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Abstract. The quality of Linked Data is an important aspect to indicate their fitness for use in an application. Several
quality dimensions are identified such as accuracy, completeness, timeliness, provenance, and accessibility, which
are used to assess the quality. While many prior studies offer a landscape view of data quality dimensions, here
we focus on presenting a systematic literature review for assessing the completeness of Linked Data. We gather
existing approaches from the literature and analyze them qualitatively and quantitatively. In particular, we unify and
formalize commonly used terminologies across 52 articles related to the completeness dimension of data quality and
provide a comprehensive list of methodologies and metrics used to evaluate the different types of completeness. We
identified seven types of completeness, including three types that were not previously identified in earlier surveys.
We also analyzed nine different tools capable of assessing Linked Data completeness. The aim of this Systematic
Literature Review is to provide researchers and data curators a comprehensive and deeper understanding of existing
works on completeness and its properties, thereby encouraging further experimentation and development of new
approaches focused on completeness as a data quality dimension of Linked Data.

Keywords: Linked Data, completeness, LOD, data quality, survey, assessment, metrics, Systematic Literature Review

1. Introduction

The development of Semantic Web technolo-
gies such as the Resource Description Framework
(RDF)1 has led to unprecedented volumes of data
published on the internet as Linked Open Data
(LOD) 2 [1]. The collection and publication of such
vast amounts of data into a Knowledge Base (KB)
is certainly a progression in the right direction to-
wards the Web of Data. However, the evolution of
KBs exposed as Linked Data such as in the LOD
Cloud3 is generally unrestrained [2], which leads

***These authors contributed equally to this work.
1https://www.w3.org/RDF/
2http://linkeddata.org/
3http://lod-cloud.net/

to a variety of quality issues, at various levels, for
example, at the schema or at the instance level. An
empirical study carried out by Debattista et al. [2]
shows that datasets published in the LOD cloud
have a reasonable overall quality, but significant
issues remain concerning some quality dimen-
sions, such as data provenance and completeness.
Therefore, by focusing on an individual dimen-
sion such as completeness, we can explore certain
aspects of detecting and mitigating the complete-
ness data quality issue in a more thorough fashion,
for example, exploring whether completeness is
better tackled in the data collection or integration
processes.

Data quality issue has been a challenge for tra-
ditional information systems, hence, rigorous re-
search on ensuring adequate quality of data in re-
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lational databases have been carried out, even be-
fore the onset of Linked Data. This development
has led to a positive impact on the used organi-
zational processes for relational databases [3, 4].
Thus, the applicability of this approach in the con-
text of Web of Data provides an avenue to lever-
age experience gained from traditional informa-
tion systems. Since high quality of data ensures
its fitness for use [5] in a wide range of applica-
tions, having the right metrics to assess and im-
prove the quality of Linked Data is of great impor-
tance. Several frameworks and approaches have
been proposed to evaluate varying dimensions of
Linked Data quality. Zaveri et al. [6] conducted
a comprehensive SLR and identified 18 different
quality dimensions that can be applied to assess
the quality of Linked Data. In our article, we fo-
cus on how to assess the completeness of Linked
Data, which includes different types of complete-
ness and the approaches to assess them. Our ob-
jective is to qualitatively and quantitatively ana-
lyze the existing articles that propose methods to
assess or improve several types of completeness
dimensions. We also classify the existing measures
into various types of completeness.

This article presents a Systematic Literature Re-
view (SLR) on one of the core dimensions of
Linked Data quality i.e. completeness [7]. This is
because completeness affects other dimensions of
data quality such as accuracy, timeliness and con-
sistency. Different comprehensive surveys which
focus on data quality methodologies for struc-
tured and Linked Data [6, 8] exist in the litera-
ture. However, to the best of our knowledge, this
SLR is the first one that focuses solely on the com-
pleteness of Linked Data. We believe that this SLR
will be helpful for Semantic Web researchers to
improve the existing approaches or propose new
ones.

1.1. Overview of Linked Data Completeness

Completeness is a data quality measure that
refers to the amount of information present in a
particular dataset [6]. For example, the instance
Albert_Einstein might suffer from a data complete-
ness problem when his birth place is missing in
the dataset.

Identifying data quality is one of the challenges
that data consumers are facing [9]. However, the
term quality is commonly described as fitness for

use [5] which encompasses several dimensions
such as accuracy, timeliness, consistency, correct-
ness, completeness, etc. Nevertheless, these di-
mensions are subjective, for example, complete-
ness implies that the amount of data is sufficient
for the consumer’s needs. It is measured as the
percentage of data available divided by the data
required, where 100% is the best value. The ques-
tion, however, is whether we can consider 70%
complete data to be of high quality? This amount
of information could be sufficient, for example,
for the description of a film but not enough for a
medical use case. In real-world use cases, incom-
plete data can lead to missing out on important
information and, thus, to inaccurate analyses [10].
Additionally, in terms of timeliness, incomplete-
ness affects the ability to have all the information
required at the suitable moment.

In terms of Linked Data, existing literature [6]
identified four types of completeness to measure
the degree of completeness of data sources. Pipino
et al. [11] divided completeness into: (i) schema
completeness that is the degree to which classes
and properties are presented in a schema, (ii)
property completeness which is the extent of the
missing property values of a specific kind of prop-
erty, and (iii) population completeness that refers
to the ratio of number of represented objects to
total number of real-world objects. Later, a new
type of completeness is introduced for Linked
Data called (iv) interlinking completeness, which
defines links losses between datasets via their
linksets [12]. Thus, we classified the selected ar-
ticles into one of these types of completeness as
illustrated in Section 3. As a result of our SLR,
we identified three new types of completeness,
namely, (v) currency, (vi) metadata and (vii) la-
belling completeness making it a total of seven
types of completeness. It should be noted that we
do not assume an Open World Assumption [13]
since it contradicts completeness by definition, as
a gold standard or a reference dataset is needed
to be compared against the given dataset.

This article is structured as follows: In Section
2 we describe our SLR methodology. In Section 3,
we define and classify the completeness of Linked
Data, provide quantitative and qualitative analy-
ses of the selected studies and describe the tools
used for evaluating Linked Data completeness. In
Section 4 we discuss the current challenges and
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future directions. Finally, we conclude this article
in Section 5.

2. Systematic Literature Review Methodology

In this section, we explain our SLR methodol-
ogy to identify all articles related to Linked Data
completeness and we summarize the proposed
solutions in terms of (i) the problem addressed, (ii)
approaches and metrics proposed and (iii) tools
developed to assess the issue of completeness.

Two reviewers, from different institutions (the
first two authors of this article), conducted this
systematic review by following the systematic re-
view procedures described in [14]. According to
[14], a systematic review is useful for several rea-
sons, such as: (i) summarize and compare the var-
ious methodologies in a domain, (ii) identify open
problems, (iii) contribute a hybrid concept com-
prising of various methodologies developed in a
domain, or/and (iv) synthesize new ideas to ad-
dress open problems. This systematic review tack-
les, in particular, problems (i), (ii) and (iii). It sum-
marizes and compares various LD completeness
data quality assessment methodologies as well as
identifying open problems related to LD Com-
pleteness. An overview of our search methodol-
ogy including the number of retrieved articles at
each step is shown in Figure 1 and described in
detail below.

2.1. Research Questions:

In this SLR, we aim to answer the following
general research question:
How can we assess the completeness of Linked
Data, which includes different types of complete-
ness considering several approaches? We divide
this general research question into sub-questions
such as:

– what types of completeness currently exist in
Linked Data?

– what are the proposed approaches and metrics
to identify and measure the completeness of
Linked Data?

– what are the data completeness problems be-
ing discussed by researchers?

– what tools are available to detect complete-
ness of Linked Data?

2.2. Inclusion Criteria:

– articles published in English
– articles published between 2006-2019 4

– articles that:

∗ studied or measured completeness of Linked
Data
∗ proposed data completeness methodology

or framework
∗ proposed and applied metrics for com-

pleteness of Linked Data

2.3. Exclusion Criteria:

– articles that have not been peer-reviewed
– articles published in other languages
– master or doctorate thesis, poster, Power-

Point presentation or books
– articles that focused neither on Linked Data

nor on semantic web technologies

2.4. Generating a Search Strategy

Search strategies in a systematic review are usu-
ally iterative and are run separately by both re-
viewers to avoid bias and ensure complete cover-
age of all related articles. We performed a search
on the following search engines: Google Scholar,
IEEE Xplore, ACM Digital Library, Science Direct
and Springer Link. Based on our experience, we
found that the majority of results are not interest-
ing after the first 200 articles. Thus, we limit our
research to the most related 200 articles from each
source. From our perspective, searching only on
the title is not efficient and does not always pro-
vide all the relevant articles. This is because au-
thors are often inclined to use agile titles which
do not express the real content of the article. Thus,
we divide our search strategy into two steps:

– scan article titles based on inclusion/exclusion
criteria

– search within text and determine fit based on
inclusion/exclusion criteria

One of the most important parts is defining the
search terms. These expressions that collect the ar-
ticles related to Linked Data completeness should
be based on a defined search strategy. This strat-

4As the term of Linked Data first appeared in 2006 [1]
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Step 1:
Remove duplication

Step 2:
Exclude by exclusion criteria

Step 3:
Exclude by keywords

Step 4:
Exclude by title and abstract

Step 5:
Exclude by full text

Step 6:
Add relevant refer-
ences from studies

Final set of the selected studies

52

Fig. 1. Overview of the Systematic Literature Review methodology.

egy aims to find as many relevant articles as possi-
ble. Based on our discussions and testing to obtain
the most related articles as possible in our domain,
the search string that was proposed contains syn-
onyms of the concept term. As our concept term
is “Linked Data completeness”, we added the al-
ternative spellings, synonyms, as well as terms
related to quality. Finally, we connected them us-
ing the boolean operators OR and AND. The ex-
pressions that were used to extract the interested
studies are:

– Exp. 1: ("Linked Data") AND (quality OR
assessment OR evaluation OR methodology
OR measuring OR completeness)

– Exp. 2: ("Linked Open Data") AND (quality
OR assessment OR evaluation OR method-
ology OR measuring OR completeness)

– Exp. 3: LOD AND (quality OR assessment
OR evaluation OR methodology OR measur-
ing OR completeness)

3. Linked Data Completeness Analysis

3.1. Quantitative Analysis

As a result of our methodology, we identified
52 core articles that focus on Linked Data quality
Completeness. The final list of the selected articles
is shown in Table 2. Table 3 shows the list with
the type of completeness each article addresses.
We further categorized them with respect to the
type of completeness, as shown in Figure 2. The
unlabeled nodes represent publications and the
edges link to the type of completeness that the
publication covers. We can observe that a pub-
lication can address multiple types of complete-
ness. Property completeness is the most addressed
by the studies, with 18 publications. From the
52 core articles, 28 were published from 2016 till
now (2019; hence about 52% of the studies are
quite recent and the trend shows that more re-
searchers are getting involved in this domain as
the years go by as illustrated in Figure 3. Figure
4 shows where researchers are publishing their
work, where the top journal is Journal of Web Se-
mantics and the top conference for publishing be-
ing European Semantic Web Conference. We ob-
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Fig. 2. Classification of the 52 core articles by type of completeness.

Table 1
Number of the articles retrieved in each search engine.

GS SD ACM SL IEEE

Ti
tl

e

Exp. 1 173 7 557 3 221

Exp. 2 35 1 103 - 77

Exp. 3 27 1 41 1 191

A
ny

w
he

re Exp. 1 31,100 5,487 6,903 5,365 2,686

Exp. 2 14,600 573 928 2,270 937

Exp. 3 66,800 61,442 232 2,155 3,499

serve that researchers are now publishing more in
conferences with 29 articles (54%) published at a
conference even though no one conference seems
to be over represented. 13 articles (24%) were pub-
lished in journals and seven articles (13%) were
published in workshop proceedings.

3.2. Qualitative Analysis

In this section, we analyze the 52 articles qual-
itatively to extract relevant information regard-
ing Linked Data completeness. After analyzing
the selected articles in detail, we identified and
extracted 23 ubiquitous metrics which are pre-
sented in Table 4 that can be applied to assess the
completeness of Linked Data, categorizing them
based on the type of completeness covered. As
mentioned previously, (i) schema, (ii) property,

(iii) population and (iv) interlinking completeness
were already identified by [6]. As part of our SLR
we identified three more types, namely, (v) cur-
rency, (vi) metadata and (vii) labelling complete-
ness.

In the following, we describe each of the seven
types by providing a definition and discussing the
problems and approaches that they address. We
summarize the problems and approaches found
for each type of completeness and provide a few
examples. The full list of approaches is reported
in Table 4.

3.2.1. Schema Completeness
A dataset is considered complete if it contains

all the classes and properties needed for a given
task. It is also called ontology completeness [56].
Fürber et al. [56] defined schema completeness
as the degree to which classes and properties are
represented in a schema. In the similar sense but
under a different name, Mendes et al. [55] defined
intensional completeness which is the existence of
all the attributes in a dataset for a given task. For
example, the instance France suffers from a schema
completeness problem when the property capital
is missed.

Definition 1 (Schema completeness). Schema com-
pleteness is the degree to which the classes and proper-
ties of an ontology are represented in a LD dataset.

Problems. Several articles address the challenge
of development of new tools and frameworks to
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Fig. 3. Number of core articles by year.

assess and improve completeness and other data
quality dimensions [52, 57, 60]. The authors in [18]
were interested in the application of first order
logic predicates and developed a capacity func-
tion (i.e., a fuzzy measure) to express complete-
ness. [54] investigated how to employ the simi-
larity between entities in a dataset to determine
completeness. In [28], the authors built transaction
vectors constituted of sequence of properties that
deduced from instances to use them as an input
to generate frequent patterns in order to compute
the completeness.

Approaches and Metrics. There are 13 articles
that propose some approaches of metrics about
schema completeness. These existing approaches
defined a set of metrics to assess schema com-
pleteness [20, 55, 57, 60, 61] such as applying fu-
sion methods or defining quality indicators, or
assessing completeness based on extracting a set
of frequent/required predicates [18, 22, 28, 49,
50, 54, 66]. Several metrics measure completeness
as the ratio of the number of classes/properties
presented in a dataset to the total number of
classes/properties [20, 49, 50, 55, 57, 60, 61]. Other
metrics take into account only the mandatory
properties to assess the completeness [22, 28, 66].
[54] measured ratio of similar instances/subjects
missing same properties.

3.2.2. Property Completeness
Property completeness as defined by [6] is the

measure of the missing values for a specific prop-
erty. This is similar to the definition of [11] which
referred to it as column completeness. Property
completeness is measured by determining if a spe-
cific property has missing values. For example,
the instance France suffers from a property com-
pleteness problem when the property capital does
not have a value, namely, Paris.

Definition 2 (Property completeness). Property
completeness is the degree to which values for a specific
property are available for a given task.

Problems. The common research challenges that
addresses property completeness is the develop-
ment of data quality models, metrics and tools
upon which benchmarking and evaluation may
be carried out. [15, 16, 20, 41, 44, 52, 55, 57] all pro-
posed novel models, methodology and/or met-
rics for measuring property completeness as part
of general data quality assessment. [31] explored
evaluation of query answer completeness in a pri-
vacy preserving manner and [22] developed mod-
els for evaluating completeness employing auto-
matic query generation.

Approaches and Metrics. There are 21 articles
that addressed property completeness either by
proposing an approach or metric to measure com-
pleteness. A prominent methodology for assess-
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Table 2
List of the 52 core articles related to Linked Data completeness.

Article Citation
A comprehensive quality model for Linked Data Radulovic et al. [15]
A framework for Linked Data fusion and quality assessment Nahari et al. [16]
A linkset quality metric measuring multilingual gain in SKOS Thesauri Albertoni et al. [17]
A Measure-Theoretic Foundation for Data Quality Bronselaer et al. [18]
A metric-driven approach for interlinking assessment of RDF graphs Yaghouti et al. [19]
A metrics-driven approach for quality assessment of Linked Open Data Behkamal et al. [20]
A Model for Linked Open Data Acquisition and SPARQL Query Generation Alec et al. [21]
A Quality Model for Linked Data Exploration Cappiello et al. [22]
A Two-Fold Quality Assurance Approach for Dynamic Knowledge Bases: The 3cixty Use Case Mihindukulasooriya et al. [23]
Analyzing Linked Data Quality with LiQuate Ruckhaus et al. [24]
Are Linked Datasets fit for Open-domain Question Answering? A Quality Assessment Thakkar et al.[25]
Assessing and Improving Domain Knowledge Representation in DBpedia Font et al. [26]
Assessing Linked Data Mappings Using Network Measures Guéret et al. [27]
Assessing linkset quality for complementing third-party datasets Albertoni et al. [12]
Assessing the Completeness Evolution of DBpedia: A Case Study Issa et al. [28]
Automated quality assessment of metadata across open data portals Neumaier et al. [29]
Automatically Generating Data Linkages Using a Domain-Independent Candidate Selection Approach Song and Heflin [30]
BOUNCER: Privacy-aware Query Processing Over Federations of RDF Datasets Endris et al. [31]
Capturing the age of Linked Open Data: Towards a dataset-independent framework Rula et al. [32]
Co-evolution of RDF Datasets Faisal et al. [33]
Comparing Index Structures for Completeness Reasoning Darari et al. [34]
Comparison of metadata quality in open data portals using the Analytic Hierarchy Process Kubler et al. [35]
CROCUS: Cluster-based Ontology Data Cleansing Cherix et al. [36]
Data Quality Assessment in Europeana: Metrics for Multilinguality Charles et al. [37]
Dataset Profiling - a Guide to Features, Methods, Applications and Vocabularies Ellefi et al. [38]
Enabling Fine-Grained RDF Data Completeness Assessment Darari et al. [39]
Enhancing answer completeness of SPARQL queries via crowdsourcing Acosta et al. [40]
Enhancing Dbpedia Quality Using Markov Logic Networks Ali and Alchaita [41]
Ensuring the Completeness and Soundness of SPARQL Queries Using Completeness Statements about RDF Data Sources Darari et al. [42]
How Linked Data can aid machine learning-based tasks Mountantonakis and Tzitzikas [43]
Improving Curated Web-Data Quality with Structured Harvesting and Assessment Feeney et al. [44]
Improving the Quality of Linked Data Using Statistical Distributions Paulheim and Bizer [45]
Interlinking Linked Data Sources Using a Domain-Independent System Nguyen et al. [46]
KBQ - A Tool for Knowledge Base Quality Assessment Using Evolution Analysis Rizzo et al. [47]
Labels in the Web of Data Ell et al. [48]
Linked Data Aggregation Algorithm: Increasing Completeness and Consistency of Data Knap and Michelfeit [49]
Linked data quality of DBpedia, Freebase, OpenCyc, Wikidata, and YAGO Färber et al. [50]
Methodology for Linked Enterprise Data Quality Assessment Through Information Visualizations Gürdür et al. [51]
Metrics-driven framework for LOD quality assessment Behkamal [52]
Quality and Complexity Measures for Data Linkage and Deduplication Christen and Goiser [53]
Recoin: Relative Completeness in Wikidata Balaraman et al. [54]
Sieve: Linked Data Quality Assessment and Fusion Mendes et al. [55]
SWIQA - a Semantic Web Information Quality Assessment Framework Fürber and Hepp [56]
Test-driven evaluation of Linked Data quality Kontokostas et al. [57]
Towards a Data Quality Framework for Heterogeneous Data Micic et al. [58]
Towards a vocabulary for data quality management in semantic web architectures Fürber and Hepp [59]
Towards an objective assessment framework for Linked Data quality Assaf et al. [60]
Towards Ontology Quality Assessment McGurk et al. [61]
Towards the Russian Linked Culture Cloud: Data Enrichment and Publishing Mouromtsev et al. [62]
Towards unified and native enrichment in event processing systems Hasan et al. [63]
URI Disambiguation in the Conext of Linked Data Jaffri et al. [64]
What‘s up LOD Cloud? Observing The State of Linked Open Data Cloud Metadata Assaf et al. [65]

ing property completeness focuses on the devel-
opment of novel frameworks towards measur-
ing the level of completeness of a knowledge
base such as [20] where the authors use the Goal
Question Metric (GQM) method to define met-
rics for inherent qualities of a dataset. A set of
measurement-theoretic metrics have been pro-
posed for evaluating the inherent quality charac-
teristics of a dataset where property completeness

is evaluated as the ratio of the number of prop-
erties to the number of classes described in the
dataset and the ratio of the sum of the number
of presented properties per instance to the total
number of instances in the dataset. Furthermore,
[55] proposed a framework for flexibly expressing
quality assessment methods as well as data fu-
sion methods where property completeness was
explored using the proportion of unique non-
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Table 3
List of the 52 core articles classified according to the seven types.

Article/Type of completeness
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Radulovic et al. [15]
Nahari et al. [16]
Albertoni et al. [17]
Bronselaer et al. [18]
Yaghouti et al. [19]
Behkamal et al. [20]
Alec et al. [21]
Cappiello et al. [22]
Mihindukulasooriya et al. [23]
Ruckhaus et al. [24]
Thakkar et al.[25]
Font et al. [26]
Guéret et al. [27]
Albertoni et al. [12]
Issa et al. [28]
Neumaier et al. [29]
Song and Heflin [30]
Endris et al. [31]
Rula et al. [32]
Faisal et al. [33]
Darari et al. [34]
Kubler et al. [35]
Cherix et al. [36]
Charles et al. [37]
Ellefi et al. [38]
Darari et al. [39]
Acosta et al. [40]
Ali and Alchaita [41]
Darari et al. [42]
Mountantonakis and Tzitzikas [43]
Feeney et al. [44]
Paulheim and Bizer [45]
Nguyen et al. [46]
Rizzo et al. [47]
Ell et al. [48]
Knap and Michelfeit [49]
Färber et al. [50]
Gürdür et al. [51]
Behkamal [52]
Christen and Goiser [53]
Balaraman et al. [54]
Mendes et al. [55]
Fürber and Hepp [56]
Kontokostas et al. [57]
Micic et al. [58]
Fürber and Hepp [59]
Assaf et al. [60]
McGurk et al. [61]
Mouromtsev et al. [62]
Hasan et al. [63]
Jaffri et al. [64]
Assaf et al. [65]

missing objects in the dataset. Other approaches
include the application of aggregate functions
[31, 39] and statistical distributions [16, 41, 45].

3.2.3. Population Completeness
A dataset is complete if it contains all of real-

world objects for a given task, which is also called

the completeness at data (instance) level [56]. Pop-
ulation completeness is also termed extensional
completeness [55]. For example, the instance France
suffers from a population completeness problem
if the dataset does not have all the 35, 885 French
cities.
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Definition 3 (Population completeness). Popula-
tion completeness is the degree to which all real-world
objects of a particular type that are represented in LD
dataset.

Problems. The popular challenge in this type is to
check a KB to see whether it contains all entities of
a given type. [23] proposed an approach to main-
tain the quality of KB that evolves repeatedly. The
proposed approach provides an overview of the
change of a given KB and a fine-grained analy-
sis. Moreover, the authors in [62] used complete-
ness metrics to assess the quality of newly pub-
lished Linked Data for cultural heritage. [30] was
focused on disambiguation problem, the authors
provided a method to scalably resolve entity co-
reference in structured datasets. Moreover, efforts
have been made to include completeness infor-
mation in KBs. This is achieved by adding true
facts such as Adele has one brother. This informa-
tion is essential to evaluate query completeness
and soundness [34, 39, 42].

Approaches and Metrics. A set of 14 articles have
been proposed to enhance population complete-
ness. Various metrics that check KBs to see
whether they contain all entities of a given type
in comparison to real-world data [23] or deal
with query completeness via hybrid computation
[40], include completeness information as part of
the KB that can be used for validation [39]. On
the other hand, [24] used a Bayesian Network
to model the dependencies among resources that
belong to a set of linked datasets and represent
the joint probability distributions of relationships
among resources. The probability of an individ-
ual resource is considered the likelihood of redun-
dancy or indicator of completeness regarding the
resource.

3.2.4. Interlinking Completeness
This type is related especially to Linked Data.

It refers to the percentage of instances that are
interlinked in the dataset [27]. For example, the
instance France linked from one dataset to another
instance French Republic in another dataset.

Definition 4 (Interlinking Completeness). Inter-
linking completeness is the degree to which instances
are interlinked in a LD dataset.

Problems. A standard data quality model for
quality specification and assessment is presented
in [15]. In the first step, the authors defined base
measures for quality evaluation, then combining
different base measures to get derived measures
and metrics that are obtained by integrating base
and/or derived measures. These measures and
metrics are used to assess data quality covering
various quality dimensions. Albertoni et al. [17]
explored how to assess the value of interlinks of
datasets in terms of information gain via what
they refer to as linkset importing. [30, 64] pro-
posed methods to resolve entity co-reference and
completing links in KBs.

Approaches and Metrics. We identified 11 articles
that focus on the interlinking completeness in LD.
Several approaches have been proposed to assess
interlinking completeness [15, 16, 19]. [24] ana-
lyzed the quality of data and links in LOD cloud
using Bayesian Networks. Additionally, [17] esti-
mated the completeness of a dataset by comple-
menting SKOS thesauri with their skos:exactMatch
related information. In [46], the authored gath-
ered the essential predicates of data sources using
their covering and discriminative abilities. Then,
they selected the most suitable alignments based
on their confidences and finally, comparing the
instances based on the selected alignments.

3.2.5. Currency Completeness
Currency according to [32] is the degree to

which data is up-to-date; and in this work, the
authors were interested in providing a model for
assessing currency and as a result they developed
a metric for currency completeness to evaluate the
completeness of the currency measurement. Cur-
rency completeness is evaluated on the dataset as
it is modified and updated over time. For instance,
energy consumed or temperature in France is not
the same in the last week or month.

Definition 5 (Currency completeness). Currency
completeness is the degree to which elements of a knowl-
edge base are available as it is updated over time.

Problems. The development of frameworks and
metrics for assessing the currency of RDF data is
the focus of research such as [32, 67] and currency
completeness is the by-product of evaluating the
proposed framework for assessing currency. [33]
also dealt with currency completeness while in-
vestigating an approach to deal with the mutual
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propagation of the changes between a replica and
its origin dataset termed as co-evolution.

Approaches and Metrics. We found two articles
that proposed metrics to measure currency com-
pleteness and another article [32] proposed a new
framework focusing on LD currency. While time-
liness captures the freshness of a specific state-
ment or entity [38], in other words, determines the
extent to which data are sufficiently up-to-date for
a task; currency completeness measures the com-
pleteness of the knowledge base as it is being up-
dated over different versions. As such, currency
completeness is the intersection between timeli-
ness and completeness where the degree of com-
pleteness is measured as the data becomes more
up-to-date. [32, 67] defined its currency complete-
ness metric as the number of resources for which
currency can be computed over the total number
of resources occurring in a knowledge base. Fur-
thermore, [33] evaluated currency completeness
as the ratio of the number of unique triples in
the synchronized dataset to the count of unique
triples in the two different versions of the dataset.

3.2.6. Metadata Completeness
Descriptive metadata about datasets enables

dataset discovery, and as such [38] provided a
comprehensive overview on metadata termed as
dataset profiling where they also assess metadata
completeness. Accordingly, metadata is consid-
ered complete if it contains all the fields with val-
ues required to properly describe a dataset e.g.
a dataset with technical identifiers such as title
or description without any metadata context is in-
complete and reduce the quality of the dataset.
Metadata/description of a dataset is expected to be
Findable, Accessible, Interoperable and Reusable
(FAIR) [68]. For instance, indicating the descrip-
tion of the dataset about France that it captures in-
trinsic properties of the country or all the editors
that modified the dataset, thus, making sure the
metadata is available and complete.

Definition 6 (Metadata completeness). Metadata
completeness is the degree to which metadata properties
and values are not missing in a dataset for a given task.

Problems. Open data platforms such as LOD
Cloud and Governmental open data terminal are
becoming widespread and important data source
for research. [29] mentioned that metadata quality
issues in Open Data portals have been identified

as one of the core problems for wider adoption
of open data and developed a quality assessment
and evolution monitoring framework for web-
based data portal platforms, which offers their
metadata in different and heterogeneous models.
Similarly, [38, 60] investigated the development
of frameworks for assessing metadata quality in
Linked Data sources and [35, 65] focused on as-
sessing Government open data platforms.

Approaches and Metrics. There are six articles that
focus on metadata completeness. A lot of empha-
sis is currently placed on the completeness of the
dataset itself only, but the importance of com-
pleteness of the metadata cannot be understated.
Descriptive metadata about existing datasets are
a substantial building block for facilitating en-
tities and datasets linking, entity retrieval, dis-
tributed search or query federation. Ellefi et al.
[38] developed a framework for dataset profiling
for the formal representation of a set of features
that describes a dataset and allow the comparison
of different datasets. They provided a taxonomy,
formally represented as an RDF vocabulary of
dataset profiling features. Furthermore, [37] pre-
sented an approach for capturing multilingualism
as part of data quality dimensions, spanning com-
pleteness and [35] proposed a framework for com-
parison of open data portals for metadata quality
using analytic hierarchy process.

3.2.7. Labelling Completeness
Labelling completeness is particular to RDF

Data, where URIs are used for identification but
are not very suitable for indexing purposes and
human readability. This warrants that entities
have a human readable label and the level for
which it is not missing is labelling completeness.
For example, the existence of rdfs:label for instance
of a city Paris.

Definition 7 (Labelling completeness). Labelling
completeness refers to the degree to which entities in
the dataset have a human readable label.

Problems. [48] investigated internationalization
of knowledge bases, existence of multiple labels
for an entity, the computational costs associated
with dereferencing URIs and proposed that all en-
tities in a knowledge base have human readable
labels. They also explored development of a met-
ric for labelling completeness. [51] was focused on
enterprise data integration and investigated the
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assessment of data quality for a Linked Enterprise
Data in the automotive industry. Authors calcu-
lated the average number of resources that did
not have a label property defined and stressed the
need for it due to the heterogeneous nature of en-
vironments that generates different components
of the dataset.

Approaches and Metrics. The importance of labels
for non-information resources in Linked Data can-
not be overstated. It helps indexing and search-
ing the resources and displaying data to end-
users that can be easily understood, rather than
URIs [48]. Only three articles have examined la-
belling completeness. According to Ell et al. [48],
Labelling completeness measures the degree to
which Linked Data resources have labels, it can
be defined as the ratio of URIs with at least one
value for a labeling property to all URIs in a given
knowledge base. [51] developed a data quality
assessment tool in the form of a dashboard to
manage data quality of a dataset integrated from
various departments of an organization that is
part of the automotive industry. Finally, [60] pre-
sented a quality measurement tool that helps data
providers to rate the quality of their datasets and
get recommendations on possible improvements
by developing standardized quality indicators to
rate datasets.

3.3. Tools Analysis

From the core articles, we identified nine most
common used tools (listed in Figure 5) that auto-
matically or semi-automatically assess complete-
ness of datasets. An overview of different tools
and their capabilities along with the type of com-
pleteness they focus on, is described below.

3.3.1. Sieve
Sieve5 [55] is the quality evaluation mod-

ule within Linked Data Integration Framework
(LDIF) [69] which enables automatic data quality
assessment by a conceptual model composed of
assessment metrics, indicators and scoring func-
tions like (Set Membership, Threshold and Inter-
val Membership) for completeness. It is suitable
for assessing schema, property and interlinking
completeness.

5http://sieve.wbsg.de

3.3.2. Loupe
Loupe6 [15] is a tool that can be used to in-

spect a dataset to understand which vocabular-
ies (classes and properties) are used with statis-
tics and frequent triple patterns. Starting from the
high-level statistics, Loupe allows one to zoom
into details down to the corresponding triple with
its visual explorer and semi. It is a semi-automatic
tool as metrics needs customization by the user.
This can be used to assess schema and property
completeness. Population completeness can also
be assessed with external data.

3.3.3. Luzzu
Luzzu7 [25] is also a Quality Assessment Frame-

work for Linked Open datasets based on the
Dataset Quality Ontology (daQ), allowing users
to define their own quality metrics. It provides a li-
brary of generic quality metrics that users can cus-
tomize based on domain-specific tasks in a scal-
able manner, thus it is semi-automatic; it also pro-
vides queryable quality metadata on the assessed
datasets and assembles detailed quality reports on
assessed datasets. It is useful for assessing prop-
erty, schema, interlinking, metadata and labelling
completeness albeit it requires manual configura-
tions by the user.

3.3.4. Link-QA
Link-QA8 [27] specifies a framework for detec-

tion of the quality of linksets using network met-
rics (degree, clustering coefficient, open sameAs
chains, centrality, description richness through
sameAs). It is completely automatic and compat-
ible with a set of resources, SPARQL endpoints
and/or dereferencable resources and a set of triples
as input. It is particularly useful for assessing in-
terlinking completeness.

3.3.5. LiQuate
LiQuate [24] is a tool that uses a Bayesian Net-

work to learn the dependencies between prop-
erties in RDF data. It is particularly well suited
to assess interlinking and labelling completeness.
However, it is semi-automatic and requires con-
figurations from the user.

6http://loupe.linkeddata.es/loupe/
7https://eis-bonn.github.io/Luzzu/
8https://github.com/cgueret/LinkedData-QA
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Fig. 5. Summary of tools based on type of completeness.

3.3.6. LODsyndesis
LODsyndesis9 [43] uses novel lattice-based al-

gorithms to find the intersection of datasets in the
LOD cloud. The symmetric and transitive closure
of the set of owl:sameAs, owl:equivalentProperty and
owl:equivalentClass relationships from all datasets
was computed for creating semantically enriched
indexes. It is a reference for automatically assess-
ing interlinking completeness.

3.3.7. Slint+
Slint+10 [46] (Schema-Independent Linked Data

Interlinking) is similar to LODsyndesis, in that,
it detects all owl:sameAs links automatically be-
tween two given Linked Data sources.

3.3.8. LODQM
LODQM11 [52] is an automatic tool developed

around goal-question-metric [70] approach to so-
liciting metrics used for assessment of datasets. It
is suited for assessing schema and property com-
pleteness.

9http://83.212.101.188:8081/LODsyndesis/index.jsp
10http://ri-www.nii.ac.jp/SLINT/index.html
11https://bitbucket.org/behkamal/new-metrics-codes/src

3.3.9. KBQ
KBQ12 [47] is a tool geared towards assessment

of quality of datasets based on temporal analysis.
It automatically computes the frequency of pred-
icates and the frequency of entities of a given re-
source type, and compares the frequencies with
the ones observed in previous versions of the
dataset. It can be specifically used to assess cur-
rency completeness.

4. Discussion

Overview. In this SLR, we have analyzed 52 ar-
ticles that focus on seven types of LD complete-
ness. In total, we identified 23 metrics and nine
tools that specifically deal with LD completeness.
We have observed that some articles examine one
type of completeness such as [28, 48, 64] or several
types of completeness such as [49, 50, 55]. Fur-
thermore, it is rare to find research effort focused
entirely on a single aspect of data quality dimen-
sion. From the nine tools analyzed, only six tools
are automatic and the remaining three tools are
semi-automatic. Also, there was no formal valida-
tion of the methodologies that were implemented

12http://datascience.ismb.it/shiny/KBQ/
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Table 4
List of completeness metrics.

Metric Citation

Schema completeness

* Ratio of number of classes/properties presented in
dataset to total number of classes/properties
* Ratio of number of properties of an instance to total
number of mandatory properties
* Capacity function to validate predicate of completeness
at schema level
* Ratio of similar subjects/instances missing properties

[20, 49, 50, 52, 55–57, 60, 61]

[22, 28]

[18]

[54]

Property completeness

* Percentage of values for which a given property exists
* Ratio of number of values presented for a specific
property to total number of values for a specific property
* Completeness measurement based on statistical
distributions of properties
* Count of property values
* Ratio of concepts/predicate pairs

[15, 20, 23, 43, 55, 57, 59]
[41, 53, 56, 63]

[45]

[44, 52]
[50]

Population completeness

* Ratio of unique objects on the dataset to all available
unique objects in the universe
* Multiplicity of the resource and the aggregated
multiplicity of all classes where the resource belongs to
* Identify a fragment of completeness information to check
completeness

[23, 24, 30, 34, 36, 44, 50, 56, 58, 62]

[40]

[39]

Interlinking completeness

* Ratio of instances that are interlinked in the dataset to
total number of instances in the dataset
* Linkset importing
* owl:sameAs frequency relative to co-reference
* Ratio between the number of triples that are “in-links”
and the total number of triples in the RDF graph served as
a description of each resource
* Extent of connectivity between the dataset under
assessment and external sources

[15, 16, 19, 24, 25, 46, 62]

[17]
[64]
[25]

[25]

Currency completeness
* Ratio of unique triples in new version of KB to total
unique triples over all versions of the KB
* Difference between frequency of properties for a class
between two KB releases

[32, 33]

[47]

Metadata completeness
* Aggregate function on predicates on metadata
* Existence , Count of metadata values and ratio of
missing metadata values to total metadata properties

[29]
[35, 37, 60, 65]

Labelling completeness
* Percentage of URIs with label
* Existence, count of labels

[48]
[51, 60]

as tools. The most common challenge where LD
completeness is relevant is in the development
of frameworks for assessment of data quality us-
ing various approaches ranging from the applica-
tion of network measures [27] to first order logic
predicates [18]. In other cases, researchers define
constraints applicable in specific scenarios such as
privacy aware assessment framework [22]. Based
on our analysis, we have identified several open

challenges pertaining to Linked Data quality in
general and also specifically for the completeness
dimension, which we discuss in the following.

Open world assumption. Typically the Semantic
Web follows an Open World Assumption (OWA)
[13], which does not allow inferring the truth of
a statement only by checking whether the state-
ment is known. OWA assumes that everything we
do not know is not yet defined. For data qual-
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ity assessment, we need to define metrics based
on close-world assumption, i.e. assume that ev-
erything that is not known can be assumed as
false. However, this assumption will most likely
not hold in many cases since we often suffer from
lack of gold standard and complete data. Con-
sequently, when performing data quality assess-
ment, the metrics have to be evaluated and refined
continuously [56].

Maintenance of data quality. After the assessment
of data quality, the next step is to improve the
quality taking into account the results from the as-
sessment. This cycle of assessment and improve-
ment should be done at regular intervals of time
and/or when the data is updated. Additionally, a
data quality issue in one dataset can ultimately
affect the quality of multiple interlinked data sets,
thus propagating the errors. Consequently, main-
tenance of quality becomes challenging in the Web
of Data mainly because it is generated from ex-
isting data and thus its correction can be even
more difficult and time consuming when meta-
information provenance is not available anymore
[71].

Quality-Based question answering. When existing
Linked Data sets are published along with their
quality information, it can be possible to design a
new generation of quality-based question answer
systems, which rely on this information to deliver
useful and relevant results [72]. In order to pro-
vide the answer to user queries in a meaningful
way, it is necessary to define what should be in the
result, how it can be obtained and how one should
represent the query result. In this case, the com-
pleteness, consistency (logical/formal), timeliness,
etc. of the data affects the results considerably. For
example, querying an integrated data set for a par-
ticular flight time, the time from the source with
the higher update frequency and more complete
information should be chosen. Thus, question an-
swering can be increased in effectiveness and effi-
ciency using data quality criteria as a leverage to
filter the most relevant results.

Stream-lining future surveys. This SLR took eight
months in total to be performed. In order to in-
crease the efficiency and sustainability of such
SLRs in the future, we propose (i) future surveys
on Linked Data quality, specifically on complete-
ness, tag their articles with the type of complete-

ness (listed in Section 3.2) as keywords and (ii)
we, as a community, think of combining human
and machine effort towards stream-lining such
SLRs. We resonate with the idea proposed in [73]
of living systematic reviews combining humans and
machines. For some of the repetitive and labor-
intensive tasks, machines can assist, such as, for
searching relevant articles and eligibility analyz-
ing. Then, humans can assist in extracting relevant
information from within the text. Workflows can
be developed in which human effort and machine
automation can each enables the other to operate
in more effective and efficient ways, offering sub-
stantial enhancements to the productivity of sys-
tematic reviews [73]. In this way, a systematic lit-
erature review can be continually updated incor-
porating new articles as they become available.

5. Conclusion and Future Work

The Linked Open Data principles are applied
in various domains including life science, media,
medicine and e-government. All these areas re-
quire high quality of data since human lives are
directly impacted; for example, IBM reported that
poor quality data costs the US economy $3.1 tril-
lion dollars a year 13. This raises the need for devel-
oping methods to evaluate and improve (Linked)
data quality on the Web.

This work focuses on completeness that is one
of the most important dimensions of Linked Data
[7]. In this article, we surveyed the research topic
on completeness of LD. We analyzed 52 studies
and classified seven types of completeness. We
provided definitions for each type, identified the
different kinds of problems that they address, pro-
vided approaches and metrics for assessment and
analyzed the tools available for assessment of LD
completeness. In this SLR, we addressed the re-
search question: How can we assess the completeness
of Linked Data, which includes different types of com-
pleteness considering several approaches?. There are a
number of different reasons why we did this SLR:

– summarize existing approaches concerning
Linked Data completeness

13https://www.ibmbigdatahub.com/infographic/
four-vs-big-data
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– identify problems, approaches, metrics and
tools for assessing LD completeness

– realize gaps in existing studies regarding LD
completeness, in order to help the researchers
find the topic where they should work in

– serve as a starting document for future re-
searchers interested in this topic

One limitation of our work is that we explored
state of the art using only the keywords relating
to Linked Data as specified in Section 2.4. There-
fore, this may lead to the omission of interesting
approaches that do not use these keywords. As a
future work, we plan to expand our research by
adding more relative keywords such as Knowledge
Graph.

We hope that researchers find this work as a
comprehensive introduction to LD completeness
and identify future research challenges to address.
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