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Abstract. Over the last decade GLAM (Galleries, Libraries, Archives and Museums) organizations have been exploring new
ways to make their content available using the Semantic Web and Linked Open Data (LOD). The growing number of GLAM
institutions converting their collections to LOD, coupled with the increasing demand for high-quality data, has made the assess-
ment of LOD quality a critical concern. In addition, there has been a significant increase in the global interest among researchers
in reproducible research, a cornerstone of Open Science, requiring code to generate the experimental results. This study aims
to present a reproducible framework to assess LOD quality within the GLAM sector. Based on the literature, a number of data
quality criteria were established including 4 dimensions and 32 criteria. Subsequently, six LOD datasets were assessed according
to these criteria. The assessments revealed that the LOD datasets performed well on accessibility, while they did not yield satis-
factory results for other criteria, such as contextual information. These results can serve as a benchmark for other LOD datasets.
Additionally, the study provides a detailed analysis that could be beneficial for other organizations and researchers interested in
making their digital collections accessible and reusable as LOD. The study concludes by identifying further research based on
the implementation in real practice for data spaces, the Cultural Heritage Cloud (ECCCH) and FAIR advancement in GLAMs.
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1. Introduction

GLAM (Galleries, Libraries, Archives, and Museums) institutions host rich collections including a digitized va-
riety of analogue materials resulting in texts, images, audio, video or 3D objects supplied with metadata. While
digitization of these collections has significantly enhanced their accessibility, GLAM institutions are continually
exploring new technological avenues to enrich, publish, and facilitate the reuse of their collections. New initiatives
have recently emerged in order to publish digital collections suitable for computational use, enabling the applica-
tion of Artificial Intelligence and Machine Learning techniques [38, 43]. In parallel, during the last decade, there
has been a significant increase in the global interest among researchers in reproducible research, a cornerstone of
Open Science [3]. Reproducible research results such as code are crucial for the community to generate the ex-
perimental results [26]. In this sense, Jupyter notebooks have emerged as a popular tool in the GLAM context for
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data exploration and analysis in the cloud, providing a combination of scripts and documentation, and an interactive
interface [9].

The Semantic Web and Linked Open Data (LOD) was introduced as an extension of the traditional web to provide
machine-readable content based on standards such as the Resource Description Framework (RDF) [5, 63]. Numer-
ous institutions have utilized these standards to publish and enrich their catalogs in the form of LOD, employing
interoperable and standardized vocabularies and external datasets. In this context, collaborative-edition approaches,
such as Wikidata, have played a leading role in the enrichment of datasets by defining particular properties per
institution to link resources to, such as geographic locations, subjects, authors and works [14]. Examples of LOD
datasets can be found in various archives, libraries, and museums [22, 55].

Data quality is crucial in order to reuse the content to its full potential [56]. Previous research has identified issues
concerning data quality across several domains, such as Natural Language Processing and Semantic Web [6, 59].
In this sense, several approaches have focused on the assessment of the data quality of the content provided by the
digital collections, providing data quality criteria covering several aspects, such as understandability, accuracy or
timeliness, with which to assess the data [11, 27]. However, despite all these efforts to assess data quality in LOD
datasets, none of the previous work provides a reproducible approach including scripts, therefore enabling users to
replicate the results.

The purpose of this work is to provide a reproducible framework to assess the quality of LOD in GLAM insti-
tutions. To achieve this goal, data quality criteria were first established based on the literature. Subsequently, the
quality of selected LOD datasets was evaluated according to these criteria. The intended audience of this work is li-
brary managers, digital curators and Digital Humanities researchers interested in curating, exploring and reusing the
LOD provided by GLAM institutions for research projects. In terms of recent work, this research: 1) builds capacity
of academic librarians in understanding data quality issues and assessment [37]; promotes the publication of high-
quality data required for new data infrastructures such as the common European data space for cultural heritage';
and assists in understanding how data quality issues such as inconsistency and lack of provenance documentation
hinders integration and searching accross datasets as well as diminish research value [2, 56].

The main contributions of this work are: i) a reproducible framework for LOD quality assessment in GLAM; and
ii) the provision of reproducible scripts and examples in the form of Jupyter Notebooks. These contributions are
intended to foster the reproducibility in research, leverage the use of LOD in GLAM institutions and to encourage
Digital Humanities researchers to reuse the LOD datasets for their research projects. It is important to notice that
there are plenty of LOD developments but a relatively modest exploration of the quality aspects which allow up-
scaling the use of resources in the context of data spaces [25], Cultural Heritage Cloud (ECCCH),? which are also
vital for FAIR [60] advancement in GLAM.

The paper is structured as follows: following a brief overview of the current state of LOD in the GLAM domain
and approaches to data quality, we introduce the framework employed for assessing LOD datasets and subsequently
detail our findings. Finally, the paper concludes with a summary of the adopted framework and outlines potential
avenues for future research.

2. Related work

This section introduces a diverse list of institutions that have made their digital collections available as LOD. It
also provides a literature review on the methods and techniques used to assess and document data quality in the
context of LOD, as well as emerging initiatives to support reproducible research.

2.1. Publishing data as LOD

Publishing data as LOD enhances data accessibility by making it interconnected, reusable, and machine-readable.
In today’s globalized world, the importance of LOD is increasing, resulting in a rise in the publication of LOD.

Thttps://www.dataspace-culturalheritage.eu/en
2https://www.echoes-eccch.eu/
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Many institutions from different domains such as government, agriculture, cultural heritage and environment have
explored the benefits of the application of the Semantic Web to their datasets [48]. These institutions have explored
the use of the Semantic Web to publish content in the form of RDF datasets.

In line with the FAIR principles [60], LOD is particularly essential for GLAM because it enhances the discov-
erability, interoperability, and reusability of their digital collections [60]. LOD supports computational research on
collections, enabling deeper understanding and the discovery of new insights. In this regard, GLAM initiatives have
promoted the reuse of their digital collections employing the Semantic Web as a basis, in libraries, museums and
archives [11, 18, 22, 31, 35, 54]. Initiatives like Europeana and LUX: Yale Collections Discovery,’ aggregate con-
tent from several cultural heritage datasets, displaying it through web interfaces or making it available via APIs. The
Golden Agents project* is another notable example of LOD initiative focused on the Dutch Golden Age. In these
initiatives, resources from different Cultural Heritage datasets or external datasets are brought together. The use of
external datasets to enrich information is increasingly prevalent in GLAM [14]. For instance, Wikidata, a collab-
oratively edited cross-domain dataset, has gained significant popularity in the GLAM sector. Additional examples
include geographical databases such as GeoNames® or authority files such as Virtual International Authority File
(VIAF).

In this context, data modeling plays a vital role in ensuring the quality and interoperability of LOD. Best practices
recommend reusing vocabularies, preferably standardized ones, in order to increase interoperability, reduce redun-
dancies and encourage reuse of the data [62, 64]. Table 1 shows an overview of LOD datasets made available to the
public by organizations obtained as part of a comprehensive collection of scholarly articles retrieved from three ma-
jor academic databases: Scopus, Web of Science and ACM Digital Library. The search was conducted in September
2024 using strings such as Semantic Web, Linked Open Data, digital library, GLAM and Cultural Heritage. The
screening of the datasets was conducted manually by the authors, removing all the work not focused on the CH and
GLAM sectors. The ontologies most used to describe the metadata are Bibliographic Framework (BIBFRAME) and
CIDOC Conceptual Reference Model (CIDOC-CRM) [4, 17], with 5 and 4 selected datasets respectively.

Table 1
Overview of LOD datasets published by organizations.

Institution Vocabulary URL

Austrian National Library EDM, BIBFRAME, RDA https://labs.onb.ac.at/en/dataset/lod
Biblioteca Nacional del Congreso Nacional de Chile Dublin Core https://datos.ben.cl/es/endpoint-sparql/
Biblioteca Virtual Miguel de Cervantes RDA https://data.cervantesvirtual.com
Bibliothéque Nationale de France FRBR https://data.bnf.fr

Database of Chinese Rare Books BIBFRAME https://data.ascdc.tw/en/sparql.php
Europeana EDM https://pro.europeana.eu/page/sparql
German National Library BIBFRAME https://www.dnb.de/EN/lds

Getty Research Institute CIDOC-CRM https://data.getty.edu/provenance
LetterSampo Correspondence CIDOC-CRM http://1df.fi/corresp/spargl

Library of Congress BIBFRAME https://id.loc.gov

Linked Open Data at SAAM CIDOC-CRM http://edan.si.edu/saam/sparql

National Digital Data Archive of Hungary DC, FOAF, schema.org, DBpedia https://lod.sztaki.hu/spargl

National Library of Finland schema.org, BIBFRAME https://data.nationallibrary.fi

National Library of the Netherlands schema.org, LRM https://data.bibliotheken.nl

National Library of Sweden KB Base Vocabulary https://libris.kb.se/sparql

Rijksmuseum EDM, SKOS https://data.rijksmuseum.nl/controlled- vocabularies
The Nobel Prize nobel, FOAF https://data.nobelprize.org/spargl

World War I as LOD CIDOC-CRM, ww1lod https://www.1df.fi/dataset/ww 11od

Zeri Photo Archive CIDOC-CRM http://data.fondazionezeri.unibo.it/sparql

3https://lux.collections.yale.edu
“https://www.goldenagents.org/
Shttps://www.geonames.org
Shttps://viaf.org
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2.2. Assessing data quality in LOD

Best practices and guidelines to publish data are provided in several initiatives such as FAIR [60] and Collections
as data [12, 43]. Previous work based on digital libraries, in particular DELOS DLRM (Digital Library Reference
Model), identified quality as one of the 6 core concepts [16]. While this work was applicable to digital libraries
and not focused on datasets, there is no comprehensive reference model on the quality of datasets. These initiatives
recommend enabling high-quality access to data. As the demand of high-quality data continues to grow, there
is a greater need for accurate and reliable data to support the requirements of the advances in technology [47].
Ensuring data accuracy and reliability can be achieved through data quality assessments. Data quality is a wide
concept that covers various aspects, including: consistency, conformity, provenance, reproducibility, completeness
or documentation [27, 68]. To maintain effective data quality, it is recommended to conduct automated quality
assessments at regular intervals [70]. A recent survey found that most data quality assessment work relays on a
single criterion and often use DBpedia as the dataset [41]. Previous work has assessed the data quality of LOD in
the Cultural Heritage sector by using several dimensions [11, 53]. Other work has focused on assessing the quality
of Linked Data in European Open Government Data [32]. Larger datasets, such as Wikidata, have also been assessed
in terms of data quality [27, 51]. More general approaches to assess and improve the quality of LOD are based on
profiling statistics, synonym relationships between predicates, and SPARQL [49]. Other approaches have addressed
the assessment of metadata, particularly regarding special information such as uncertain information, competing
hypotheses, and temporally evolving data, as provided in environments like Wikidata [44]. Additional initiatives
are based on the use of languages such as Shape Expressions (ShEx) and Shapes Constraint Language (SHACL) to
define node constraints in RDF datasets and assess its quality [65, 66]. ShEx is human-readable and widely used for
different purposes in some initiatives including assessing data quality in Cultural Heritage [6, 13], validating items
in Wikidata [50], and sharing RDF data models [57]. In this sense, accessibility is a key aspect when considering
the FAIR principles in order to be aligned with existing infrastructures such as data spaces and the ECCCH.

Several approaches have focused on the definition of machine-readable and interoperable vocabularies to de-
scribe the content in terms of provenance, description, access, data quality and visualization [64]. For instance,
Vocabulary of Interlinked Datasets (VoID) provides terms and patterns for describing RDF datasets [61] and Data
Catalog Vocabulary (DCAT) was designed to facilitate interoperability between data catalogs [67]. Some of them
enable the detailed description of data quality assessments through machine-readable metadata. In particular, Data
Quality Vocabulary (DQV) is an extension of Data Catalog Vocabulary (DCAT) promoted by the W3C. It provides
a list of properties and classes suitable for expressing the quality of a dataset such as dataset, dimension, category
and metric [1]. Other examples of data quality ontologies define common and reusable concepts in terms of data
quality [20, 28, 33]. Further approaches have explored the use of controlled vocabularies to describe datasets in
terms of metadata and data quality using the Dataset Characteristics and Quality (DCQ) ontology [42]. Some of the
benefits of using ontologies to describe data quality are: i) interoperability thanks to the use of machine-readable
vocabularies; ii) knowledge sharing by providing additional documentation; and iii) potential reuse by the research
community [58]. Table 2 provides an overview of existing vocabularies to describe data access and quality.

Existing data quality assessment tools based on LOD datasets, such as KGHeartBeat [45], are based on a web
interface that provides as a result charts and tables. Others are focused on specific data quality criteria such as acces-
sibility and consistency [6, 39]. Most of the projects provide a GitHub repository with different content including
web tools or Python scripts. Others provide a language to define the constraints that can be used to assess the quality
of a dataset [19]. However, such projects have the following limitations hindering reuse and adoption: i) they need
to be installed in a server or a local environment; ii) they are executed in a linear fashion, which makes it difficult
for users to understand how the code works; and iii) they can not be directly executed in cloud services such as
EOSC or Binder. In contrast, a reproducible approach would benefit from: a) the use of reproducible scripts opening
up new opportunities in terms of extension and adaptation to new datasets and data quality criteria; b) the use of
ontologies to describe the data quality assessment (e.g., how criteria can be assessed as well as the results obtained)
facilitating a transparent and interoperable method; and c) the ability to be executed in cloud environments enabling
scalability. Table 3 shows an analysis of the main features provided by previous work concerning data quality.

Reproducibility is the ability to redo an experiment and get the same results [26]. Giving the dynamic nature of
LOD datasets in terms of updates and modifications, it is crucial to maintain up-to-date data quality assessments in
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Table 2

Vocabularies promoted by relevant institutions and widely used by the community to describe datasets and data quality. Note that the classes and
properties columns provide a summary of the classes focused on data access and quality provided by each vocabulary.

Vocabulary Description Classes Properties
Data Catalog Vocabulary (DCAT) Description of datasets and data services in a catalog dcat:Dataset, dcat:downloadURL,
dcat:Distribution dcat:landingPage
Dataset Characteristics and Quality (DCQ)  Vocabulary for attaching the results of quality bench-  dac:Dimension, dac:hasValue
marking dac:Category, dac:Metric
Data Quality Vocabulary (DQV) Description of the data quality assessment of datasets ~ dqv:Dimension, dqv:isMeasurementOf,
dqv:Category, dqv:hasQualityMeasurement
dqv:QualityMeasurement,
dqv:Metric
Dataset Usage Vocabulary (DUV) Description of metadata about dataset usage duv:RatingFeedback, duv:hasUsage,
duv:Usage duv:hasFeedback,
duv:hasRating
Schema.org Description of structured data on the Internet schema:Dataset schema:query,
schema:contributor
Vocabulary of Interlinked Datasets (VoID) Description of linked datasets void:Dataset void:exampleResource,
void:vocabulary
Wikidata Wikidata vocabulary to describe resources wd:Q1172284 wdt:P1659, wdt:P5305
Table 3

Analysis of previous work concerning data quality according to different aspects. Extensibility refers to the possibility to include new dimensions
and criteria. Reproducibility refers to the possibility to reproduce the results with the scripts provided. Implementation support refers to the
provision of code or instructions to enhance the project.

Reference  Dimensions Extensibility ~ Reproducibility =~ Implementation support Output format  Last release
[6] Consistency Yes Yes ShEx, SPARQL Text 2023
[39] Accessibility Yes Yes Yes RDF 2016
[45] Availability, Licensing, Interlinking, Security, Performance, Seman- Yes Yes Yes (Python scripts) CSv 2024

tic Accuracy, Consistency, Conciseness, Reputation, Believability,
Verifiability, Currency, Volatility, Completeness, Amount of data,
Representational-conciseness, Interoperability, Understandability, In-
terpretability, Versatility
[29] Accuracy, Trustworthiness, Consistency, Relevancy, Completeness, Yes No No code provided No 2018
Timeliness, Ease of understanding, Interoperability, Accessibility, Li-
cense, Interlinking
[19] Intrinsic, Representational, Contextual Yes Yes Yes Java 2016
[36] Consistency Yes Yes Yes HTML, RDF 2015

order to meet reproducibility’s aims. Various criteria for ensuring reproducibility have been outlined in the litera-
ture such as the accessibility of methods, data, and models used [40]. Another study identifies three dimensions of
reproducibility: methods, results, and inferential [30]. Additionally, the availability of datasets and codes has been
highlighted as key criteria for reproducibility [71]. In this context, ensuring reproducibility necessitates the detailed
documentation of all stages and methodologies of the research. Moreover, it is imperative that the data, as well as
the code, are openly accessible and designed for reusability. In the last years, Jupyter Notebooks have emerged as
a powerful tool to provide reproducible code [46, 52]. A Jupyter Notebook combines code, textual documentation,
visualizations, widgets, and charts, allowing researchers to iteratively develop their analysis [34]. In addition, best
practices and guidelines have been made available to publish reproducible code that can be run in cloud environ-
ments such as Binder’” and more advanced infrastructures such as supercomputing centers [8—10].

These efforts provide an extensive demonstration of how LOD made available by GLAM institutions can be
assessed using different techniques, methods and criteria. Nevertheless, to the best of our knowledge, none of this
research employs a reproducible framework for assessing the quality of LOD in the GLAM sector. This research
aims to fill that gap by providing a machine-readable, reproducible and extensible method built on previous work.
This approach can encourage GLAM institutions to assess the quality of their datasets and provide the results as
additional documentation, as recommended by the GLAM community [12, 43].

7https://mybinder.org/

o J o s W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51


https://mybinder.org/

@ J oy U W N

Qs s s s s s s D DWW W W W W WwWw W W NNNNNDNNNNN R R R R R R e e P e
H O W © < o 0 W N O W Jdo W N R O VW O do s W NP O WV ®Jd o s W N R OV

6 G. Candela et al. / A reproducible framework to assess the quality of linked open data in GLAM datasets

3. A framework to assess the quality of LOD

The framework proposed in this approach to assess the quality of LOD in GLAM institutions works in three steps:
1) defining the data quality criteria to assess the LOD based on previous work and literature; ii) data modeling of the
data quality assessment using existing vocabularies; and iii) assessing the LOD datasets. These steps are described
in detail below. This approach aims to provide a reproducible method that can be applied to LOD datasets regardless
of the vocabularies used to describe the metadata.

The framework was defined considering the following key features:

— it considers the dynamic nature of LOD, where datasets are regularly updated or modified, the framework could
be used periodically in order to provide up-to-date data quality assessments.

— it employs widely used vocabularies and ontologies based on previous work [21].

— it enables its extension and adaptation by using a machine-readable format to define the data quality criteria
and how it criterion can be assessed by means of SPARQL.

— its implementation follows best practices to take advantage of cloud services and infrastructure in order to
overcome potential issues concerning resources and scalability.

Note that this is an initial attempt of a subselection of potential methods to evaluate the various criteria available.
Subsequently, this work can be refined and enhanced.

3.1. Data quality criteria

The first step involves establishing the data quality criteria to assess the LOD. These criteria were selected based
on a comprehensive literature review. Table 4 shows the data quality criteria based on previous work to assess the
quality of LOD datasets. Additional details are provided in the Appendix B.

Note that the data quality criteria provided in this work have been adapted to the GLAM sector when possible.
For instance, the adaptations include:

— the use of specific properties focused on the GLAM sector such as the ISNI and VIAF identifiers for the
interpretability and conciseness criteria.

— aselection of properties, classes and resources used for the completeness criterion (see Table 7).

— anew criterion interlinking-Wikidata was defined in order to identify whether Wikidata provides a dedicated
property.

— the semantic accuracy was measured using GLAM content, by checking a random sample of authors.

— the interlinking criterion was redefined in order to measure the connection of resources typed as any class
related to authors such as foaf: Person or def:C1005.

In addition, most of the data quality criteria provided in this work can be measured by means of SPARQL. Our
goal was to provide a reproducible means. The SPARQL scripts provided in this work cover in a general way the
GLAM sector in terms of classes and properties. If required, they can be adapted to new datasets and vocabularies.

3.2. Use of formal models and vocabularies

The second step involves the employment of formal models and vocabularies for the quality assessment. This
ensures that the assessment is machine-readable, reusable and interoperable.

An analysis of the vocabularies described in Table 2 was conducted, identifying the classes and properties to
describe data quality in terms of LOD provided by GLAM institutions. Vocabularies were prioritized according to
their suitability to describe data quality in terms of categories and data quality criteria. A summary of the selection
of classes and properties is provided below.

— Organizations are described by means of the class schema:Organization.

— Datasets are mainly described using the vocabularies DCAT and VoID but also including properties from
Wikidata to describe particular features of datasets such as the SPARQL endpoint (wdt :P5305) and the
properties used to link resources (wdt : P1659).
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Table 4

Summary of the data quality criteria including the dimensions, criteria, previous work, a combination of possible values including Boolean
operators, ranges and ratios, and the issue addressed in the form of a question.

Dimension Criteria References Values Description
Availability [11,27, 39, 45, 68] {0..1} Is the public SPARQL endpoint available?

Licensing [11,27,68] {0,0.5, 1}  Is there information about the license available?

Accessibility Interlinking-Person [11,27, 45, 68] {0..1} To what the resources describing authors are linked to external datasets?
Interlinking-Work [11,27, 45, 68] {0..1} To what the resources describing works are linked to external datasets?
Interlinking-Wikidata [11, 14,24, 69] {0, 1} Is there one or more dedicated properties in Wikidata?

Security [27, 45, 68] {0, 1} Does the SPARQL provide HTTPS support?

Performance [11,27,45, 68] {0, 1} Is the dataset efficient when processing the requests?

Syntactic validity [11,27,45, 68] {0..1} Do RDF documents conform to the specification of the serialization format?
Semantic accuracy [11,27, 68] {0..1} Are the metadata provided correct?

Consistency [6,11,27,36,45,68] {0,1} Is the consistency of statements with respect to class constraints correct?

Intrinsic Conciseness [11,27, 45, 68] {0..1} Does the dataset contain redundant resources?

Conciseness-Wikidata [11,24, 27, 45, 68] {0..1} Are external resources linking to duplicated records in the dataset?
Completeness-Person [11,27, 68] {0..1} All required metadata about authors is present?
Completeness-Work [11,27, 45, 68] {0..1} All required metadata about works is present?
Completeness-Place [11,27,45,68] {0..1} All required metadata about places is present?
Completeness-Population [11,27, 45, 68] {0..1} Are all the resources expected in the dataset?

Relevancy [11,27,45,68] {0, 1} Does the dataset support a ranking of statements?
Trustworthiness-Dataset [11,27,45,68] {0,0.5,1}  How the dataset is curated?

Trustworthiness-Unknown [11,27, 45, 68] {0,0.5, 1} Does the dataset support unknown and empty values?

Contextual Understandability-Labels [11,27,45,68] {0, 1} Do the resources include a label?

Understandability-Vocabularies [11,27,45, 68] {0, 1} Does the dataset provide information about the vocabularies employed?
Understandability-URL Patterns [11,27,45, 68] {0, 1} Does the dataset provide information about the URL patterns?
Understandability-Examples [11,27,45,68] {0, 1} Does the dataset provide information about SPARQL examples?
Timeliness [11,27,45, 68] {0,0.5,1}  Does the dataset provide information concerning the publication of the dataset?
Representational conciseness-URIs Length  [11, 20, 27, 45, 68] {0, 1} Does the dataset use long URIs?
Representational conciseness-Containers [11,20, 27, 45, 68] {0, 1} Does the dataset use RDF primitives?
Interoperability [11, 20, 27, 45, 68] {0, 1} ‘Were existing vocabularies reused to describe the metadata?

. Interpretability-VIAF [11, 20,27, 45, 68] {0, 1} Are unique identifiers based on VIAF used?

Representational . . X .

Interpretability-ISNI [11, 20, 27, 45, 68] {0, 1} Are unique identifiers based on ISNT used?
Interpretability-Labels [11, 20,27, 45, 68] {0, 1} Is the language used when providing labels?
Versatility-Serialization [11,20, 27, 45, 68] {0, 1} Are the data available in different serialization formats?
Versatility-Multilingual [11, 20, 27, 45, 68] {0, 1} Are the data available in different languages?

— Metadata about dataset usage is described by DUV and it uses DCAT vocabulary dcat :Dataset class and
all properties associated with this class.

— Data quality is described by means of the Data Quality Vocabulary including dimensions and metrics as well
as the query (schema : query) and its description (schema : description) with which to assess each of
them.

By utilizing these vocabularies, the framework can achieve a high level of interoperability and reusability, ensur-
ing that the quality assessments can be easily integrated with other datasets and systems. Figure 1 describes the main
classes and properties used in the data modeling process. A resource with the type void:Dataset is related to a
resource with the type dgv:QualityMeasurement, by means of a dgv:hasQualityMeasurement prop-
erty. It represents the evaluation of a given dataset against a specific data quality criteria. The resource with the type
dgv:QualityMeasurement is related to several resources with the type dgv:Metric, describing the differ-
ent criteria used to assess the dataset. Each of them include additional information such as the schema: query
and schema:description properties. As an example, Listing 1 shows an overview of the metadata based on
the Getty Provenance Index (GPI) dataset using the classes and properties proposed in this work.

:myGettyDataset a void:Dataset;
dcterms: title "Getty Provenance Index";
dcterms:creator :org_GETTY;
void:sparqlEndpoint <https ://data.getty.edu/provenance/sparql >;
wdt:P5305 <https :// data.getty.edu/provenance/sparql >;
void:dataDump <https :// github.com/thegetty /provenance—-index—csv>;
void:vocabulary <http ://www.cidoc—crm.org/cidoc—crm/>;
dqv:hasQualityMeasurement :myGettyMeasurementAvailability ;
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foaf:name ’ ‘ schema:identifier ’ ‘ schema:description H schema:query
schema:Organization dqv:Metric
schema:author dqv:isMeasurementOf
void:Dataset ~ ——— hasQualityMeasurement ———— dqv:QualityMeasurement
|
wdt:P1659 ’ ‘ wdt:P5305 ’ ‘ dqgv:value ’

Fig. 1. Overview of classes and properties used to describe the data quality assessment of a given dataset against a specific data quality
criteria. A resource with the type void:Dataset is related to a resource with the type dgv:QualityMeasurement, by means of a
dgv:hasQualityMeasurement property. A resource with the type dgv:QualityMeasurement is related to several resources with
the type dgv :Met ric, describing the different criteria used to assess the dataset. Each of them include a schema : query representing the
SPARQL to be employed. The properties wdt : P5305 and wdt : P1659 correspond to the SPARQL endpoint and related property in the Wiki-
data vocabulary, respectively.

dqv:hasQualityMeasurement :myGettyMeasurementLicensing ;
dqv:hasQualityMeasurement :myGettyMeasurementInterlinkingWikidata ;
dqv:hasQualityMeasurement :myGettyMeasurementPerformance ;

:org_GETTY a foaf:Organization;
rdfs:label "Getty" ;
foaf :homepage <https ://www. getty.edu/> ;

ravailabilityMetric
a dqv:Metric
skos:prefLabel "Availability" ;
skos:definition "It checks that the SPARQL endpoint is available"@en ;
dqv:inDimension ldqd:availability
dqv:expectedDataType xsd:decimal
schema:query "SELECT # WHERE {{?s ?p ?o0}} LIMIT {0}" ;
schema:description "It checks that the SPARQL endpoint is available"

:myGettyMeasurementAvailability
a dqv:QualityMeasurement
dqv:computedOn :myGettyDataset ;
dqv:isMeasurementOf :availabilityMetric ;
dqv:value "1""xsd:decimal

Listing 1: An example of metadata generated based on the Getty Provenance Index dataset and using the vocabular-
ies and data modeling provided in this work.

3.3. Assessment

The last step involves the actual assessment of the LOD datasets based on the defined data quality criteria and
the proposed data modeling. The results obtained from this assessment can be used as additional documentation for
datasets, describing essential features for potential reusers [2, 12].

As the research community fosters reproducibility, it encourages the reuse and replication of the obtained re-
sults [9, 46]. Jupyter Notebooks have emerged as a powerful tool to combine text, code, charts, interactive widgets
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and documentation [9]. In addition, recent initiatives have been created to improve software in research such as the
Software Sustainability Institute to promote best practices and guidelines.®

In addition, and as more LOD datasets are created as larger-scale datasets, cloud services and infrastructures can
be used to perform the data quality assessment. Depending on the size of the datasets and the requirements, some
examples are Binder, the European Open Science Cloud (EOSC) or supercomputing center providing services such
as JupyterHub.’

4. Results

The framework proposed in this work was applied to a selection of LOD datasets made available by relevant
GLAM institutions. The criteria to select the datasets were country of origin, language, availability of a SPARQL
endpoint and license enabling reuse.

Data quality of LOD datasets has been assessed according to four dimensions and 32 criteria. Table 5 shows
the assessment results based on data quality criteria proposed in this work. The assessments were conducted in
November 2025.

The information related to the LOD datasets assessed concerning quality criteria within the scope of the research
is as follows:

— datos.bne.es,'? is a LOD platform based on bibliographic data published by the National Library of Spain
(BNE).

— data.bnf.fr,' is a LOD project published by the National Library of France (BnF).

LetterSampo:correspSearch,'? is a project that provides approximately 130,000 historical letters as LOD

involving around 17,000 actors, showcasing Finnish language, culture, and history (LDFI).

Biblioteca Nacional del Congreso Nacional de Chile (BNC) is a LOD project.'3

Database of Chinese Rare Books (CRB) is a LOD dataset describing 900 Chinese rare books and manuscripts

and created by the Academia Sinica Center for Digital Cultures (ASCDC) and based on the metadata from the

online database of the “Digital Library of Chinese Rare Books”.'*

Getty Provenance Index (GPI) is a LOD project providing access to resources from dealer stock books, sales

catalogs, and archival inventories.'>

A GitHub project [15] was created that includes: i) a README file describing the content and a brief installation
guide; ii) the RDF data generated as part of the data modeling step described in the framework; and iii) an interface
based on Jupyter Notebooks to enable the reproducibility of the results that reuses the RDF data generated.'® Figure
2 shows the interface created as part of this work to enable users to reproduce the data quality assessment results.
The SPARQL scripts provided in the data quality criteria were adjusted to the selection of datasets employed in
this work. To do so, each dataset was analyzed in order to identify the classes and properties employed to describe
the metadata and adjust the SPARQL scripts. As a result, a configuration file per dataset describing the data quality
criteria was generated.

In order to employ the scripts provided in this work with other datasets, a public SPARQL endpoint is required. A
new configuration file containing the data quality criteria should be created using the examples provided as a basis.
If required due to the employment of different vocabularies, the SPARQL queries can be refined in order to cover
additional properties and restrictions. Figure 3 shows a workflow diagram describing how the scripts work.

8https://www.software.ac.uk/
9https://jupyterhub.readthedocs.io
10https://datos.bne.es/inicio.html

https://data.bnf fr/

https://www.1df.fi/dataset/corresp
Bhttps://datos.ben.cl/es/endpoint-sparql
4https://lod-cloud.net/dataset/ ASCDC-CRB
5https://data.getty.edu/provenance
16https://github.com/hibernator11/lod-quality-reproducible

O o J o s W N

Gr O s s s s R B R D D W W W W W W W W W W NN NN NN R B R B R R B e e
H O W I o U W NP O W W d oUW N R O WV o Jo U s W NP O VW W Jdo U s W NP O


https://www.software.ac.uk/
https://jupyterhub.readthedocs.io
https://datos.bne.es/inicio.html
https://data.bnf.fr/
https://www.ldf.fi/dataset/corresp
https://lod-cloud.net/dataset/ASCDC-CRB
https://data.getty.edu/provenance
https://github.com/hibernator11/lod-quality-reproducible

o J o s w N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

10 G. Candela et al. / A reproducible framework to assess the quality of linked open data in GLAM datasets

" jupyter  lod-quality-glam-reproducible Last checkpaint: 18 hours [71:  Repository Data quality criteria | Assessment resulls

File Edit View Run Kernel Settings Help

This section enables users to run the data quality criteria assessment. First the user selects a data quality
B+ XTOEB » m C » Code v

criterion. Then, the SPARQL query defined to assess the data quality criterion is retrieved and executed using the

Create visual interface SPARQL endpoint. Finally, the results are shown including the time taken and the SPARQL query used.

(7]: children = [] criterion  Availability hd
titles = []
tab = widgets.Tab()

children.insert (8, intraductionLayout)
children.insert(1l,criteriaLayout)

children.insert(2,assessmentResultsLayout)
tab.children = children » SPARQL

» Assessment

titles.insert(@, 'Repository’)

titles.insert(1l, 'Data quality criteria') » Raw result
titles.insert(2, 'Assessment results')

tab.titles = titles

tab

171: | Repository Data quality criteria | Assessment results 17): | Repository Datn qualty criterin | Assessrmen results
This secti i i itori The results i el files in the dat using the
SPARQL:  hktps://data.getty.edu/provenance/sparq| propasiles dpevalin
Title:  Getty Provenance Index Dimension Criterion Result

Description:  The Getty Provenance Index provides ope Availability Availability 1
Licensing Licensing s
Interlinking Intertinking-Person 044
Interlinking Intertinking Work 002
Interlinking Intertinking-Wikidata 1
Security Security 1
performance Performance 1
Syntactic validity ‘Syntactic Validity 1

Fig. 2. Interface implemented based on Jupyter Notebooks to reproduce the data quality assessment results. The user is able to consult the
information about the dataset and run in real time each data quality criterion. The Assessment results tab retrieves the results obtained by the
authors of this work that are described in the RDF data generated.

=’ CHEeOSsCc

Data Quality

: - What do we want to
SPARQL available? Vocabulary

measure?

Classes and Jupyter j
bind e
properties used? -~ Gt

Fig. 3. Workflow diagram describing how the scripts work and can be adapted to new datasets.

Based on these assessments, it has been observed that LOD datasets performed best in the intrinsic dimension,
but show the lowest performance in the contextual dimension.

In the accessibility dimension, all LOD datasets successfully met the availability and security criteria. This in-
dicates that all LOD datasets respond to SPARQL queries and make use of HTTPS support. However, only BNE
and BnF fully satisfied the criterion regarding the use of properties in Wikidata. The majority of LOD datasets do
not have machine-readable licenses, which is a requirement of the Licensing criterion, although textual licensing
documentation is available. BNC and CRB did not achieve satisfactory results in the Performance criteria.

All LOD datasets performed well in the intrinsic quality criteria, including syntactic validity, semantic accuracy,
and consistency. These results indicate that the RDF documents in the LOD datasets contain no syntax errors and
that author names and dates are consistent with those in external datasets. The datasets were also mostly successful
in the completeness criterion. However, the data in LOD datasets contain unnecessary duplicates in the conciseness
criterion.
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In contrast, all LOD datasets failed to satisfy the majority of the criteria in the Contextual dimension. This means
that LOD datasets do not provide ranking support (relevancy), human-readable labels of entities (understandability-
labels), information about the vocabularies used (understandability-vocabularies), information about URI patterns
(understandability-URL patterns) or examples of SPARQL queries (understandability-examples). Only BNC pro-
vides machine-readable metadata regarding the publication date, while the others provide textual documenta-
tion (timeliness). None of the datasets specify any information about unknown or empty values (trustworthi-
ness—unknown). The BNE, BnF and BNC datasets are curated manually, extracted using automated methods,
and enriched by the community, whereas the others include manual curation and automated extraction but lack
community-based enrichment (trustworthiness—dataset).

In the Representational dimension, the representational conciseness criterion, which measures URI length, re-
sulted in unsuccessful outcomes for all LOD datasets. However, all datasets performed well in the representational
conciseness (containers) criterion, which assesses the use of RDF containers. All LOD datasets were also successful
in the interoperability criterion, indicating that the vocabularies used to describe metadata are reusable. Furthermore,
although LOD datasets include unique identifiers such as ISNI and VIAF in their metadata, labels are not provided
in the appropriate languages. Additionally, the data are not available in different serialization formats or languages.

Considering all assessments, the BNE datasets show the best overall performance, followed respectively by the
LDFI and BnF datasets. CRB, on the other hand, demonstrates a lower performance compared to the others.

4.1. Discussion

While this work is focused on the GLAM sector, the framework can be extended for different purposes. For
instance, in order to assess new datasets, the examples provided can be employed as a basis and adjusted to the
classes and properties used. New data quality criteria can be integrated by adjusting the configuration file. Other
options can be focused on the user interface to provide additional functionalities.

A limitation of this study is the manual measurement of the semantic accuracy criterion due to the absence of
federation among LOD datasets against known existing datasets. Instead of maintaining datasets as isolated data
silos, there is a need to interconnect them, enabling reusers to search across multiple datasets and thereby enhancing
the possibilities of analysis. Federated SPARQL queries could serve as a viable solution in this context[23].

The assessment of completeness is limited in scope to the classes and properties provided as an example of how
this criterion can be assessed. The population completeness assessment is limited in scope to a small selection of
artists provided by a collaborative-edition platform such as Wikidata. In general, the completeness assessment can
be enhanced by refining the classes, properties and resources used to assess the dataset.

The relevancy data quality criterion is based on a property defined by Wikidata. GLAM institutions need to work
further in this matter in order to provide this type of information. Additional vocabularies could be explored in order
to provide metadata concerning relevancy.

The results of the performance criterion are contingent upon response delays and may vary based on several
factors, including the dataset used, the SPARQL query, and the system executing the code. In some cases, SPARQL
queries (e.g., trustworthiness criterion) provide as a result a time out. This could be solved by refining the SPARQL
queries or loading a dump file of the LOD dataset in a local RDF storage system such as the Apache Jena TDB [7].
Other approaches could be based on cloud infrastructures adapted to larger-scale datasets that could be used to load
the datasets and run the data quality assessment.

The scripts provided in this work consist of several resources including Jupyter Notebooks, SPARQL queries and
RDF files. The Jupyter Notebooks combine textual documentation describing the work and Python code. They can
be used by non-technical users (e.g., curators) to reproduce the results but also to assess new datasets by creating a
new file using the examples provided. Advanced users (e.g., data scientist or developers) could extend the scripts in
order to refine the SPARQL queries and to create new functionalities such as new data quality criteria, widgets or
visualizations.

The framework has been applied to a wide diversity of datasets in terms of size and ontologies used demonstrating
its adoption. Some issues were identified concerning the use of the SPARQL which could be solved by refining the
queries or using local environments.
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Table 5

Assessment results of LOD datasets based on the data quality criteria defined.

Dimension Criteria BNE  BnF LDFI  GPI BNC CRB
Availability 1 1 1 1 1 1
Licensing 1 0.5 1 0.5 0.5 0.5
Accessibility Interlinking-Person 0.25 0.44 0.67 0.21 0 0
Interlinking-Work 0.02 0.02 0 0 0 0.02
Interlinking-Wikidata 1 1 0 0 0.5 0
Security 1 1 1 1 1 1
Performance 1 1 1 1 0 0
Syntactic validity 1 1 1 1 1 1
Semantic accuracy 1 1 1 1 1 1
Consistency 1 1 1 1 1 1
Intrinsic Conciseness 1 1 | 1 1 1
Conciseness-Wikidata 0.99 0.99 - - 0.93 -
Completeness-Person 1 1 1 1 1 0
Completeness-Work 1 1 1 1 1 1
Completeness-Place 0 0 1 1 0 1
Completeness-Population 1 1 1 0 0 0
Relevancy 0 0 0 0 0 0
Trustworthiness-Dataset 1 1 0.5 0.5 1 0.5
Trustworthiness-Unknown 0 0 0 0 0 0
Contextual Understandability-Labels 0 0 0 0 0 0
Understandability- Vocabularies 0 0 0 0 0 0
Understandability-URL Patterns 0 0 0 0 0 0
Understandability-Examples 0 0 0 0 0 0
Timeliness 0.5 0.5 0.5 0.5 1 0.5
Representational conciseness-URIs Length 0 0 0 0 0 0
Representational conciseness-Containers 1 1 1 1 1 1
Interoperability 1 1 1 1 1 1
. Interpretability-VIAF 1 1 1 1 1 1
Representational i
Interpretability-ISNI 1 1 1 1 1 1
Interpretability-Labels 0 0 0 0 0 0
Versatility-Serialization 0 0 0 0 0 0
Versatility-Multilingual 0 0 0 0 0 0
Total 1876 1745 17.67 1571 1593 13.52

The developed Jupyter notebook can be utilized in various studies and by GLAM institutions to assess their
metadata quality. For instance, the conciseness criterion, which was found lacking in the assessed LOD datasets,
could be improved by reducing data duplication. The conciseness criterion was assessed using the owl : sameAs
property in order to identify duplicates. Additional approaches could be based on the Wikidata properties defined to
link GLAM datasets. However, in some cases, these duplicates might be necessary in the catalog for some reason
such as resources with different classes. For example, the BNE provides an anonymous author used in certain
works.!7 Conversely, known anonymous works such as El Lazarillo de Tormes do not include this type of metadata.
Further utilization of this information is required to enhance metadata quality. The metadata can also be refined by
including multilingual labels for the description of the data quality criteria. Generally, the assessed LOD datasets do

7https://datos.bne.es/persona/X X 1193997 html
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not provide metadata about the vocabularies and ontologies used, complicating the assessment and measurement of
criteria such as consistency. Hence, LOD datasets should consider including this information as part of the dataset.

While the metadata provided by the assessed LOD datasets is generally of high quality, adopting emerging stan-
dards such as DCAT to describe the dataset itself could improve their reuse in new environments, such as data
spaces [25]. GLAM institutions should align with these requirements to maintain high-quality standards.

The figures in Table 5 are useful to select the dataset that best fits a specific purpose. For instance, if the most
relevant aspects for an institution are machine-readable licensing and interlinking, then the LDFI and BNE might
be the first choice in order to enrich a collection.

The LOD datasets assessed showed that in some cases the information is only provided in the form of textual
documentation (e.g., license). In other cases, such as the timeliness criterion, the lack of metadata can pose dif-
ficulties when identifying the novelty or the version of the data. In addition, different properties are used for the
same purpose (e.g., olw: sameAs and skos: exactMatch) hindering the assessment and requiring to adjust the
SPARQL scripts. Additional work is required in terms of the richness of the data published by institutions.

We also noticed that recent datasets tend to obtain a higher value for interlinking. This relation could be caused to
different reasons such as the maintenance of the dataset. In addition, and in terms of reproducibility and obtaining
the same results, LOD can change over time and results can vary when running the system at different times.

5. Conclusions

GLAM are increasingly sharing their data as LOD to enhance accessibility and achieve high-quality standards.
It is crucial to assess the quality of these data in a reproducible manner. While various studies have explored data
quality assessment methodologies, this study uniquely provides a reproducible and machine-readable framework to
explain assessment results using existing vocabularies that can be a valuable resource for new and emergent data
infrastructures such as data spaces.

Based on prior research, data quality criteria were identified and applied to LOD datasets. The assessment revealed
that all three LOD datasets exhibited strong performance in similar domains (e.g., interlinking, security, interoper-
ability), while they demonstrated less satisfactory outcomes in other domains (e.g., conciseness, relevancy, trust-
worthiness). Furthermore, the developed framework and GitHub project can be adapted to different LOD datasets
to guide data quality enhancement.

Future research includes the integration of additional data quality criteria such as diversity and source reliability,
the FAIR advancement in GLAM as well as the implementation in real practice for data spaces and the ECCCH.
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Appendix A. Namespaces used

The prefixes in Table 6 are used to abbreviate namespaces throughout this article.
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Table 6

Common prefixes used to designate RDF vocabularies.

prefix

URI

cidoc
dcat
daq
dcterms
dqv
foaf
frbr
frbr-rda
isbd
kbv
1dqd
loc

Issc
nobel
owl

rdf

rdfs
schema
skos
void
wdt

wd

http://www.cidoc-crm.org/cidoc-crm/
http://www.w3.org/ns/dcat#
http://purl.org/eis/vocab/daq
http://purl.org/dc/terms/
http://www.w3.org/ns/dqv#
http://xmlns.com/foaf/0.1/
http://iflastandards.info/ns/fr/frbr/frbrer/
http://rdvocab.info/uri/schema/FRBRentitiesRDA
http://iflastandards.info/ns/isbd/elements/
https://id.kb.se/vocab/
https://www.w3.0rg/2016/05/1dqd#
http://id.loc.gov/ontologies/bibframe/
http://1df.fi/schema/lssc/
http://data.nobelprize.org/terms/
http://www.w3.0rg/2002/07/owl#
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
http://www.w3.0rg/2000/01/rdf-schema#
http://schema.org/
http://www.w3.0rg/2004/02/skos/core#
http://rdfs.org/ns/void#
http://www.wikidata.org/prop/direct/
http://www.wikidata.org/entity/
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http://xmlns.com/foaf/0.1/
http://iflastandards.info/ns/fr/frbr/frbrer/
http://rdvocab.info/uri/schema/FRBRentitiesRDA
http://iflastandards.info/ns/isbd/elements/
https://id.kb.se/vocab/
https://www.w3.org/2016/05/ldqd#
http://id.loc.gov/ontologies/bibframe/
http://ldf.fi/schema/lssc/
http://data.nobelprize.org/terms/
http://www.w3.org/2002/07/owl#
http://www.w3.org/1999/02/22-rdf-syntax-ns#
http://www.w3.org/2000/01/rdf-schema#
http://schema.org/
http://www.w3.org/2004/02/skos/core#
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http://www.wikidata.org/entity/
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Appendix B. Additional details concerning the definition of the data quality criteria
This section describes the definition of each data quality criterion.
Availability: refers to the extent to which data (or some portion of it) is present, obtainable and ready for use [11,

27, 68]. For instance, it can be assessed by using a URI checking whether the server responds to a SPARQL query
over a period of time.

Number of successful requests

ey

Miyyailability =
aanory Total number of requests

Licensing: is defined as the granting of permission for a consumer to re-use a dataset under defined con-

ditions [11, 27, 68]. It can be measured by identifying metadata properties such as dcterms:license and
schema:license.

1 machine-readable license
Miicensing = § 0.5 text documentation license (@)

0 otherwise

Interlinking: refers to the degree to which entities that represent the same concept are linked to each
other [11, 27, 68]. It can be measured by identifying the existence and usage of external URIs (e.g., using the
property owl : sameAs). In addition, external datasets such as Wikidata can be used in order to retrieve the number
of resources linked (see Listing 2). Many institutions have created a dedicated property in Wikidata to establish
links and connect their resources [14, 24].

Let g be a dataset, d be the list of values of each property p included in prop, v each of the different values
included in d, r; each of the resources typed as a particular class (e.g., foaf:Person or bibframe:Work)
included in g and checkExternal a function that assesses that the value of v is an external URI:

isExternal(r;) = (ri,p,d) | (ri,p,d) € g
A (r;,owl:sameAs,v) A p € prop Aved | 3)
(p,v) € g A\ checkExternal(v)

n
1 .
Minterlinking-Class — ; E stxternal(r[) )
i=1

SELECT (COUNT(?subject) AS ?total)
WHERE {

?subject wdt:P268 ?object
}

Listing 2: An example of SPARQL query to retrieve the number of resources linked in Wikidata according to the
property wdt : P2799 used to link authors in the Biblioteca Virtual Miguel de Cervantes.
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1 two or more dedicated property available in Wikidata
Mingerlinking-Wikidata = § 0.5 one dedicated property available in Wikidata (%)

0 otherwise

Security: is the extent to which data is protected against alteration and misuse [68]. Given the open nature of
some of the data available, in some cases security was not considered [29]. In order cases, security was measured
by verifying the support of HTTPS [45].

1 HTTPS support
Msecurity = (6)

0 otherwise

Performance: refers to the efficiency of a system that binds to a large dataset [68]. This can be measured in terms
of scalability by means of the detection of whether the time to answer ten requests divided by ten is not longer than
the time it takes to answer one request [68].

answering ten requests divided by ten is not longer than

the time it takes to answer one request
Mperformance = q @)

0 otherwise

Note that queries have different levels of complexity. In our approach, a general SPARQL query was used in order
to facilitate its employment in different datasets.

Syntactic validity: is defined as the degree to which an RDF document conforms to the specification of the
serialization format [11, 27, 68]. It can be measured by identifying syntax errors by using, for instance, existing
RDF validators.'® Listing 3 shows an example to retrieve 100 resources with the type cidoc:Person that can be
used with the RDF validator.

SELECT ?subject
WHERE {
?subject rdf:type cidoc:E21_Person

}
LIMIT 100

Listing 3: An example of SPARQL query to retrieve 100 resources with the type cidoc:E21_Person.

Note that this criterion can be improved by using a larger number of resources provided by the dataset. When
using a small portion of the resources, the confidence interval can be obtained as additional statistical information

[6].

18See, for example, the W3C RDF Validator available at https://www.w3.org/RDF/Validator/
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1 RDF syntactically correct
Msyntactic = (®)

0 otherwise

Semantic accuracy: is defined as the extent to which data are correct, reliable, and certified free of error [6,
11, 68]. This can be measured, for instance, by checking a random sample of authors against external datasets in
order to identify whether the dates and names provided are correct. This can be automatically performed using
federated queries. For example, Wikidata provides a list of federated datasets that can be used in combination with
Wikidata.'® Listing 4 shows an example of a federated SPARQL query to retrieve the titles of works from Wikidata
and the Biblioteca Virtual Miguel de Cervantes. This approach can be applied in the future when specific steps are
taken towards a federation of resources which are not federated currently.

SELECT ?workLabel WHERE {
wd: Q165257 wdt:P2799 ?id
BIND (
uri(concat("https ://data.cervantesvirtual .com/person/",
?7id)) as ?bvmclD)
SERVICE
<http :// data.cervantesvirtual .com/openrdf —sesame /\ note { datasets }/data>

{
?7bvmclD <http :// rdaregistry .info/Elements/a/authorOf> ?work

?work rdfs:label ?workLabel

}

}
LIMIT 100

Listing 4: An example of federated SPARQL query to retrieve the titles of the works of the author Lope de Vega
from Biblioteca Virtual Miguel de Cervantes by employing the Wikidata SPARQL endpoint.

n

1 .
Maccuracy =~ Z isAccurate(r;) 9)
i=1

Consistency: means that a knowledge base is free of (logical/formal) contradictions with respect to particular
knowledge representation and inference mechanisms [6, 11, 27, 68]. This can be measured, for instance, by check-
ing the consistency of statements with respect to class constraints. Following previous approaches [11], we limit
ourselves to the class constraint owl : disjointWith. Other initiatives have also focused on the validation of
properties [27]. Listing 5 shows an example of SPARQL query to measure the consistency according to the criterion
proposed in this work.

PREFIX owl: <http ://www.w3.0rg/2002/07/owl#>

SELECT ?s ?classl ?class?2
WHERE {

?s a ?classl

?7s a ?class?2

Yhttps://www.wikidata.org/wiki/Wikidata:Lists/SPARQL_endpoints
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?7classl owl:disjointWith ?class2

}

Listing 5: An example of SPARQL query to measure the consistency in LOD by means of the property
owl:disjointWith.

1 RDF consistent
Mconsistency — (10)

0 otherwise

Conciseness: refers to the minimization of redundancy of entities at the schema and the data level [68]. It refers
to the case when the data does not contain redundant resources. This can be measured by identifying duplicates
included in the datasets [11]. It can be measured using identifiers such as VIAF and ISNI. Other approaches are
based on the use of external repositories. Listing 6 shows and example of SPARQL query to retrieve duplicate links
in Wikidata based on resources featured in BnF.

SELECT ?wdItem (COUNT(?bnfResource) AS ?total)
WHERE {
?wdltem wdt:P268 ?bnfResource

}
GROUP BY ?wdItem

HAVING (COUNT(?bnfResource) > 1)

Listing 6: An example of SPARQL query to retrieve the number of duplicated resources in Wikidata according to
the property wdt : P2 68 used to link resources in BnF.

1 n
Meoncisencss = - Z isDuplicated(r;) (11)
i=1

n

1 . .
Mconciseness-Wikidata = E Zl stupllcated(ri) (12)
i=

Completeness: refers to the degree to which all required information is present in a particular dataset [11,
27, 68]. It can be measured using different metrics and including: i) schema completeness by using a selection
of classes and properties; and ii) population completeness in terms of the resources available in the dataset. For
the population completeness, and since there is no gold standard to test the dataset, we defined a gold standard
including classes, properties and resources that could be available in a GLAM dataset. The classes and properties
were selected according to the main vocabularies used to describe the resources. Concerning the population, a gold
standard was defined based on ten recognized artists included in Wikidata since it is one the most relevant datasets
used to enrich the resources in GLAM institutions. Listing 7 shows the SPARQL query used to extract the artists
from Wikidata to create the gold standard.

SELECT DISTINCT ?artist ?viaf
WHERE {
VALUES ?artist {

=W N

o 0 g o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



@ J oy U W N

22 G. Candela et al. / A reproducible framework to assess the quality of linked open data in GLAM datasets

Table 7

Classes and properties used to measure the schema completeness.

Category  Classes Properties
foaf:Person foaf:givenName
Person bne:C1005 rdfs:label
cidoc:E21_Person skos:preflabel
lssc:Letter rdfs:label
frbr-rda:Work skos:prefLabel
cidoc:E73_Information_Object lssc:has_time
bne:C1001 bne:P1001
Work
bne:P1004
dc:subject
dc:date
frbr-rda:dateOfWork
cidoc:E53_Place rdfs:label
Place
skos:prefLabel

wd: Q5682 wd: Q1512 wd: Q692 wd: Q165257
wd: Q9068 wd:Q535 wd:Q16867 wd:Q762
wd: Q5597 wd: Q5592

}.

7artist wdt:P735 ?name

?artist wdt:P214 ?viaf

}

Listing 7: SPARQL query used to extract the artists from Wikidata to create the gold standard. The values instruction

is used to provide the identifiers of the resources selected.

Based on the classes and properties defined in the vocabularies proposed in our literature review, we created
a selection based on the main classes and properties identified. Note that the class Work represents any type of

document (e.g., 1ssc:Letter and frbr-rda:Work).

1 classes and properties used to describe the resources

Mschema_completeness —

0 otherwise

1 resources available in the dataset
Mpopulation_completeness —

0 otherwise

(13)

(14)

Relevancy: refers to the provision of information which is in accordance with the task at hand and important to
the users’ queries [11, 68]. It assesses whether the dataset supports a ranking of statements in order to express the
relative relevance of statements. For example, Wikidata enables users to define the ranking of the properties [44].2°
In order to assess this criterion, we used the property wikibase : rank provided by Wikidata.

20For example, a city may include the list of its mayors in which the current mayor would receive the preferred rank.
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1 ranking of statements supported
Myranking = (15)
0 otherwise

Trustworthiness: is defined as the degree to which the information is accepted to be correct, true, real and
credible [11, 27, 68]. It can be measured by identifying how the dataset is curated. To do so, we distinguish between
manual and automated curation methods, giving relevancy to the enrichment by the community such as the case of
Wikidata.

manual curation, automatic extraction and enrichment by
a community

Myustworthiness-Dataset = § 0.5 manual curation and automatic extraction (16)

0 otherwise

Trustworthiness can be increased by supporting unknown and empty values [44]. In the GLAM context, the
typical case is when a creator of a book or an sculpture is an anonymous person. For example, Wikidata provides
the unknown values using the entity wd:04233718.2! Simpler approaches can be based on the use of the literals
such as "Unknown", "Unknown value" or "Anonymous".

1 using machine-readable unknown and empty values
Mirustworthiness-Unknown = § (.5 using unknown and empty literals (17)

0 otherwise

Note that this is an initial metric and there is more to be done to establish how to use annotations, compute
trustworthiness values, compute trustworthiness of information providers, etc.

Understandability: refers to the ease with which data can be comprehended without ambiguity and be used by
a human information consumer [11, 27, 68]. This can be measured following different approaches: i) detection of
human-readable labelling of entities (e.g., use of the property rdfs:label); ii) provision of information of the
vocabularies used in the dataset (e.g., use of the property void:vocabulary); iii) provision of information con-
cerning the URL patterns used (e.g., use of the properties void:uriRegexPattern and void:uriSpace);
and iv) providing examples of SPARQL queries (e.g., use of the property schema : query).

1 Using labels to describe the resources
Myabels = (18)
0 otherwise

21See, for example, the Spanish Literature book El Lazarillo de Tormes in Wikidata available at https://www.wikidata.org/wiki/Q4233718
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1 Providing information about the vocabularies used
Myocabularies — (19)

0 otherwise

1 Using URL patterns
Myrlpatterns = (20)

0 otherwise

1 Providing SPARQL queries
Mqueries = 2n
0 otherwise

Timeliness: measures how up-to-date data is relative to a specific task [27, 68]. It can be measured by iden-
tifying machine-readable information (e.g., dcterms :modified) used by known vocabularies such as DCAT,
schema.org and VoID concerning the publication of the dataset.

1 provision of a machine-readable publication date
Miimeliness = 0.5 provision of text documentation 22)

0 otherwise

Note that even if something is published recently it does not really mean it offers the newest view on something.
This criterion provides a first formalization that may require further work in the future.

Representational conciseness: refers to the representation of the data, which is compact and well formatted on
the one hand and clear and complete on the other hand [11, 27, 68]. It can be measured by checking the use of long
URISs and the use of RDF primitives such as RDF reification, RDF containers and RDF collections (e.g., rdf : Bag
or rdf:Seq) [11]. We have considered the length of URIs of 60 characters as recommended for search engine
optimization purposes.

1 otherwise
Miong_uris = (23)

0 use of long URIs

1 otherwise
Mydf_primitive — 24)
0 use of RDF primitives
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Note that LOD is based on the provision of permanent identifiers as URIs and this might not be the case for other
type of datasets.

Interoperability: refers to the degree to which the format and structure of the information conforms to previously
returned information as well as data from other sources [11, 27, 68]. It can be measured by identifying whether
existing vocabularies have been reused to describe the metadata, as recommended by the W3C [62]. Properties such
as void:vocabulary provides information about the vocabularies used to describe the metadata. A selection of
the vocabularies presented in Table 1 were used as a basis to measure this criterion.

1 using existing vocabularies
Minteroperability — (25)
0 otherwise

Interpretability: refers to technical aspects of the data, that is, whether information is represented using an
appropriate notation and whether the machine is able to process the data [11, 27, 68]. This includes identifying
objects and terms used to define these objects with globally unique identifiers (e.g., ISNI and VIAF) as well as
detecting the use of appropriate language (e.g., use of the language when providing labels).

1 information is represented using an appropriate notation
Minterpretability_property — (26)
0 otherwise

1 use of language for labels
Minterpretability_language = (27)
0 otherwise

Versatility: refers to the availability of the data in different representations and in an internationalised way.
It can be measured by checking whether data is available in different serialization formats (e.g., RDF/XML and
Turtle) and whether data is available in different languages (e.g., when using the property rdfs: label). In order
to identify the serialization formats, this criterion uses the property void: feature and as a value the Unique
URISs for File Formats provided by the W3C.??

1 different serialization formats
Mgerialization — (28)

0 otherwise

1 use of multilingual labels
Mmultilingual = (29)

0 otherwise

22https://www.w3.org/ns/formats/
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Appendix C. Installation guide

The code provided as a result of this work can be installed in a computer by following the steps outlined below.

Download the code from GitHub: https://github.com/hibernator1 1/lod-quality-reproducible.
Open the folder with the code.

Run the command: pip install -r requirements.txt

Open Jupyter.

Open and run the notebook provided by this work: lod-quality-glam-reproducible.ipynb
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