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Abstract

This paper describes key aspects of ProVe – a
Wikidata gadget and accompanying Web API for
automatic verification of references of Wikidata
items. ProVe can be integrated into the regu-
lar Wikidata editing workflow to help identify
statements about items whose references need
attention. ProVe automatically verbalises item
statements to assess the support of the statement
by an external document and provide an indica-
tive score of the item’s quality of references.

Keywords: reference verification, fact verification,
knowledge graphs, Wikidata tools

Introduction

A Knowledge Graph (KG) is a large network of inter-
connected entities, encoding their properties and rela-
tionships to one another (Krötzsch and Weikum, 2016;
Paulheim, 2016). KGs serve as sources of machine-
readable and semantically structured data used by several
web applications, including Wikipedia infoboxes, search
engines, voice-activated assistants, among others (Maly-
shev et al., 2018; Ji et al., 2022). The information in most
KGs is stored as a set of statements – semantic triples of
the form ⟨subject, predicate, object⟩, denoting a property
of the subject of the triple (Färber et al., 2018). Ensur-
ing KGs are trustworthy depends on well-documented and
verifiable provenance to the information they encode (Za-
veri et al., 2016), e.g. references. For example, if we have
the statement ⟨beer, has characteristic, bitterness⟩, then
we expect it to be supported by a reference that states that
indeed beer has the characteristic of being bitter.

Mechanisms that help to evaluate and ensure the quality
of information provenance are thus crucial to the verifi-
ability of KGs (Zaveri et al., 2016; Piscopo et al., 2017;
Xiangyu et al., 2021). However, such processes are
currently mostly performed manually (McAndrew and
Strathmann, 2021) and do not scale with size. On vital
KGs such as Wikidata and DBpedia, manual reference
verification is prohibitive due to their sheer size (Piscopo
et al., 2017) – Wikidata has currently over 1.65 billion
statements.

ProVe (Provenance Verification) uses research find-
ings that have been designed and evaluated by the Wiki-
data community, responding to their data assurance
needs (Amaral et al., 2022; Amaral et al., 2023). It
consists of a “gadget” and Wikidata API built upon state-
of-the-art NLP models, public datasets on data verbalisa-
tion and fact verification, and rule-based methods. Given
a statement about an item and reference URL, ProVe
verbalises the statement, automatically retrieves the ref-
erenced document, and then selects the passages in the
document that are most relevant to the statement. ProVe
then evaluates the overall stance of the referenced docu-
ment for the statement, assessing whether it is supported
by the reference. This is then aggregated to provide an
overall quality score for the item.

In this paper, we give an overall description of ProVe’s
functionality and how it is being made available to the
wider community. We present some important technical
details about the reference evaluation process, concluding
with a discussion of limitations and plans for future work.

Overview
ProVe is currently hosted at King’s College London. It
consists of five main components: the main server pro-
cessing user requests; some ML models used for natural
language tasks; a gadget that summarises the assessment
of individual Wikidata item statements; a Web API which
can be used in client applications; and the main database
storing results of statement evaluations. Figure 1 gives
an overview of these components.

ProVe’s Gadget
Most users can easily interact with ProVe via its gadget,
installed according to the instructions found on https:
//www.wikidata.org/wiki/Wikidata:ProVe. The
gadget works at the level of a Wikidata item, system-
atically checking every statement about the item that
is accompanied by an external reference. For each
such statement-reference pair, ProVe displays its support
stance and the passage found in the external reference as
justification for its evaluation. The individual statement
assessments are then combined to give an overall quality
indicator between −1 and 1 and displayed in the item’s
Wikidata page (see Technical Details and Figure 1).
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Web API
The gadget is intended for simple, item-oriented infor-
mation about the quality of external references. For pro-
grammatic applications that need information about mul-
tiple items, ProVe provides a Web API. Through the API,
applications can check whether the references of specific
items have been previously evaluated, request for items
to be (re-)checked, submit requests for item evaluation,
and obtain historical verification results.

Technical Details of Statement Evaluation
The general workflow of ProVe’s reference verification
process is depicted in Figure 2.

As we mentioned, a Wikidata statement is recorded
as a triple ⟨subject, predicate, object⟩. Given a Wikidata
statement 𝑡 and a document 𝑟 used as reference for 𝑡,
ProVe first verbalises 𝑡 using a pre-trained transformer1

to generate a sentence 𝑣(𝑡) conveying the claim encoded
by 𝑡. It then retrieves the document 𝑟 and segments it
into a set of passages (chunks of texts) 𝑃, using spaCy’s
sentence segmenter and the en core web lb model (Hon-
nibal et al., 2020). Relevance scores 𝜌𝑖 for each passage
are computed next, using a pre-trained BERT transformer
fine-tuned on the FEVER dataset (Thorne et al., ), and
the five passages {𝑝1, . . . , 𝑝5} that are most contextually
relevant to 𝑣(𝑡) (independently of their stance) are se-
lected. ProVe will then evaluate text entailment for each
such sentence-passage pair (𝑣(𝑡), 𝑝𝑖) using a pre-trained
BERT model fine-tuned on FEVER for RTE. This ulti-
mately gives each statement 𝑡 and reference 𝑟 a stance
label 𝑧 = 𝑆(𝑡, 𝑟) ∈ {−1, 0, 1}, where −1 indicates that 𝑟
refutes 𝑡; 1 indicates that 𝑟 supports 𝑡; and 0 indicates
that the support of 𝑡 by 𝑟 is inconclusive.2 For complete-
ness, we define 𝑆(𝑡, 𝑟) = 0, for any irretrievable reference
𝑟, since 𝑟’s support stance for 𝑡 cannot be determined
by ProVe in these cases. A summary with the inferred
stances of the pairs 𝑆(𝑡, 𝑟) for every external reference 𝑟 is
displayed in a table by ProVe’s gadget, alongside the most
relevant sentence for 𝑡 found in 𝑟 , and links to the state-
ments for edition. This facilitates the edition process and
gives further context to the editor about the evaluation.

ProVe Score To give an indication of how well-
supported (or refuted) an item 𝑖 is by its external ref-
erences, the support stances of all of its statements are
aggregated. Let𝑇 (𝑖) be the set of all statements for which
𝑖 is the subject, and 𝐸𝑅(𝑡) be the set all external refer-
ences for the statement 𝑡. The ProVe score for 𝑖 is defined
as 𝑃𝑆(𝑖) = ∑

𝑡∈𝑇 (𝑖)
∑

𝑟∈𝐸𝑅 (𝑡 ) {𝑆 (𝑡 ,𝑟 ) }/|∪𝑡∈𝑇 (𝑖)𝐸𝑅 (𝑡 ) |. It is easy

1A T5-base model (Raffel et al., 2020) fine-tuned on the
WebNLG 2017 dataset (Gardent et al., 2017).

2This is a slight simplification. More information comes out
of the entailment verification and potentially different aggrega-
tion techniques can be used.

to see that 𝑃𝑆(𝑖) is a value in [−1, 1] with the follow-
ing intended meaning. Positive values indicate that the
number of supporting references surpasses the number of
refuting references; negative values indicate the opposite;
with the proportion of references which are inconclusive
or cannot be retrieved, bringing the score closer to 0.
Hence, proximity to 1 is associated with good quality
of the references of an item, proximity to 0 is associ-
ated with references of a mixed nature, and proximity to
−1 indicates high levels of disparity between claims and
references.

The ProVe score is shown to editors in the gadget when
the Wikidata page for the item is loaded (see Figure 1,
bottom right). Computation or re-computation of scores
can be requested by pressing appropriate buttons. Re-
calculation can be useful to track progress in the im-
provement of the references for items under revision.

Limitations
ProVe can take any non-ontological KG triple as long
as its components are accompanied by labels in English.
This requirement is because the NLP modules so far have
only been trained for English. Future extensions to other
languages are under consideration. In addition, ProVe
works on external references only (arguably harder to
verify). Visual elements, such as images and charts,
can serve as evidence for KG statements. However, the
automated extraction of text from such evidence in a for-
mat that language models can understand is not trivial
and ProVe cannot yet deal with these types of reference.
Finally, ProVe employs a combination of techniques, in-
cluding pre-trained sentence segmenters, to extract pas-
sages from various forms of structured text, e.g., in tables,
but this is not always effective.

Community Involvement
We welcome suggestions of the community for im-
provements to ProVe and development of extra func-
tionality. Users can register interest by adding
their names to https://www.wikidata.org/wiki/
Wikidata:ProVe.

Discussion and Future Work
ProVe is limited to the verification of statements pre-
sented as triples, not being directly applicable to full sen-
tences, and hence cannot be used in applications such as
Wikipedia. However, it is technically possible to skip the
verbalisation and continue the evaluation from there. For
this to be effective, we need a mechanism to properly ex-
tract from the input text the sentence to verify, and ensure
the NLP models employed in the relevance and entail-
ment tasks are suitable for the domain of the application.
This is left as a potential future improvement.
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Figure 2: Overview of ProVe’s reference verification process.
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