. 47).
The performance of the approach varies between
languages and deployed systems, but all in all they
“found that the WikiData [sic!] system performed
the best overall for the local politicians, although
all systems performed relatively well” (van Heus-
den et al., 2022, p. 53).

DBpedia Spotlight is also used by Glaser et al.
(2022) who provide a very illustrative example on
how to use Entity Linking with DBpedia Spotlight to
facilitate a substantive analysis in the realm of de-
bates of the United Nations Security Council. They
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discuss the method and potential limitations, thus
providing some guidance on how to deploy the
approach in general. Using DBpedia Spotlight in-
stead of other Entity Linking solutions was, among
other things, also informed by its relative ease-of-
use and the possibility to run the service locally
(Glaser et al., 2022, pp. 54-55).

For the dbpedia R package, we follow simi-
lar motivations when selecting DBpedia Spotlight
as the service of choice. Aside from the rela-
tively low effort to use the service (as discussed
below), DBpedia Spotlight is also considered be-
cause it can be configured depending on the use
case. The authors of DBpedia Spotlight describe
the service as a “comprehensive and flexible so-
lution” to annotate mentions of entities in a text
with resources from the DBpedia knowledge graph
(Mendes et al., 2011, p. 1). As it performs the
identification of entities and uses the ontology of
the underlying knowledge graph, it is not limited
to pre-annotated entity types or to specific classes
(Mendes et al., 2011, p. 1). The flexibility and ar-
chitecture of DBpedia Spotlight are also discussed
in Olieman et al. (2014, pp. 14-16).

2.2. The Need for a Package

While the projects discussed above provide great
insight into the potential of the approach, a broader
adoption requires that the cost of setup is mini-
mized; workflows must integrate well into those
commonly deployed in the social sciences and hu-
manities. Accordingly, we argue that a software
solution which can provide a robust framework for
analyses, is easy enough to use and which pro-
vides a code base which can be maintained easier
than, for example, a stand-alone script is thus an
essential building block towards this goal.

In this vein, there are software implementations
and wrappers for DBpedia Spotlight which address
a part of the problem. As an interesting example,
spacy-dbpedia-spotlight’ is a library imple-
mented in Python for users who are familiar with
the popular spaCy NLP suite.? It seems to be well
maintained and is comprehensively documented.
However, its main focus is to extend the NLP
pipeline of spaCy which, by itself, is not directly
integrated into common social science workflows.
This is true for many packages which provide the
core functionality to query DBpedia Spotlight but
do not provide easy paths, clear guidelines and
best practices on how to use the approach in sub-
stantive analyses.

Accordingly, the dbpedia R package should be
both robustly developed — providing options with

"https://github.com/MartinoMensio/
spacy-dbpedia-spotlight (2024-02-13).
2https://spacy.io (2024-02-14).


https://github.com/MartinoMensio/spacy-dbpedia-spotlight
https://github.com/MartinoMensio/spacy-dbpedia-spotlight
https://spacy.io

useful default values, telling error messages, etc.
— and flexible enough to be deployed in different
scenarios. By providing an integrated workflow for
different input types, a condensed but configurable
set of commands, and including the possibility to
add the enriched data to the initial input struc-
ture, the package should address some common
issues when adopting the approach and equip re-
searchers of various fields with a tool which en-
ables them to focus on substantive research.

3. The dbpedia R Package

3.1.

Currently only available on GitHub, the installation
of dbpedia is described in some detail in the on-
line documentation.® In principle, it can be run like
any ordinary R package. Without any additional
setup, it only needs a few lines of code to query the
English public endpoint and receive Uniform Re-
source Identifiers (URIs) from the DBpedia knowl-
edge graph for identified entities in a document.
At the time of writing, this endpoint is provided by
the maintainers of DBpedia Spotlight and can be
used for minimal setup. Being a public endpoint,
rate limits might apply and availability might not be
guaranteed.*

Running the following chunk of code will result
in the output similar to that shown in table 1. The
results will include character offsets describing the
start positions of tokens, the entities itself as well
as the identified URI of the entity.

At a Glance

library (dbpedia) # v0.1.2.9004 or higher
annotations <- get_dbpedia_ uris (
x = "The city of Turin is located

at the river Po."

3.2. Advanced Setup

As described above, one of the advantages of
DBpedia Spotlight is the easy local deployment
which improves performance, avoids potential rate
limits and saves resources of the publicly available
endpoint. Accordingly, for our experiments and ex-
amples, we run the service locally in a Docker con-
tainer. This is described by its maintainers in the
corresponding online documentation.® Necessary
computational resources depend on the language

3The package is available on https://github.

com/PolMine/dbpedia (2024-03-30).
4Also see the presentation of the tool here: https:
//www .dbpedia-spotlight.org (2024-02-14).
Shttps://github.com/dbpedia-spotlight/
spotlight-docker (2024-02-13).
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model used, but should, in general, be manage-
able for most modern systems.

3.3. Advanced Scenario

In the example above,
character vector to the service. In this
instance, the get_dbpedia_uris() method
is somewhat limited to a wrapper which sends
and receives HTTP requests and parses results.
This is realized using established R packages
such as httr (Wickham, 2023) and jsonlite
(Ooms, 2014). However usually, challenges
occur in more advanced scenarios. They include
the preparation of different input formats and
the presentation of results in a useful way, for
example by mapping identified entities back to
the input data. In the following, we present the
functionality of dbpedia to adopt Entity Linking in
a plausible social science scenario.

we simply sent a

3.3.1. Input Data

Textual data comes in different shapes and forms.
While sometimes, it is provided as a single con-
tinuous string, other times it is already separated
into individual tokens. Sometimes the data is avail-
able in a tabular representation and other times
it is represented in more complex formats such
as XML or the Corpus Workbench format (Evert
and Hardie, 2011). The dbpedia package is de-
signed to account for this variety of input formats
and provides workflows for different data types
such character vectors, quanteda corpora
(Benoitetal., 2018), Corpus Workbench subcor-
pora and XML.

As discussed before, parliamentary debates are
an attractive subject for Entity Linking. Accord-
ingly, this contribution focuses on an emerging
standard for encoding this type of textual data
and presents the workflow of dbpedia for corpora
represented in the XML schema of the ParlaMint
project (Erjavec et al., 2023a). The corpora of
ParlaMint follow strict encoding guidelines for par-
liamentary data in the XML data format, thus ensur-
ing interoperability and comparability. The corpora
include different levels of structural and linguistic
annotation. Named entities are identified, but not
linked to an external knowledge base.

The interoperable format of ParlaMint also bene-
fits the development of tools such as the dbpedia
R package, as it increases the number of poten-
tial use cases. While DBpedia Spotlight supports
many languages out of the box,® ParlaMint also

®The documentation of the
spacy-dbpedia-spotlight Python library re-
ferred to above provides a useful overview regarding
supported languages.


https://github.com/PolMine/dbpedia
https://github.com/PolMine/dbpedia
https://www.dbpedia-spotlight.org
https://www.dbpedia-spotlight.org
https://github.com/dbpedia-spotlight/spotlight-docker
https://github.com/dbpedia-spotlight/spotlight-docker

start | text dbpedia_uri
5 | city http://dbpedia.org/resource/City
13 | Turin | http://dbpedia.org/resource/Turin
45 | Po http://dbpedia.org/resource/Po_(river)
Note: Entity types annotated by DBpedia Spotlight are omitted for legibility.

Table 1: Entities returned by DBpedia Spotlight

provides a machine-translated English version of
all corpora, further broadening the applicability of
the approach. Realizing a robust Entity Linking
workflow for ParlaMint thus opens up avenues for
a host of corpora in the realm of parliamentary re-
search, facilitating both longitudinal and compar-
ative research by enriching the textual data with
URIs (see also van Heusden et al., 2022).

The data used in this example application is
taken from the linguistically annotated sample
of ParlaMint for Great Britain provided in the
ParlaMint GitHub repository. The chosen single
sample file is based on the corpus prepared by
Matthew Coole as part of the ParlaMint 4.0 re-
lease (Erjavec et al., 2023b).” Since the following
steps only illustrate the Entity Linking process in
general, the specific file has been chosen rather
arbitrarily after it became apparent that the docu-
ment contained substantive speech and, in conse-
quence, entities which could be linked to a knowl-
edge graph.

With ParlaMint being well-formed XML, the data
is first read into R using the xm12 R package (Wick-
ham et al., 2023).

3.3.2. Entity Linking and Parsing

To start the Entity Linking process, the package is
loaded.

library (dbpedia)

When the package is first loaded, setup mes-
sages inform the user about the endpoint of the
service and the chosen language. It will also indi-
cate whether DBpedia Spotlight is running locally
in a Docker container. While the endpoint indi-
cates where the queries are sent to, the language
parameter indicates the chosen language model
and is used to select a list of stop words which are

"The file was downloaded from https:
//github.com/clarin-eric/ParlaMint/blob/
main/Samples/ParlaMint—-GB/ParlaMint—-GB_
2022-07-21-commons.ana.xml on 2024-02-06.
As stated in this example file, the corpus is licensed
under the Creative Commons Attribution 4.0 Inter-
national  License
org/licenses/by/4.0/) and the Open Parliament
Licence v3.0 (https://www.parliament.uk/
site-information/copyright-parliament/
open-parliament-1licence/).

(https://creativecommons.
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excluded from the Entity Linking process. Both the
endpoint and the language parameters are used
as arguments in the main function of the package
presented below.

dbpedia provides the get_dbpedia_uris ()
method which takes care of pre-processing the
data, interaction with DBpedia Spotlight as well as
the parsing of the linking results into a format which
is appropriate for different analysis scenarios. The
method can handle different input formats such as
tokenized XML.

In keeping with the motivation to streamline the
process of Entity Linking when working with textual
data, the set of commands and parameters was
carefully chosen to limit the number of confusing
and potentially overwhelming options. Neverthe-
less, the process should also be transparent and
open for configuration. As such, a number of pa-
rameters can be set. The package, while still in de-
velopment, provides documentation for a number
of basic scenarios. The mostimportant arguments
specific for XML input are the following:

* x: the input XML

* feature_tag: @ character vector con-
taining the name of XML elements which
should be considered for Entity Linking. Can
be used to select pre-annotated named enti-
ties.

segment: a character vector describ-
ing segments into which the document should
be split (e.g. paragraphs), to account for the
maximum length of documents supported by
DBpedia Spotlight.

token_tags: a character vector con-
taining the names of XML tags representing
tokens

Setting these parameters requires some knowl-
edge about the input data. For ParlaMint it seems
reasonable to segment the input using the <seg>
tag provided in the data. Assuming that these
nodes represent paragraphs, this segmentation
should provide sufficient context for the entity link-
ing approach (see also Glaser et al., 2022, p. 55).
This is also related to the max_len parameter
which indicates the maximum length of segments
of text to be sent to the serverin one query. The de-
fault is mainly informed by the maximum length of


https://github.com/clarin-eric/ParlaMint/blob/main/Samples/ParlaMint-GB/ParlaMint-GB_2022-07-21-commons.ana.xml
https://github.com/clarin-eric/ParlaMint/blob/main/Samples/ParlaMint-GB/ParlaMint-GB_2022-07-21-commons.ana.xml
https://github.com/clarin-eric/ParlaMint/blob/main/Samples/ParlaMint-GB/ParlaMint-GB_2022-07-21-commons.ana.xml
https://github.com/clarin-eric/ParlaMint/blob/main/Samples/ParlaMint-GB/ParlaMint-GB_2022-07-21-commons.ana.xml
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.parliament.uk/site-information/copyright-parliament/open-parliament-licence/
https://www.parliament.uk/site-information/copyright-parliament/open-parliament-licence/
https://www.parliament.uk/site-information/copyright-parliament/open-parliament-licence/

characters which can be reliably processed in one
query before DBpedia Spotlight starts to return er-
rors. The feature_tag parameter can be useful
when data is already pre-annotated with named
entities and the envisioned analysis focuses on
specific elements such as persons, organizations
and locations. In this case, dbpedia will limit
the output to entity links which exactly match the
pre-annotated entities. Otherwise, the method will
return a large number of entities of all kinds of
types. The parameters confidence, support
and types are described by Mendes et al. (2011,
pp. 3-4). All arguments are also documented in
the package.

annotations <- get_dbpedia_ uris (
x = xml_doc,
language = getOption ("dbpedia.lang")
feature_tag = NULL,

segment = "seg",
token_tags = c¢("w", "pc"),
text_tag = "text",
max_len = 5600L,

confidence = 0.7,

api = getOption ("dbpedia.endpoint"),
types = character (),

support = 20,

expand_to_token = FALSE,
drop_inexact_annotations = TRUE,
verbose = TRUE

After this call, the method creates a token
stream using the elements (“token_tags”) of each
segment (“seg”) and sends it to the DBpedia
Spotlight service. DBpedia Spotlight identifies to-
ken spans representing entities and assigns types
as well as URIs of entries in the DBpedia knowl-
edge graph to these spans.

3.3.3. Working with the Output

get_dbpedia_uris () returns a tabular repre-
sentation of identified entities and additional infor-
mation such as individual entity types for many en-
tities. Depending on the input format, character
offsets or token IDs describing the position of the
enriched entity are returned as well. Table 1 above
illustrates this for the input of character vectors,
while table 2 shows the output for the ParlaMint
XML format. Table 3 visualizes retrieved entities
for a single segment.

3.3.4. Enrichment with SPARQL

Often, the addition of DBpedia URlIs is not the final
objective of the approach but only an intermediate
step to enrich entities with information available in
external knowledge graphs such as DBpedia itself
or Wikidata. Since the community can directly add

information to the latter, Wikidata can be particu-
larly interesting as a target knowledge graph to en-
rich textual data with additional information via En-
tity Linking (Méller et al., 2022, pp. 936-938).

In line with the aspiration to provide a cohesive
workflow, dbpedia integrates the functionality
to query DBpedia as well as Wikidata using the
SPARQL query language. The respective func-
tions dbpedia_get_wikidata_uris() and
wikidata_query () facilitate this enrichment.
Both functions work as wrappers included to
alleviate some of the burden to construct valid
SPARQL queries for specific endpoints of the
knowledge graphs. In a nutshell, both functions
take URIs as an input, prepare a SPARQL query
using a template and send it to the respective
SPARQL endpoints. The main functionality of
dbpedia_get_wikidata_uris () is the re-
trieval of Wikidata IDs based on the owl : sameAs
property provided by the knowledge graph. If
desired, additional information — e.g. the ISO code
of countries — could be retrieved. In this example,
we focus only on the retrieval of Wikidata IDs.
Note that rate limits and other limitations apply for
the public endpoint.?

endpnt <- "https://dbpedia.org/sparqgl/"
wd_uris <- dbpedia_get_wikidata_ uris(
annotations|[["dbpedia_uri"l]],
endpoint = endpnt,
wait = 5,
chunksize = 100,
progress = TRUE

The returned values suggest that mapping
DBpedia URIs to Wikidata IDs is not without
challenges. owl:sameAs often contains multi-
ple Wikidata IDs for a single DBpedia URI. For
example, for the entity “United_Kingdom”, three
Wikidata IDs are returned by DBpedia which de-
scribe the “United Kingdom” as a “country in north-
west Europe” (Q145), the “United Kingdom of
Great Britain and Ireland” as a “historical sovereign
state (1801-1922)” (Q174193) and “Great Britain”
as an “island in the North Atlantic Ocean off the
northwest coast of continental Europe” (Q23666).°

This observation is already described by Glaser
et al. (2022, p. 55). To address this, Glaser
et al. (2022) compare the labels of both knowledge
graphs to identify the correct Wikidata ID for each
item. van Heusden et al. (2022, p. 49) suggest
an approach to identify missing Wikidata IDs by
retrieving the Wikipedia page the DBpedia item is
based on. This allows them to gather the Wikidata

8See the documentation here https://www.
dbpedia.org/resources/sparqgl/ (2024-02-26).

®Cited passages refer to the entity labels of the three
items on Wikidata as of 2024-02-16.
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https://www.dbpedia.org/resources/sparql/
https://www.dbpedia.org/resources/sparql/

original_id dbpedia_uri text
ParlaMint-GB_2022-07-21- | http://dbpedia.org/resource/Free_trade free trade
commons.seg5.2.10

ParlaMint-GB_2022-07-21-

commons.seg5.2.11

ParlaMint-GB_2022-07-21- | http://dbpedia.org/resource/India India
commons.seg5.2.14

ParlaMint-GB_2022-07-21- | http://dbpedia.org/resource/Glasgow Glasgow
commons.seg870.1.10

ParlaMint-GB_2022-07-21- | http://dbpedia.org/resource/Scotland Scotland

commons.seg870.1.13

ParlaMint-GB_2022-07-21-
commons.seg870.1.17
ParlaMint-GB_2022-07-21-
commons.seg870.1.18

http://dbpedia.org/resource/United_Kingdom

United Kingdom

ParlaMint-GB_2022-07-21-
commons.seg870.5.15

http://dbpedia.org/resource/Christmas

Christmas

Note:

Two illustrative segments of the sample document. Removed columns ’segment_id’ and 'types’ for

improved legibility. Additional line breaks for Token IDs in column ’original_id".

Table 2: Entities returned by DBpedia Spotlight - Tabular Overview

segment_id text

entities

ParlaMint-
GB_2022-07-21-
commons.segs

1. What progress her Department
has made on securing a free
trade agreement with India.

free trade
(http://dbpedia.org/resource/Free_trade)
| India (http://dbpedia.org/resource/India)

Table 3: Entities returned by DBpedia Spotlight - In Segments

ID indirectly. Following this approach could make
it possible to identify a suitable ID if more than
one Wikidata ID is provided for an entity in the
DBpedia knowledge graph. In this case, instead
of using the owl : sameAs property, the Wikipedia
page would be queried and mapped to its corre-
sponding Wikidata ID.

The ontology of Wikidata could also be used to
distinguish different entities. Using the example
above, the different versions of “United Kingdom”
could be queried on Wikidata to retrieve the in-
stances they are a part of (property P31) such as
“sovereign state” (Q3624078), “island” (Q23442)
or “historical country” (Q3024240). dbpedia
includes the functionality for this to make this
step easier via the wikidata_gquery () function
which uses the WikidataQueryServiceR R
package (Popov, 2020) and queries the Wikidata
Query Service SPARQL endpoint.’® As above,
rate limits apply.

o

wd_ids <— e ("Q145", "Q174193", "Q23666")

wd_props <— wd_ids |>
wikidata_query (
id = "p31",

progress

TRUE)

However, when using Wikidata in this way, the

10https://www.wikidata.org/wiki/
Wikidata:SPARQL_query_service (2024-02-21).
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assignment relies on the specific configuration of
the knowledge graph. For instance, while this
would allow to select only items which describe
“sovereign states”, both item Q145 (which we likely
would keep as the appropriate Wikidata ID) and
item Q174193 (the “historical sovereign state”) are
instances of this class in the knowledge graph. For
the latter item, the instance of “sovereign state” is
not returned by the SPARQL query above because
in this specific query the returned value is limited
to the highest ranked value in the statement. "

In consequence, while the integration of query-
ing additional knowledge graphs seems useful for
the scope and purpose of the package, there are
limits to its current implementation. Addressing
more complex applications is still to be tested. Ulti-
mately, what dbpedia_get_wikidata_uris ()
and wikidata_query () facilitate are basic
queries and the enrichment of DBpedia URIs with
plausible Wikidata IDs and some additional data.
More complex scenarios which also require some
knowledge about the underlying knowledge graph
and its ontology and structure can still be ad-
dressed with SPARQL queries regardless of the
features of this package, however.

"This is described in the documentation of Wikidata:
https://www.wikidata.org/wiki/Help:
Ranking (2024-02-16).


https://www.wikidata.org/wiki/Wikidata:SPARQL_query_service
https://www.wikidata.org/wiki/Wikidata:SPARQL_query_service
https://www.wikidata.org/wiki/Help:Ranking
https://www.wikidata.org/wiki/Help:Ranking

3.3.5. Enrichment of XML

A crucial feature of dbpedia is the possibility to
map identified entities back to the tokens in the in-
put data. After the DBpedia URIs, Wikidata IDs
and additional properties are retrieved, the func-
tion xml_enrich () takes care of this. It ex-
tracts entities from the annotation table and maps
them onto the input data via their relative IDs.
For ParlaMint this technically comprises of either
adding parent nodes to tokens which are identified
as entities by DBpedia Spotlight or enriching ex-
isting entity annotations with additional attributes
describing the type and URI of the entity. Regard-
ing the enrichment of existing entity annotations, it
has to be noted that the alignment of pre-existing
and newly added entity spans can be challenging
and is under development in the current version
of the dbpedia R package. As discussed above,
DBpedia Spotlight returns types for many entities.
These often include references to types in a num-
ber of different knowledge graphs and ontologies.
Since the encoding guidelines of ParlaMint limit
possible values for the “type” attribute, types re-
turned by DBpedia Spotlight can be mapped onto
this allowed set of values to adhere to specific
guidelines or applications.'?

Aside from the annotation table created
by the get_dbpedia_uris () method, the argu-
ments of the function account for the name of
nodes which potentially contain entities, a name
for the entity nodes to be added or enriched as
well as the names of columns in the annotation ta-
ble which should be added as XML attributes. For
a visualization of these modifications, please see
the listings in the appendix (A and B) which repre-
sent a single sentence of the document.

xml_enrich (

xml xml_doc,
annotation_dt
entity_name
token_tags = c("w",
feature_tag =
ref =
type

annotations,

"name",
Hpcu) ,
"name",
"dbpedia_uri"

"category"

4. Limitations and Next Steps

The R package dbpedia provides an intuitive and
cohesive workflow to perform Entity Linking using
the DBpedia Spotlight Entity Linking tool with a va-
riety of input formats. In its current state there are
some limitations concerning Entity Linking in social

2According to https://clarin-eric.github.

io/ParlaMint/#sec-ner allowed types in ParlaMint
are PER (person), LOC (location), ORG (organization)
and MISC (miscellaneous) (2024-03-31).
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science research as a whole and the design princi-
ples and applicability of the R package dbpedia
in particular.

Regarding Entity Linking with DBpedia Spotlight,
we currently lack benchmarks on the actual per-
formance of DBpedia Spotlight when applied to
parliamentary research and beyond. While bench-
marks provided by the developers of DBpedia
Spotlight (Daiber et al., 2013) and others indicate
the usefulness of the approach, given the speci-
ficities of research scenarios in social science re-
search, further steps of quality control should be
taken. This is of particular relevance as the im-
portance of the specific domain of textual data
for approaches and corresponding benchmarks
for Entity Linking is subject of some discussion
and challenges (van Erp et al., 2016, pp. 4377-
4378). As discussed above, the study by Olieman
et al. (2015) presents some crucial insights into
the performance of DBpedia Spotlight concerning
Dutch parliamentary proceedings and van Heus-
den et al. (2022) provide some valuable perspec-
tives on the general performance of different ap-
proaches for parliamentary debates across differ-
ent languages. However, further evaluation would
be crucial for substantive research. When does
the approach work and when does it fail? Which
accuracy can be expected? How does this affect
substantive downstream tasks? In comparative
parliamentary research, for example, the applica-
bility of the approach might not only depend on
the language or genre of a text but also on other
aspects such as time. If the reliability of results
varies over time, substantive results might depend
on whether the performance of Entity Linking is
worse on older documents than on more recent
ones or vice versa.

Focusing on making the approach easier to use
as a necessary starting point, this contribution
does not yet add to these perspectives on the per-
formance of DBpedia Spotlight. However, despite
potential challenges when evaluating Entity Link-
ing systems and creating reliable gold standard
annotation (Olieman et al., 2017), given its rele-
vance for the applicability of the approach in the
envisioned scenarios and its broader adoption, the
estimation of its performance as well as accompa-
nying guidelines and advice on how to best facili-
tate reliable research is a crucial next step.

DBpedia Spotlight was purposefully chosen as
the backbone of the package. Given its relatively
easy deployment in particular, the implementation
of Entity Linking with this tool provides a great
baseline to address questions of usefulness, ac-
cessibility and the actual usage of the approach in
social science research. This also means that the
current approach relies on the DBpedia knowledge
graph. However, considering the recent promi-


https://clarin-eric.github.io/ParlaMint/#sec-ner
https://clarin-eric.github.io/ParlaMint/#sec-ner

nence of Wikidata which could also be used as a
direct target for Entity Linking (Méller et al., 2022)
and the challenges of mapping DBpedia URIs to
Wikidata, finding better solutions to access other
knowledge graphs is worth pursuing.

5. Conclusion

dbpedia aims to make innovations in Natural Lan-
guage Processing and Information Retrieval ac-
cessible in the social science community in order
to facilitate the combination of unstructured data
such as textual data and data such as survey data
and administrative data. This contribution illus-
trated the possibilities of an integrated workflow
for parliamentary debates in the form of corpora
in the ParlaMint encoding schema. The package
allows to create immediate representations of ex-
tracted and disambiguated entities, but also facili-
tates the addition of the enriched data to the initial
corpora. This, in turn, makes it possible to use
this additional information — for example statisti-
cal data added via extracted URIs — in workflows
scholars working with corpora are already familiar
with, for example by creating relevant subsets of
documents or deploying common methods of cor-
pus analysis.

Since it is work-in-progress, the functionality of
the package is subject to future changes. The cur-
rent focus of dbpedia is on the development of a
slim set of functions and commands which apply
in different scenarios.

As indicated in the previous section, there are
some obvious next steps: We neither discussed
the substantive performance of the approach, nor
is DBpedia Spotlight the only Entity Linking solu-
tion worth considering. While the local deployment
and performance are advantages, there are more
recent developments which should be evaluated.
For future research, this might entail complement-
ing dbpedia with other components which build
on the functionality and API of the presented pack-
age and facilitate the integration of different ap-
proaches. In consequence, a modular design of
tools and workflows might be needed which can
handle different but standardized input formats
such as the ParlaMint corpora and beyond.
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Appendices

A. ParlaMint Example XML output before Entity Linking

<s xml:id="ParlaMint-GB_2022-07-21-commons.seg5.2” >

<w lemma="what” msd="UPosTag=DET|PronType=Int” pos="WD
ParlaMint-GB_2022-07-21-commons.seg5.2.1” > What</w>

<w lemma="progress” msd="UPosTag=NOUN|Number=Sing” pos="NN" xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.2” > progress </w>

<w lemma="she” msd="UPosTag=DET|Gender=Fem|Number=Sing | Person=3|Poss=Yes|
PronType=Prs” pos="PRP$” xml:id="ParlaMint-GB_2022-07-21-commons. seg5
.2.3”7 > her </w>

<w lemma="Department” msd="UPosTag=PROPN|Number=Sing” pos="NNP” xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.4” > Department </w>

<w lemma="have” msd="UPosTag=VERB|Mood=Ind | Number=Sing | Person=3|Tense=
Pres|VerbForm=Fin” pos="VBZ” xml:id="ParlaMint-GB_2022-07-21-commons.
seg5.2.5”" > has</w>

<w lemma="make” msd="UPosTag=VERB|Tense=Past|VerbForm=Part” pos="VBN” xml
;id="ParlaMint -GB_2022-07-21-commons.seg5.2.6” > made</w>

<w lemma="on" msd="UPosTag=ADP” pos="IN" xml:id="ParlaMint-GB_2022-07-21-
commons.seg5.2.7” >on</w>

<w lemma="secure” msd="UPosTag=VERB|VerbForm=Ger” pos="VBG” xml:id="
ParlaMint-GB_2022-07-21-commons.seg5.2.8” > securing </w>

<w lemma="a” msd="UPosTag=DET| Definite=Ind|PronType=Art” pos="DT” xml:id
="ParlaMint -GB_2022-07-21-commons.seg5.2.9” >a</w>

<w lemma="free” msd="UPosTag=ADJ|Degree=Pos” pos="JJ” xml:id="ParlaMint-
GB_2022-07-21-commons.seg5.2.10" > free </w>

<w lemma="trade” msd="UPosTag=NOUN|Number=Sing” pos="NN" xml:id="
ParlaMint-GB_2022-07-21-commons.seg5.2.11” > trade </w>

<w lemma="agreement” msd="UPosTag=NOUN|Number=Sing” pos="NN" xml:id=
ParlaMint -GB_2022-07-21-commons.seg5.2.12” > agreement </w>

<w lemma="with” msd="UPosTag=ADP” pos="IN" xml:id="ParlaMint-GB_2022
-07-21-commons.seg5.2.13” > with </w>

<w join="right” lemma="India” msd="UPosTag=PROPN|Number=Sing” pos="NNP”
xml:id="ParlaMint-GB_2022-07-21-commons.seg5.2.14” > India </w>

<pc msd="UPosTag=PUNCT” pos="." xml:id="ParlaMint-GB_2022-07-21-commons.
seg5.2.15”>.</pc>

</s>

xml:id="

»

Listing 1: XML before Entity Linking

Note: A single sentence based on sample data for the ParlaMint 4.0 corpora (Erjavec et al., 2023b).
Removed syntactic information for better legibility. See footnote 7 regarding the source of the data.
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B. ParlaMint Example XML output after Entity Linking

<s xml:id="ParlaMint-GB_2022-07-21-commons.seg5.2" >
<w lemma="what” msd="UPosTag=DET|PronType=Int” pos="WDT” xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.1” > What</w>
<w lemma="progress” msd="UPosTag=NOUN|Number=Sing” pos="NN" xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.2” > progress </w>
<w lemma="she” msd="UPosTag=DET|Gender=Fem|Number=Sing | Person=3|Poss=Yes|
PronType=Prs” pos="PRP$” xml:id="ParlaMint-GB_2022-07-21-commons. seg5
.2.3”7 > her </w>
<w lemma="Department” msd="UPosTag=PROPN|Number=Sing” pos="NNP” xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.4” > Department </w>
<w lemma="have” msd="UPosTag=VERB|Mood=Ind | Number=Sing | Person=3|Tense=
Pres|VerbForm=Fin” pos="VBZ” xml:id="ParlaMint-GB_2022-07-21-commons.
seg5.2.5” > has </w>
<w lemma="make” msd="UPosTag=VERB|Tense=Past|VerbForm=Part” pos="VBN” xml
;id="ParlaMint-GB_2022-07-21-commons.seg5.2.6" > made</w>
<w lemma="on" msd="UPosTag=ADP” pos="IN" xml:id="ParlaMint-GB_2022-07-21-
commons.seg5.2.7” >on</w>
<w lemma="secure” msd="UPosTag=VERB|VerbForm=Ger” pos="VBG” xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.8” > securing </w>
<w lemma="a” msd="UPosTag=DET| Definite=Ind|PronType=Art” pos="DT” xml:id
="ParlaMint-GB_2022-07-21-commons.seg5.2.9” >a</w>
<name type="MISC” ref="http ://dbpedia.org/resource/Free_trade”>
<w lemma="free” msd="UPosTag=ADJ|Degree=Pos” pos="JJ” xml:id="ParlaMint
-GB_2022-07-21-commons.seg5.2.10" > free </w>
<w lemma="trade” msd="UPosTag=NOUN|Number=Sing” pos="NN" xml:id="
ParlaMint -GB_2022-07-21-commons.seg5.2.11” > trade </w>
</name>
<w lemma="agreement” msd="UPosTag=NOUN|Number=Sing” pos="NN" xml:id="
ParlaMint-GB_2022-07-21-commons.seg5.2.12” > agreement </w>
<w lemma="with” msd="UPosTag=ADP” pos="IN" xml:id="ParlaMint-GB_2022
-07-21-commons.seg5.2.13” > with </w>
<name type="LOC” ref="http ://dbpedia.org/resource/India”>
<w join="right” lemma="India” msd="UPosTag=PROPN|Number=Sing” pos="NNP”
xml:id="ParlaMint-GB_2022-07-21-commons.seg5.2.14” > India </w>
</name>
<pc msd="UPosTag=PUNCT” pos="." xml:id="ParlaMint-GB_2022-07-21-commons.
seg5.2.157>.</pc>
</s>

Listing 2: XML after Entity Linking

Note: A single sentence based on sample data for the ParlaMint 4.0 corpora (Erjavec et al., 2023b).
Removed syntactic information for better legibility. See footnote 7 regarding the source of the data.
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